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AUTHOR'S PREFACE.

- oGO

In the series of monographs published under the general
title of * The Fauna of British India,” the Nematoda have not
hitherto found a place. Our knowledge of this group,
as it oceurs in India, Ceylon and Burma, is still rather scanty.
Until recently almost the only observations on record were
those made by British officials resident in India—usually
members of the medical and veterinary services who, in the
pursuit of their calling, were confronted with problems in
which parasites played an important part. Thus it came
about that a certain amount of information was accumulated
concerning the Nematode parasites of man and the more
important domestic animals. These parasites are, as might
be expected, for the most part the same as those which occur
in the same hosts in other parts of the world. Lists of
records, principally based on material obtained from domestic
animals in the Punjab, were published by Gaiger in 1910

and 1915.

From time to time material collected in India, Ceylon or
Burma found its way into the hands of specialists such as
Cobbold in England, Railliet in France, Parona in Italy
and v. Linstow in Germany, and in this way a certain number
of species new to science, from both domestic and wild animals,
were described. The Museums at Calcutta and Colombo
have played a valuable part in thus extending our knowledge,
by forwarding material to European helminthologists for



vi AUTHOR'S PREFAOE.

determination. A few enthusiastic officers of the Indian
Medical Service, such as Lt.-Col. F. H. Stewart and
Lt.-Col. Clayton Lane, have taken up the study of Nematodes
in India itself, working in more or less close conjunction with
the Indian Museum.

The Zoological Survey of India, with its headquarters at
the Indian Museum, has also done valuable work in preserving
for study parasites obtained from animals that have been
immates of the Zoological Gardens, Calcutta, as well as those
obtained by its own or other collectors from wild animals.
Two considerable collections of material from these sources
were entrusted to the writer by the Iate Dr. N. Annandale.
then Director of the Zoological Survey of India, and were
reported upon, in collaboration with Capt. R. Daubney,
M.R.C.V.S,, in 1922 and 1923. In these two reports a
number of new species were added to the Indian fauna,
and the known host-range of other species was extended.
Since that time a fruitful collaboration has been established
between the Zoological Gardens, Calcutta, and the Calcutta
School of Tropical Medicine, whereby two helminthologists
(Prof. A, C. Chandler and Dr. P. A. Maplestone), working
successively in the latter institution, have been enabled
to describe many new species and to extend still further onr
knowledge of the subject.

A few Indian zoologists are now taking up the study of
helminthology, and a certain number of new forms of Nema-
todes have been described by them during the last decade.
There i undoubtedly still room for a great deal of work of
this kind, for the rich fauna of India still remains largely
unexplored from the parasitological point of view.

Concerning Indian free-living Nematodes scarcely anything
is yet known. H. J. Carter, an Assistant Surgeon in the
Bombay Medical Establishment, appears to have been the
first to devote any attention to them. Between the years
1855 and 1859 he described certain forms found in brackish
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water or among alg® in open drains in Bombay, but
unfortunately his descriptions are of little modemvvalue.
Nearly sixty years later Stewart described a few free-living
species from Chilka Lake. Apart from these there are very
few records, and there can be no doubt that the free-livin.g.
Nematodes offer a very wide and almost untouched field for
research. Little work, again, seems to have been done in
India on the forms that attack crops. One species, the cause
of the ** ufra ™ disease of rice, was first discovered and described
by Butler. working at the Agricultural Research Institute,

Pusa.

Apart from the systematic aspect, much valuable work
has been done in India on Nematodes of definite economic
importance. Thus India has contributed a large share to the
literature of ancylostomiasis, filariasis, dracontiasis and other
human infestations, and species of importance in veterinary
and agricultural science have received a considerable amount

of attention.

From what has been said above it will be clear that the
foundation for a systematic account of the Nematode fauna
of India is as yet far from complete. The purpose of this
book is simply to summarize, from the systematic point of
view, the information at present available. The present
volume deals only with the orders Ascaroidea and Strongy-
loidea (these terms being used in a wide sense). Some de-
scription is given of every species dealt with. In the majority
of cases this is derived from the descriptions already available
in the literature, and, when several descriptions of a species
exist, an attempt has been made to combine them in such
a way as to, give the known extent of variation. A standardized
order and style have been adopted in the descriptions, in order
to facilitate reference and comparison. A brief summary
of the life-history of the species, where this is known, is
frequently added, and in some cases notes on its pathological
and other aspects. No attempt, however, is made to deal
fully with these matters, the scope of the work being primarily

systematic.
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It has not been found practicable to give satisfactory keys
to the families and higher groups. Where keys to genera
and species are given, it should be understood that they
include only the genera or species of which descriptions follow,
their sole purpose being to aid rapid reference to the de-
scriptions. The keys themselves are of a purely artificial

nature, and are not intended to indicate phylogenetic
relationships.

It has been a somewhat difficult matter to decide what
species should be regarded as falling within the scope of the
work. Many parasites have been recorded outside India
from animals of Indian origin, or animals known to occur
in that country. Many species, on the other hand, have been
recorded in India from animals imported from elsewhere
and not indigenous. In either case the hosts have usually
been kept in captivity, and the possibility cannot be excluded
that their parasites may have been acquired after importation.
Since some limit must be set to the extent of the work, it has
seemed best, as a general rule, to ignore species not known
to have been found in India, Ceylon or Burma, but to include
those definitely recorded as occurring within these geographical

boundaries, even when their hosts do not belong to the native
fauna.

The names used for host-animals in this volume are for
the most part those used in previously-published volumes
of the ‘ Fauna of British India,’ viz.,

Mammalia (First Edition), by W. T. Blanford (Part I,
1888 ; Part 11, 1891).

Birds (Second Edition), by E. C. Stuart Baker (Syn-
onymical Catalogue, Vols. VII and VIII, 1930).

Reptilia and Batrachia (First Edition), by G. A. Boulenger
(1890).

Reptilia and Amphibia (Second Edition), by Malcolm A.
Smith (Vol. I, Loricata, Testudines, 1931; Vol. II,
Sauria, 1935).

Fishes (First Edition), by F. Day (Vols. I and 11, 1889).
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The writer desires to express his thanks to the numerous
authors from whose descriptions material has been borrowed
and who have kindly allowed their illustrations to be copied,
and in particular to Prof. C. L. Boulenger, Lt.-Col. Clu,vtor;
Lane, Dr. P. A. Maplestone, D.S.0., and Prof. \Varrinvgton
Yorke, F.R.S. Thanks are also due to the editors and
publishers of the various journals and books from which
illustrations have been borrowed for their permission to
reproduce them ; and in particular to the Government of
India for permission to reproduce numerous figures from
reports originally published in the Memoirs and Records of the
Indian Museum, and to the Director of the Zoological Survey
of India for the loan of the blocks.

To the Director of the Colombo Museum the author is
indebted for enabling him to re-examine the type-specimens
of certain species described by v. Linstow. This oppor-
tunity is also taken of expressing appreciation of the care
and skill of Miss F. R. Mold in copying many of the illus-
trations, and finally of thanking the Editor for his valuable
help and encouragement during the preparation of the work
for publication.

H. A. BAYLIS.

British Museum (Natural History),
London, S.W. 7.
March, 1936.
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o INTRODUCTION.

GENERAL ACCOUNT OF THE CLASS NEMATODA.

Tae Nematodes or Threadworms are a group of animals
whose relationships to the rest of the animal kingdom are
extremely obscure. In text-books of zoology the group is
commonly treated as part of a phylum NEMATHELMINTHES,
along with the AcaNTHOCEPHALA and the NEMATOMORPHA
or Gororacea. There is, however, no real evidence that the
Nematodes are at all closely related to these groups, from which,
in structure and in development, they differ widely. Certain
arguments have been advanced in favour of considering them
remotely related to the Arruroropa *, but it must be ad-
mitted that the evidence is very unconvincing. In short,
no useful purpose seems to be served by speculation con-
cerning the origin or affinities of the group, and the only course
open to us at present is to regard them as an independent
class of animals.

GENERAL MORPHOLOGY.

Body-wall.

A typical Nematode is a eylindrical or spindle-shaped,
more or less elongate, unsegmented animal, tapering some-
what towards each end. The body is covered externally
with a tough, resistant cuticle, which is elastic and flexible,
but only to a very small degree extensible. This cuticle can
generally be seen to be composed of two or more layers, and
is almost invariably marked throughout the body with a
regular series of annular grooves, known as striations. In a
living Nematode the cuticle is usually firm and taut, but in
some species it may show a certain amount of transverse
wrinkling, allowing of additional flexibility. The cuticle
may form local excrescences of very various kinds, such as
bristles, spines, scales or bosses. Bristles are most frequently
present in free-living forms, in which they occur chiefly at or
near the extremities, and generally appear to be sensory

* For a dizcussion of this question =ee Baylis, 1924, Ann. & Mag.
Nat. Hist, (9) xiii, p. 165.
NEM.
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organs, connected with fine nerve-terminations. Spines or
scales, almost always arranged in transverse rings, occur on
the cuticle of many parasitic species, belonging to various
families, and probably serve either as clinging organs or as
aids in creeping or burrowing. At the sides of the body the
cuticle is often raised into a pair of longitudinal ridges or
flanges, termed lateral alm. These probably sen“: as *“ fing,"
and assist in the eel-like swimming type of locomotion.
Frequently the ale are confined to the anterior region of the
body, or become much narrower posteriorly. When con-
spicnous only in the “ neck ” region they are often called
cervical ale. Occasionally an ala is present on one side only,
or one is more highly developed than the other. Multiple
longitudinal ridges or crests occur on the cuticle of certain
forms, particularly among the Trichostrongylide, in addition
to, or instead of, lateral ale. In the males of many Nema-
todes there are special lateral expansions of the cuticle
near the posterior end of the body, known as caudal ale.
These assist in copulation, being applied to or wrapped round
the body of the female. In the STRONGYLOIDEA the caudal
ale assume a highly specialized form, being developed into
a more or less bell-shaped expansion which surrounds the
posterior extremity and is called the bursa.

The cuticle is the product of the secretion of the subcuticular
layer. This is a syncytium, or sheet of nucleated protoplasm
without definite cell-boundaries. [mmediately below this is
the main musculature of the body. This consists of a single
layer of muscle-cells whose contractile fibres are arranged
longitudinally, in such a way as to produce, by their con-
traction, dorso-ventral bending of the body. Locomotion is
effected in all Nematodes by successive undulations, the worms
““ swimming " in the surrounding liquid or semi-liquid medium
in a manner suggestive of that of eels or snakes, but differing
from it in that their undulations are always in an ** up-and-
down " and not in a lateral direction. When placed in a drop
of liquid on a flat surface, a living Nematode invariably lies
on its side, and after death its body almost always assumes the
same position. The muscle-cells take various forms and show
various types of arrangement. Fundamentally each indi-
vidual cell consists of a contractile portion and a non-con-
tractile protoplasmic portion. Schneider, in 1860, dis-
tinguished two main types, which he named * platymyarian st
and  ccelomyarian,” In the former the contractile substance
forms a flat, rhomboidal sheet on the surface of the cell nearest
to the subcuticular layer. In the latter the non-contractile
or medullary protoplasm of the cell is partly enclosed in the
contractile substance, which forms a spindle-shaped tube or
groove, allowing the medullary protoplasm to project only
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As a systematic basis Schneider's types of musculature have
proved unsatisfactory, and have now been generally dis-
carded. The forms placed by him in the ‘* holomyarian 3%
group have been found to show in reality modifications of the
polymyarian arrangement, while the polymyarian and mero-
myarian types are found to occur in closely-related forms or
even together in a single species. There is, however, some
reason for regarding these two types of musculature as stages
in evolutionary development, as has been suggest by
Rauther (1930) and by Chitwood and Chitwood (1934). Some
species which are calomyarian (polymyarian) as adults have
been found to be platymyarian (meromyarian) as larve, an
this fact agrees with the supposition that the platymyarian
type is the more primitive.

The museculature of the body-wall is divided,
Nematodes, into four sectors by four longitudinal = chords "
or internal t!lwkenmgs of the subcuticular layer. Two of
these thickenings, known as the lateral fields, run along the
sides of the body, and are usually well developed, broad and
prominent. The others, situated in the mid-dorsal and mid-
ventral lines, are narrow and less conspicuous. In a few
forms there are eight muscle-sectors and eight “ ¢chords.”

The musculature encloses a body-cavity, filled with fluid,
which is t'mvcn_‘sed by the alimentary canal and contains also
the reproducfive organs. The body-cavity is not a com-
pletely clear space, but is crossed in places by strands of a
kind of fibrous connective tissue, and by some muscle-fibres
connecting parts of the alimentary canal and other organs

with the body-wall. The connective or  mesenteric =’ tissue
2

in almost all
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covers the musculature internally and the outer surface of
the alimentary canal and other organs in the body-cavity,
which are thus supported and kept in place by it.

Alimentary Canal.

The mouth is situated at the anterior end of the body,
terminally or subterminally, and may or may not be surrounded
by lip-like structures. It appears probable that the most
primitive types are those in which three lips are present, one
being dorsal and two subventral. Triradial symmetry, of
which the three-lipped condition is an expression, is a feature
constantly appearing in the morphology of the group. It is,
in all existing forms, combined with a bilateral symmetry,
and it seems possible that the latter was, at some remote
ancestral period, superimposed upon it. It has even been
suggested that the Nematodes are the descendants of a sessile
type of organism, the habit possessed by many free-living
forms of anchoring themselves by the tail, by means of a
sticky secretion, being regarded as a survival of an ancestral
mode of life. When three lips are present, each usually
carries on its outer surface two of the six sensory papille
with which the heads of almost all Nematodes are provided.
In other forms the three lips are replaced by a pair of lateral
lips, each carrying three papille. In others, again, the lips
have disappeared, but the papille are still present on the
surface of. the cuticle surrounding the mouth. In some
forms secondary lip-like structures, independent of the papille,
have been developed.

'The mouth may lead directly into the cesophagus, or anterior
portion of the alimentary canal. Frequently, however, it
does so indirectly, through a special cavity or vestibule,
which may have thickened cuticular or chitinoid walls, and
in which various kinds of tooth-like projections or other
elaborations of structure may be present. When this vestibule
is a cuticular structure without a surrounding muscular
coat, it is conveniently termed a * buccal capsule.” It may,
however, be of the nature of a modified portion of the ceso-
phagus itself, and be enclosed in part of the cesophageal
musculature. In such cases it is convenient to refer to it as
a “ pharynx.” An wsophagus is present in all Nematodes,
and in the majority of them this organ, or at least its anterior
portion, is provided with powerful muscular walls, surrounding
a three-sided cuticular tube. This tube is a stomodeum—
i.e., is continuons with the external integument—and is
moulted with the latter at each of the larval ecdyses. The
muscles of the esophagus are so arranged that when they
contract the lumen of the organ is dilated. The cesophagus
thus acts as a suction-pump for taking in liquid food. The
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psophagus a muscular ** bulb ©* containing a three-sided
valvular structure. In others there may be a specialized,
nearly solid, posterior portion of the wsophagus, of a non-
muscular and possibly glandular structure, which it is con-
venient to (l{stlngllish as a ** ventriculus.” This ventriculus
may give off one or more blind processes or appendices of
similar lnstolpgicul appearance to itself. In the Ascarid®,
\\'pen a ventriculus is present, it usually contains the nuclei
of the asophageal glands. When, however, a single appendix
is present, this contains the nucleus of the dorsal gland.

The wesophagus assumes unusual forms in certain groups.
In the TRICHINELLOIDEA, for example, only its anterior portion
is of the ordinary type, and for the greater part of its length
it is a very narrow tube embedded, or partly embedded,
eccentrically in a chain of peculiar cells (the ™ cell-body 7).
According to the observations of Thomas (1924), and of
Chitwood (1930), however, even in its narrow portion
the wsophageal tube still possesses a muscular wall and a
triradiate Iumen, and is not, as usually described, a mere
cuticular tube forming the lumen of a series of ™ drain-pipe ~
[n adult Mermithide the cesophagus is represent

cells.
by a slender cuticular tube, and has lost its connection
posteriorly with the intestine, which is modified in this group

into a solid ** fat-body.”
The cesophagus is connected posteriorly with the intestine,

into which it commonly opens by means of a * valve 7 com-

sed of three semicircular flaps. The intestine is, in almost
all Nematodes, a straight or slightly sinuous tube, with simple
or more or less folded walls. In rare cases it is considerably
!onger than the body, and therefore is disposed in loops.
The walls of the intestine consist of a single layer of columnar
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cells, whose inner ends frequently, if not always, have a
¢ Qtabchensaum >’ or striated border. This border may
assume the appearance of a bunch of cilia, and it has been
thought by some observers that a ciliated epithelium actually
oceurs in the intestine of certain species. No movement
of the supposed cilia, however, seems to have been observed.
At the posterior end of the alimentary eanal there is a ** procto-
deum * (i. e. an invagination of the external cuticle). This
takes the form, in the female, of a relatively short rectum,
and in the male of a cloaca, or common atrium into which
open both the intestine and the ejaculatory duct, or terminal
portion of the genital tube. The posterior opening of the
alimentary canal is usually referred to as the anus in the female
and as the cloacal aperture in the male. In the majority
of Nematodes there is a postanal or postcloacal prolongation
of the body, commonly called the tail. In the males of the
STRONGYLOIDEA the bursa projects beyond the posterior end
of the body, and there is no tail. In certain other forms the
anus or cloacal aperture is terminal, so that in these again
a tail is absent.

' Caudal Glands.

In many free-living Nematodes the cavity of the tail
contains three unicellular glands whose ducts open at the tip,
often through a specially developed tube, which has been
called by Bastian the * caudal sucker ™ and by Cobb the
“ spinneret.”” The function of these glands is to produce a
sticky secretion, which may become solidified in the form
of a thread on contact with water, and serves to attach the
animal to solid objects. This habit of anchoring themselves
by the tail is particularly common among species which live
in streams or on the sea-shore. Some forms have been ob-
served to progress somewhat after the manner of a ** looper 2
caterpillar, by attaching themselves alternately by the mouth
and tail to the substratum. In some parasitic genera (e.g.
Physaloptera, and certain Heterakide and Oxyuridae) a gingle
candal gland has been described, opening by a subterminal
ventral pore. '

Nervous System.

The nervous system is entirely enclosed in tissue belonging
to the subcuticular layer. Its main centre is in the form of a
ring of fibres (the ““ nerve-ring ') surrounding the esophagus
and connected with a number of ganglia from which longitudinal
nerve-cords are given off. Six such nerves run anteriorly
to the sense-organs of the head. The number of nerve-cords
siven off posteriorly seems to be subject to some variation in
different groups. In Asecaris, in which the nervous system is
best known, there are eight posterior cords—a median ventral
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(which is the largest), a median dorsal (the next in size), two
lateral and foux’ sublateral. These longitudinal nerves are
connected at intervals by a number of asyxixmetrically-arra.nged
transverse commissures. The median and sublateral nerves
are probably mainly motor in function, the lateral nerves
purgly sensory. The latter send branches to the cervical
papillz, and are connected with the same ganglia as the two
lateral anterior nerves, which supply the lateral cephalic
Sensory organs.

In the male there is a special development of the nervous
system at the posterior end of the body, in connection with
the copulatory apparatus and its associated sense-organs.
The ve_nt.ml nerve-cord is here connected with special ganglia
and with a secondary nerve-ring surrounding, or partially
surrounding, the cloaca. The lateral and sublateral nerve-
cords of each side combine to form a large bursal nerve,”’
which is connected by a number of commissures with the
ventral nerve and gives off a branch to each of the prcmml
and postanal papillz.

A “ sympathetic ©’ nervous system has been described in
certain forms (e.g. Ascaris, Oxyuris, and Ancylostoma).
This is situated in the wesophagus, and consists of t
longitudinal nerves lying in the three sectors of the cesophageal
wall, connected by one or more transverse commissures, an
giving off a network of fine fibres by which the cesophageal
muscles are innervated.

The only sense-organs universally present are apparently
of a tactile nature, and are in the form of papille (or, in many
free-living forms, prominent bristle-like cuticular structures),
situated chiefly towards the two extremities of the body and
each supplied with a fine nerve-ending. The cephalic sense-
organs are typically six in number, but may be more numerous
and arranged in several rings. A pair of lateral sense-organs
is almost invariably distinguishable by some peculiarity of
atructure from the rest. When papilla-like these lateral
organs are usually larger than the others, which, in the
majority of parasitic forms at Jeast, are situated subdorsally
and subventrally. Often, however, the lateral organs are

re.like rather than papilla-like, and in free-living genera
thev are commonly very highly specialized, and appear to
consist essentially of tubular channels in the cuticle. These
may assume a variety of forms, being sometimes straight,
sometimes spiral, or of various intermediate types. These
lateral cephalic organs of free-living Nematodes have been
termed by Cobb the * amphids,” to distinguish them from
the other cephalic organs. The latgr_nl organs of some para-
sitic forms, especially in their free-living larval stages, closely
resemble them, and it may probably be assumed that the
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lateral organs or lateral cephalic papille are holomogous
throughout, the group, though their function may not in all
cases be identical.

In almost all parasitic Nematodes there is a pair of cervical
papillz (the * deirids” of Cobb), situated in or near the
lateral lines in the msophageal region. In some forms there
is also a pair of lateral or subdorsal papille in the middle
region of the body, called by Seurat the * intestinal papille.”
Exceptionally the cervical papille may be multiplied so as
to form two extensive series, or there may be numerous
papille arranged in more or less regular longitudinal rows
throughout almost the whole length of the body. The tail,
in both sexes, usually bears a pair of lateral sense-organs
which are often rather pore-like than papilla-like, and have
been called by Seurat the “ caudal pores,” and by Cobb the
** phasmids.” In addition to these, the candal end of the
male is usually provided with special papille, doubtless
concerned in copulation. These vary greatly in number in
different genera, but their number is more or less constant for
a given species. They are mainly arranged in bilaterally
symmetrical pairs and subventral or sublateral in position,
but median ventral papille are also sometimes present in
the vicinity of the cloacal aperture. In the males of the
STRONGYLOIDEA the papillz are limited to about six or seven
pairs, and form the terminations of the rays of the bursa.
Some of them may be situated on the inside and some on the
outside of the bursal membrane. Frequently there is an
additional pair of * prebursal * papille just in front of the
bursa, or within the bursa just behind its attachment to the
body. In the females of some Nematodes there is a pair
of papillz in the neighbourhood of the vulva.

In many free-living Nematodes * eye-spots,” or ocelli,
are present. These consist of masses of pigment within the
body-cavity, in intimate connection with the cesophagus,
and sometimes surmounted by a hyaline body acting as a
lens. Such organs are unknown among the parasitic forms.

Excretory System.

In its simplest form the excretory apparatus consists of a
single unicellular gland-like organ, termed by Cobb the
“ renette,”” usually situated in the cesophageal region, and
connected with the exterior by a very narrow ventral duct,
Such a simple excretory cell occurs not only in many free-
living forms, but also in some of the more primitive parasitic
genera, and even in the larvie of some of the more highly
specialized forms. In the majority of the latter, when adult,
there is a pair of lateral excretory canals, embedded in or
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closely connected with the lateral fields. These canals run
throughout almost the entire length of the body, and are
connected in the cesophageal region by a transverse ventral
** bridge,” to open into a narrow ventral duct leading to a
small excretory pore. In some forms (e.g. some of the
Oxyuridz) there is a relatively large bladder-like expansion
connected with the terminal excretory duct. In some cases
the canal of one side (usually the left) is larger than that of
the other, while in certain highly specialized forms (the
Anisakine and some Anguillulinide) only one canal is
normally developed. In the Anisakina the canal of the
right side is more or less rudimentary or absent, while that
of the left side is partly modified into a ribbon-like ** gland,”
and the pore is situated very far forward, sometimes actually
between the bases of the subventral lips. Both canals appear
to be absent in the DiocroriymorpeA and TRICHINELLOIDEA,
and occasionally in other groups *.

In certain Rhabditide additional lateral canals have been
described in the posterior part of the body, opening by separate
pores and sometimes having contractile ampulle at their
blind ends.

The protoplasmic covering of the whole canal system almost
invariably contains only three nuclei. Two of these are
connected with the terminal duct, while the third belongs
to the two lateral canals, and, when these are paired, is
situated asymmetrically (usually on the left side) near the
opening. The excretory system appears to contain no cilia
or flame-cells,

** Phagocytic organs,” in the form either of giant cells or
of branching plasmodia projecting from the lateral fields into
the body-cavity, have been described in certain species,
particularly among the Ascaride. These organs are said to
act as filters for the removal of bacteria or other foreign
particles from the fluid of the body-cavity.

Respiration.,

Special circulatory and respiratory systems are entirely
lacking in the Nematodes. The fluid of the body-cavity may
possibly carry oxygen to the organs bathed in it, but the
oxygen requirements of most parasitic species (or at least of
those which live in the lumen of the intestine) appear to be
almost negligible.

* A system of classification, based on the presence or absence of
the excretory canals, was proposed by von Linstow (1905), but has not
been generally adopted. He divided the Nematodes into three groups :
Secernentes, having canals in the lateral fields; Resorbentes, having
lateral fields without canals; and Pleuromyarii, in which lateral fields

were absent,
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Reproductive System.

With few exceptions, the sexes are separate among the
Nematodes. Hermaphroditism and parthenogenesis, however,
ocecur in certain genera. In the bisexual forms the males are
almost invariably smaller and less numerous than the females.
In many cases the difference in size is so pronounced that the
males are liable to be overlooked in collecting, or mistaken
for immature forms. The habits and habitats of the sexes,
among parasitic species, may also be different. The female
may live almost completely buried in the wall of an organ,
such as the crop of a bird, while the male does not burrow,
but wanders freely in the lumen.

The reproductive glands in both sexes are elongate and often
much convoluted tubular or sac-like organs, closed at the free
end and continuous at the other end with the ducts by which
their products reach the exterior. In the males of some
forms which may probably be regarded as primitive (chiefly
among free-living genera) there is a pair of testes, running
in opposite directions or parallel, but both connected with a
common duct. In the majority of Nematodes, however, the
testis is single. At the free end of the testis the cells destined
to give rise to spermatozoa usually form a solid column.
Towards the other end spermatocytes in successive stages
of development are found, attached, in most families, to a
central axis, or rthachis. The spermatozoa are only exception-
ally elongate and tailed, like those of most other groups of
animals. More commonly they are rounded, conical or rod-
like cells, usually with some power of amceboid movement.
Specialized regions of the male duct may often be distinguished,
and are sometimes referred to as a vas deferens, a seminal
vesicle and an ejaculatory duct, the latter being a muscular
posterior portion opening into the cloaca. A pair of ** cement
glands ”' is sometimes present, opening into the ejaculatory
duct, and producing a substance which serves to attach the
male firmly to the female during copulation. This *° cement ”
often remains for some time after copulation as a kind of
operculum over the vulva of the female, or even as a complete
ring surrounding the body. "

In connection with the cloaca there is usually a sheath, or a
pair of such sheaths, containing a copulatory spicule or
spicules. These are chitinoid structures, varying greatly in
form in different families and genera, and serving as intro-
mittent organs, though not directly connected with the
ejaculatory duct. Their chief function is probably that of
““ holdfasts ”* during copulation, or instruments for expanding
the lumen of the vagina. In many cases they probably act
as * gutters ” for the conveyance of the sperm, while it has
been suggested that they are also used as organs of excitation.
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Their extrusion and retraction are brought about by special
extensor and retracton muscles connected with the sheaths.
In many genera the two spicules are equal in length and similar
in form. They may, however, be of different shapes though of
approximately equal length, while in many cases (particularly
among the FILARIOTDEA) they show a more or less pronounced
inequality in size and at the same time a marked dissimilarity
in shape. As a rule in the FruariorpEa the left spicule is
the longer. .In the family Heterakide, on the other hand,
when the spicules are unequal, the right spicule is usually
longer than the left. In some families and genera there is
only one spicule, or spicules are entirely lacking.

'In the males of many genera there is, in addition to the
spicules, another chitinoid structure (or one or more pairs of
such structures) formed as a thickening of the dorsal wall
of the cloaca, and often appearing to serve as a guide for the
spxcules. This structure is usually called an ‘° accessory
piece  or ** gubernaculum.” A further chitinoid supporting
structure is sometimes developed in connection with the
ventral wall of the cloaca, especially in the STRONGYLOIDEA,
and has been named by Hall the * telamon.” Unfortunately
there has been a good deal of confusion in the application of
these terms, and the structures for which different authors
have used the same name are clearly not always homologous.
It seems best, therefore, in most cases to retain the old term
 accessory piece.”

In some free-living forms there are modified preanal or
postanal papille on the ventral surface of the male (usnally
in & median row), having frequently a more or Jess complex
chitinoid framework. These arc probably clinging organs
assisting in copulation, and are commonly referred to as
** supplementary organs.” Of a somewhat similar nature is
the preanal sucker or sucker-like organ met with in the
Heterakidz and Kathlaniidz, and ocecasionally in other groups
of parasitic Nematodes. This is a depression in the cuticle
supplied with special muscles, and provided, in the Heter-
akine, with a well-defined ring-like supporting structure of
thickened cuticle.

The genital tubes of the female are, in the majority of cases,

paired. Generally speaking, there is a muscnlar vagina,
leading into an undivided portion (often called the = common
trunk ) of the uterus, and the latter divides to form two
branches, each ending in a separate ovary. In what may be
considered the more primitive types, the wvulva (which is
always ventral) i8 situated in the middle region of the body,
and the two genital tubes, communicating with it by a short
vagina, extend towards the opposite ends of the body. The
position of the vulva, however, has been shifted, in various
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groups, towards one or other of the extremities, and this has
led to many modifications in the arrapgement of the genital
tubes. It is, of course, obvious that a number of arrangements
are possible. The two tubes may, as already described, diverge,
more or less at right angles to the vagina, in opposite directions.
In this case they are commonly spoken of as being ““ opposed,™
or by Railliet and some other authors as “ divergent.” On the
other hand, they may be connected with the vagina in such a
way as to run, parallel to each other, towards the anterior
or posterior end of the body. In this case they are usually
said to be “ parallel.” * EKach of these two main types of
arrangement is susceptible of various modifications, for which
Seurat has elaborated a system of terminology. The opposed
type he names “ amphidelphy,” and forms in which it occurs
are called * amphidelphs.” The condition in which the
genital tubes are parallel is termed “ opisthodelphy ™ or
*“ prodelphy,” according to whether the tubes run backward
or forward from their junction with the vagina. Seurat
considers that * prodelphy " is the primitive condition, and
that it has been preserved in such forms as Heterodera and the
majority of Oxyuride. In certain other groups, in his view,
““ prodelphy * has been secondarily acquired (presumably by
way of * amphidelphy ”’). Whatever their arrangement, the
female genital tubes, like those of the male, show a differentia-
tion into various regions. At the distal end of each is an
ovary, which varies in form from a relatively short cone to
an enormously long and coiled thread. In the ovary the
oocytes are formed in the same manner as the spermatozoa
in the testis. There is a distal germinative zone in which
the cells are packed together in a solid mass, or in a single row,
and a proximal zone of growth in which they are usually
attached for some time to a central rhachis. Passing further
along the ovarian tube, the germinal cells become free. Ulti-
mately they pass through an oviduct (often of narrower
calibre) into the uterine branch. At the distal end of this
there is sometimes a specialized receptaculum seminis, in
passing through which the ova are fertilized. In any case,
fertilization takes place in the uterus, and after this, as a rule,
a firm shell of a chitinoid substance is secreted round the egg.

The wall of the ovary is composed of an outer membrane
(tunica propria) and an epithelium of elongate, spindle-
shaped cells. The walls of the oviduct and uterus are pro-
vided, in addition, with a layer of transverse muscle-fibres
between the outer membrane and the lining epithelium.

* The term *‘ convergent,” sometimes used in this sense, seems
unfortunate and liable to be misleading.
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The lining of the uterus sometimes consists of very large,
elongate, flattened cells with several nuclei. The uterine
})rnnehes, and their ovaries, are occasionally more than two
in number (usually a multiple of two), and occasionally
numerous, in forms in which they are parallel.

_The displacement of the female genital aperture towards
eft-hcr end of the body, in forms in which the genital tubes
were presumably originally opposed, has led in some cases
to the great reduction or complete disappearance of one of
the tubes. This is most frequent where the vulva is near the
posterior end. The posterior uterine branch sometimes
remains in a vestigial condition as a short egg-Teservoir,
without an ovary. In two small orders of parasitic Nematodes,
the 'I.‘mgzmxm‘mlm:.& and DriocToPHYMOIDEA, the genital
tube ls.m_vnriably single in both sexes. In the former the
female is ** opisthodelphous,” in the latter “prodelphous.” In
both groups the germinative area of the testis or ovary extends,
according to Rauther, along its whole length as a tube or as
a strip along one side, and there is no rhachis. These peculi-
arities are considered by Rauther of such importance that he
places the forms possessing them in a special group. which
he names Horocoxia, while all the rest of the Nematodes
(in which the gonads have a terminal germinative zone) are
classed together by him as TELOGONIA. i

The vagina, in its simplest form, is a cylindrical duct with
a cuticular lining which is continuous with the extern
cuticle of the body, and having a muscular coat consisting
of one or more layers of circular fibres and an inner layer o
longitudinal fibres. It is of very variable Jength in different
groups, and frequently becomes very complex in structure.
The term ‘‘ ovejector ' has been applied by Seurat to the
whole of the organ here called the vagina. This name, how-
ever, is better restricted to certain special structures often
connected with it, which appear to control the passage of eggs,
or to prevent them from returning in the direction of the uterus.
There may be only one such ovejector, situated near the vulva
and taking the form of a specially modified portion of the
muscular duct, as in many FILARIOIDEA. In many of the
STRONGYLOIDEA, however, there are paired ovejectors con-
necting the two uterine branches with the unpaired portion
of the vagina. These generally consist of a glandular portion,
nearest to the unpaired duct, and a muscular portion or

sphincter.
DEVELOEPMENT.

Nematodes may be oviparous (producing eggs which hatch
some time after deposition), ovoviviparous (producing eggs
which may or may not have firm shells, and which hatch
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immediately after deposition) or viviparous (producing eggs
which hatch while still contained in the uterus). The majority
both of free-living and parasitic forms are oviparous. In the
former and in the more primitive parasitic genera the number
of eggs produced by an individual female is usnally relatively
small, and their size relatively large. In the more highl:y
specialized of the parasitic forms., however, a very much
larger number of eggs is usually produced, and these are very
much smaller relatively to the size of the parent worm.

The egas are usually of a regular ovoid shape, but show
much variation in different families, being sometimes nearly
cylindrical, sometimes barrel-shaped, sometimes subglobular
or quite spherical, and occasionally lenticular. Among the
Oxyuride they often have one convex and one more or less
flattened surface, and may even sometimes be described as
** banana-shaped.” In the eggs of certain families and genera
polar plugs or opercula are present at one or both ends of the
shell, and in other cases there may be at one or both poles a
filament or a bunch of filaments. The function of such fila-
ments is probably in some cases to keep the eggs together
in clumps, so as to ensure multiple infection of the host-animal
which swallows them ; in others they are known to serve for
the attachment of the eggs to vegetation. The surface of
the egg-shell may be smooth or variously sculptured or
ornamented. The origin of the egg-shell has not yet been
satisfactorily explained. Immediately after fertilization the
ovum secretes round itself a thin vitelline membrane. Some
authorities think that the formation of the more or less stout,
chitinoid shell is merely a continuation of this process, while
others believe that the shell is secreted by the walls of the
uterus. While an additional coat is apparently, in some
species, deposited on the shell by * varnish glands ” situated
in the vagina, it is doubtful whether glandular cells capable of
secreting the shell-substance exist in the uterus.

In ovoviviparous and viviparous forms the egg-shell is
usnally represented by a thin, elastic membrane, which may
clongate and adapt itself to the shape of the developing
embryo.

It is not intended here to deal with the embryology of the
Nematodes, the details of which may be found in general
text-books of invertebrate zoology and embryology. It will
be sufficient to state that Nematodes do not undergo any
pronounced metamorphosis in the course of their development.
A young Nematode, at birth, or on hatching from the egg,
has the typical external form of the group. It may, in fact,
be said that at this early stage the larva is often a more typical
Nematode than its parents, for considerable modifications
in shape may occur in the adult.
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The development of the embryo within the egg is not, in
the majority of forms, completed until some time after ovi-
position, the contents of the eggs, when laid, being either in
an unsegmented condition or in the early stages of segmentation.
In such cases the eggs usually reach the exterior with the faeces
of the host, and a period of time varying from a few days
to several weeks, and partly dependent upon conditions of
temperature and moisture, must elapse before the embryos
are ready to hatch. In some of the more highly specialized
parasitic forms an embryo is already fully developed in the
egg before oviposition. These are commonly forms requiring
an intermediate host for the development of the larva, and their
eggs do not, as a rule, hatch unless first ingested by a suitable
host.

The young Nematode, on leaving the egg, is usually what is
termed a “ first-stage larva.” The larval period is divided
into a succession of stages by moults or ecdyses, of which there
are usually four. At each moult the outer cuticle becomes
detached, together with the linings of the mouth, msophagus
and rectum. As each new cuticle is formed beneath the old
one about to be moulted, various changes may occur in the
structure of the mouth and other cuticular parts of the larva,
while the gradual differentiation and development of its
internal organs are also proceeding. The sceondr of these
moults is often of special importance in the life of a Nematode.
If a parasitic form, it is at this point that it reaches the
“ infective * stage, and, ceasing to live and feed like a fr‘e(}—
living form, awaits the opportunity of entering a host. This
infective stage is, in certain genera, reached bc;forc hatch.m'g
from the egg. Generally speaking, however, 1t follows E“‘O
periods of active feeding and growth, separated by the first
moult. The nature of the food taken by larval l'\emx_ttodcs
has not yet been very fully investigated, but there is evidence
that in many cases it consists principally of bacteria. At _ull
events, cultures of Bacillus coli have been found to provide
very suitable food for the larvee of several kinds of STRONGY-

1A :
mezz‘squently the second cuticle.is not shed at once, but is
retained as an additional protective envelope or sheath which
enables the larva to withstand many adverse conditions.
The third-stage larva, in its sheath, may be able“to with-
stand apparent desiceation for long pcnod::, and to ** come to
life * again when exposed to moisture. This extra power ot
resistance in the third-stage larva is extremely useful to many
parasitic forms, enabling them to survive on vegetation or il
comparatively dry soil until an opportunity occurs of lnvadxnf;
a host. It also assists them in the ‘dungerous passage through
the stomach of the host, by protecting them against the action
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of the gastric secretion. In the safer alkaline medium of the
in{;{stinal contents the old second cuticle is usually promptly
shed.

The genital organs, represented in the earlier stages by a
small mass of cells (“ genital rudiment”), undergo little
development, as a rule, until the fourth stage. The genital
rudiment, in both sexes, then becomes elongated and takes
on the form of a tube, or paired tubes, gradually acquiring
the disposition and differentiation into various regions found
in the adult. The sexes are thus often distinguishable during
the fourth larval stage. The rudiments of the accessory
sexual organs of the male (spicules and accessory piece) are
usually laid down towards the end of this stage as solid masses
of cells. After the fourth moult the development of the whole
of the genital organs proceeds rapidly, and the worms quickly
assume the character and functions of adults.

BioNoMIcs AND LIFE-HISTORY.

A very large number of species of Nematodes are free-living.
Broadly speaking, these comprise forms inhabiting the soil,
fresh water, and the sea or its shore, and are mostly of very
small size. The terricolous and freshwater forms include many
which live in decomposing organic matter of the most varied
kinds, and others which show various degrees of association
with other organisms, both vegetable and animal, as temporary
parasites or as commensals. Many, such as the vinegar-eel
(Anguillula aceti), probably subsist chiefly on bacteria.
Aquatic species seem to feed mainly onyalge and diatoms.
The Anguillulinide attack the roots or other parts of plants
by means of a specially developed piercing organ or stylet.
Some species only pierce the outer cortex, presumably for
the purpose of feeding on the juices. Others penetrate more
or less deeply into the tissues, while some are responsible for
the production of galls and other deformations of the plant.
Some free-living forms, notably the members of the genus
Mononchus, are carnivorous, and their prey often consists of
other Nematodes. Many species live in more or less close
association with other invertebrate animals, as commensals—
in the cavities of sponges and corals, for example, or in the
galleries formed by the larve of wood-boring beetles. Some
forms appear to make use of insects as means of transport,
being often found, for example, under the wing-cases of beetles.
A remarkable case of apparent commensalism .w1t-h a verte-
brate is that of Odontobius ceti, which occurs in colonies on
the surface of the baleen-plates in the mouths of whales.. '

From such associations it isan easy step to genuine parasitism,
and of this all degrees may be found. With the development
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of the parasitic habit, many Nematodes seem to have assumed
the power of growing to a much larger size, while the parasitic
forms also show a much greater range of variety in structure
and adaptive specialization than their free-living relatives.
The most striking specialization has taken place in the direction
of increased fertility, as is often the case with internal parasites.
It has been estimated that a single hookworm may produce
as many as 9,000 eggs a day, and a single Ascaris between
230,000 and 250,000 a day. This high rate of reproduction,
of course, tends to compensate for the high rate of mortality
in creatures which depend so much upon chance for their
entry into suitable hosts. Of the *° degeneration ™’ which is
commonly said to result from parasitic habits there is little
trace among the Nematodes, beyvond the loss of * eyes ™ and
prominent sensory bristles, which would be of no service to
them in the interior of the host. Such organs, however, are
not always possessed by the free-living forms.

The Nematode parasites of invertebrates fall into several
categories, according to their different types of life-history.
Some (such as Allantonema, Spharularia) have an adult stage
in the hydy-cavity of an invertebrate host, but pass the rest
of their life-cycle (which may include a bisexunal geue_mt;xon)
as free-living organisms. Others, such as the Mermithida,
pass only part of their larval period as parasites in the body-
cavity, the adults being free-living. Others again (chiefly
Oxyurida), which inhabit the alimentary canal of sn_m’h
creatures as contipedes, cockroaches and beetles, are parasitic
thronghout all their stages, only the eggs having any existence
outside the host. Lastly, there is a large assemblage of forms
whose larvae are found encysted in invertebrates, and cannot
develop into adults until ingested by a vertebrate.

The Nematode parasites of vertebrates exhibit the greatest
diversity in specialization and adaptation to their hosts, in
habitat, in mode of life and in developmental history. The
most primitive types, probably, are those which have a di{(‘.ct
development, without the intervention of an intermediate
host, These are forms such as the Oxyurida and Heterakidas,
some Ascaride and most of the StroNGyLoipea, They
inhabit the lumen of the alimentary canal, and many of them
¥eed on partly digested organic matter, on mucus, or on
bacteria and Protozoa, being thus comparatively harmless so
far as the host is concerned. Some of them, however, have
developed the habit of clinging by the mouth to the mucous
membrane, and this has led in some cases to more injurious
activities, through the partial destruction of the membrane.
Many of the STRONGYLOIDEA, for example, ingest cellular
elements from the mucosa itself, or feed on blood escaping
from damaged capillaries. There is evidence that some
. NEM, (0
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them produce histolytic and anticoagulant secretions, and
that external digestion plays a part in their feeding processes.

Many forms, instead of living free in the lumen, or merely

.attaching themselves to the walls of the alimentary canal,
burrow into glands or excavate galleries in or beneath the
lining, or even cause the production of tumours in the thickness
of the walls.

Apart from the alimentary canal, there is hardly an organ or
tissue of the body that may not be the habitat of some kind of
Nematode. Thus the trachea, bronchi, bronchioles and lung
tissue may be invaded by * lungworms,” the heart and blood-
vessels by Filariids and other forms, the serous cavities,
peritoneal, subcutaneous and intermuscular connective tissue,
and the urinogenital system, by worms belonging to various
families. Adult worms rarely occur in situations from which
their eggs or larva have no means of escape to the exterior,
and when they do so occur must be regarded as * erratic ”’
parasites. Larval forms, however, usually in an encysted
condition, may be found in almost any situation.

In the direct type of life-history the infection of the host
may take place either by means of eggs or by means of larve.
In the former case a period of exposure in the open (usually
a matter of some weeks) is necessary for the development
of the contained embryos to the infective stage. The eggs,
on being swallowed by the host, generally do not hatch in the
acid environment of the stomach, but do so on reaching the
upper part of the intestine, where they meet with an alkaline
medium. In a comparatively small number of cases the larva
remain within the intestine, undergoing their remaining
moults there and growing to maturity. The larvae of some
species burrow temporarily into the mucosa or submucosa,
and may form cysts there, to emerge later into the lumen.

Probably in the majority of cases, however, a much more
complex course is followed between the hatching of the larvas
‘and their arrival in their final habitat. After hatching, the
larva proceed at once to burrow into the walls of the intestine
and penetrate into the small mesenteric veins or into lymphatic
vessels. Thence they are usually carried by the blood-stream
of the portal system to the liver, on again to the heart, and by
way of the pulmonary arteries to the lungs. Forms which
live in the blood-vessels may, of course, proceed no furthep
in their migration. In other cases the larvm ultimately rupture
the capillary vessels in the lungs and escape into the alveoli
and bronchioles. Should the habitat of the species be the
air-passages, the course of migration may stop here ; byt
many intestinal parasites follow the same route, and cox,xtinue
it further.. Passing up the bronchi and trachea, they enter
the mouth and are swallowed a second time, Some growth
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and development have usually taken place during the passage
through the lungs, and the larve now remain in the alimentary
canal and, having undergone the final moult, become sexually
mature.

In the case of placental mammals, the migration by way
of the blood-stream involves the possibility of prenatal in-
fection, and this occurs, for example, in dogs and cats, should
the female, a few days before the birth of the young, have
ingested the eggs of Ascarids or become infected with the
larva of hookworms.

As has already been mentioned, infection may take place
by means of larvae. The infective (third stage) larve may be
ingested passively by the mouth, as is the case, for example,
with many of the STroNGYLOIDEA parasitic in herbivorous
animals. The larvae of these forms frequently have the habit
of climbing up on to the grass when it is wet with dew or rain.
The infective larvae of certain other forms, such as the hoolk-
worms and Strongyloides, have the power of actively pene-
trating the skin of the host. Thus infection may take place
through contact with soil which contains the larve. After
entering the skin, the larvee find their way into the blood-
stream, and follow a course of migration within the body
similar to that which has been described above.

A quite different type of life-history is that in which develop-
ment is indirect, and the larvae pass through one or more
intermediate hosts before entering the definitive host. As
has already been mentioned, encysted larval forms are very
common among the tissues of both invertebrates and verte.
brates. So far as is known, the whole of the family Spiruridz
(using this term in a wide sense, corresponding with the super-
family Spiruroidea of many authors), have a life-history of
this kind, their normal first hosts being invertebrates. The
eggs are swallowed by the invertebrate host, and the larvae
hatching from them in its alimcnh}ry canal make their way
into its body-cavity or connective tissue, where_they generally
become surrounded by a capsule or cyst derived from the
host’s tissues. They undergo the first two moults, and await,
as third-stage larve, the chance of the first host being devoured
by the second or definitive host. In many cases t-.he animal
to which the first host is most likely to fall a prey is a verte-
brate to which the parasite is well adapted, and in which it
can complete its development to maturity. Sometimes,
however, the normal second host is a herbivorous animal,
and in this case it seems that the fortunes of t_‘he parasite
must depend upon the chance of the first hos_t being ingested
accidentally by the second with the vegetation upon which
it feeds. ISven when the normal second host is a carnivorons
animal, it frequently happens that the larva, contai)ned in its

cZ
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final host, is ingested by some other vertebrate in which it is
incapable of attaining maturity. This may often prove fatal
to the parasite, but is not necessarily so, since the larvie of
some forms, such as Spirocerca, are capable of becoming re-
encysted in various kinds of small vertebrates. The latter
may thus act as second intermediate hosts, and may, in their
turn, fall victims to a suitable final host. ¢

Certain other groups, such as the subfamily Anisakine
of the Ascarids, and the family Dioctophymide, appear to
have a life-history very similar to that of the Spiruridae.
Their encysted larvae occur chiefly in fishes or batrachians,
and their adults in animals which préy npon these hosts.
Some of them appear also to make use of an invertebrate as
first intermediate host, but it is not yet known whether this is
the general rule.

Finally, the highly specialized life-history characteristic of
the Filariids must be mentioned. In this family the inter-
mediate hosts, or vectors, are usually mosquitoes or other
blood-sucking flies. The adults live in the connective tissue.
blood-vessels, lymphatic system or serous cavities of verte-
brates, and the females are VIVIDATOUS Or OVvOviviparous.
The first-stage larve, or microfilarim, find their way into the
blood-stream or into the lymphatics, whence they may be
taken up by the vector in the act of suction. Unless so taken
up by a suitable insect, they are unable to develop heyond
the first stage. Within the insect they usually migrate from
the stomach to the thoracic muscles, and here continue their
development, undergo at least one moult, and may grow to
many times their original size. Ultimately they migrate
towards the head of the insect, and many of them collect
in the labium. When the insect bites they travel down this
organ and emerge from it on to the skin of the animal bitten.
They then at once proceed to penetrate the skin, enter the
lymphatics or blood-vessels, and are thus carried to the site
in which they are able to develop to maturity.

Trp RELATIONSHIPS BETWEEN PARAsTIic NemATODES
AND THEIR Hosrs,

There iz 4 common belief that all parasites, and more
especially internal parasites, are injurious to the health of
their hosts. Though this idea may contain an element of
truth, it certainly requires much qualification. Parasitic
worms of one kind or another oceur in nature in almost every

. species of vertebrate, and often in almost every individual
of the species, They are frequently present in large numbers
without producing any visible signs of disease or discomfort.
All the available evidence points to the conclusion that internal
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parasites are a normal feature of the life of most animals,
and that in the process of evolution certain parasites and certain
hosts have become mutually adapted to each other. There
clearly exists between the parasite and its host a certain state
of equilibrinm, and =o long as this is not disturbed by any
abnormal circumstances the well-being of the host is not,
as a rule, seriously affected. When, as is often the case with
domestic animals, diseased conditions do make their appear-
ance as a result of parasitic infection, this is generally due to
some interference with the normal conditions of nature.
Most of the parasitic diseases of farm stock, for which Nematodes
are often responsible, are directly due to overcrowding,
insanitary housing, malnutrition and the lack of adequate
provision for frequent changes of pasture. In consequence
of these conditions abnormally heavy infections are acquired,
the resistance of the hosts is lowered, and their health may be
very serionsly affected by parasites which appear compara-
tively innocuous when present in smaller numbers, or when
they occur in closely-related wild animals.

There are a number of ways in which internal parasites may
do damage to their hosts. Broadly speaking, the kind of
damage done falls into two categories—mechanical and
physiological. Mechanical damage to the tissues may be
done by larval Nematodes in the course of their migration,
and also, in exceptional cases, by adult forms which: wander
about the body. Occasionally the ducts of important organs
may be blocked ; Ascaris, for example, may block the bile-
duct, with more or less serious results. Sometimes skin-
penetrating larvee, or worms burrowing and migrating among
the tissues, may introduce, or pave the way for, bacteria and
other pathogenic organisms, and thus indirectly cause disease.

A striking example of the effects that may follow upon
what might be called ** parasitic starvation ” is furnished by
the Mermithide. The larvae of these worms, which live in
the body-cavity of insects, and there grow to a very large
size, appear to feed by the absorption of the body-fluid (blood)
of their hosts. In so doing they deprive the organs of the
insect of their proper nourishment, with the result that the fat-
hody of an infested insect is often found to be almost non-
existent. Further, in many cases the development of the
genital glands is arrested and the insect rendered sterile.
This physiological castration may even show itself in changes
in the external appearance of the insect. Among ants, for
example, individuals infested with Mermis are sometim
deprived of the power of flight, and changes in the outy
appearance of infested males, females and workers ha
to such individuals being distinguished as * mermitl
“ mermithogynes " and ** mermithergates.”
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A clear distinction between mechanical and physiological
effects is not always easy to make in the case of parasites
of the alimentary canal. The mere abstraction by the
parasites of a certain amount of partially-digested food may
have little or no appreciable ill-effect. If, however, the
parasites feed at the expense of the host’s blood, or upon the
cellular elements of its tissues, their attacks may produce
lesions which are primarily of a mechanical nature, but lead
to more or less profound physiological disturbances. To take
an example, human infestation with hookworms may lead
not only to ulceration of the intestinal walls, but to a severe
form of anmmia. Further, especially in children and adoles-
cents, it may have still more far-reaching effects, leading to
a general arrest of development, both physical and mental.
Here, therefore, it seems almost necessary to assume that
something more than mere mechanical injury is involved.
There is, in fact, a growing mass of evidence to the effect
that many parasitic worms produce toxic substances which
may, in given circumstances, be absorbed into the blood
of the host and affect its physiological constitution. How and

~ why such toxins are produced by the parasites are questions
which have not yet been satisfactorily answered. We know,
however, that worms, in the same way as bacteria and other
micro-organisms, can act as antigens and cause the production
of antibodies in the blood of the host. Not only can the
presence of parasites often be detected by appropriate comple-
ment-fixation and other serological tests, but a light infection
with a given parasite is often found to confer a certain degree
of immunity against subsequent infection with the same
parasite. :

It has already been mentioned that histolytic and anti-
coagulant secretions appear to be produced by the ceso-
phageal or cephalic glands of some Nematodes, Many species
which simply attach themselves by the mouth seem to produce
a kind of liquefaction of the host’s tissues near the point of
attachment, and apparently feed on them in this predigested
form. Others also, such as Spirocerca, which cause the forma-
tion of nodules or tumours, apparently feed on an amorphous
mass produced by the liquefaction of the interior of these
growths.

" The host’s tissues frequently behave towards an invading
parasite in the same way as towards any other foreign body.
That is to say, a local inflammatory reaction is set up, leuco-
cytes (mainly eosinophil in the case of a worm parasite) swarm
round the offending object, and by the organization of these
cells a capsule of fibrous tissue is formed. A “ worm-nodule
thus usually consists of a more or less hard fibrous capsule
gurrounding a caseated mass in the centre of which lies the
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parasite. If the parasite dies, and sometimes even before its
death, the mass usually becomes calcified, and this process
ultimately involves the parasite itself.

The inflammation set up by tissue-invading Nematodes-
does not, however, always lead to the formation of nodules.
It may lead to hypertrophy of the invaded tissue, and to more
or less marked changes in its nature. The new growth of
tissue may even become malignant, and this brings us to the
vexed question of the part played by Nematodes (as well as
other worm parasites) in the causation of cancer. This is
not the place for a discussion of this question, and it will be
sufficient to say that, while suspicion attaches to a number of
species of Nematodes, the evidence against most of them is
still incomplete. The two best-authenticated cases are
Gongylonema  neoplasticum and Capillaria  gastrica, both
parasites of the cardiac portion of the stomach of rats, and
both apparently capable, under natural and experimental
conditions, of inducing carcinoma. But even in these cases
we are as yet ignorant of the other factors that may be involved,
and it cannot be assumed that the worms are directly re-
sponsible for the formation of the new growths.

SPECIFICITY.

The limitation of a given parasite to a certain kind of host.
or to certain closely-related hosts, is a phenomenon met with
in varying degrees in all groups of parasites, and usually
called specificity. Among the parasitic Nematodes some
genera and families show a very marked degree of specificity,
while others have a wide range of hosts which may not be at
all closely related. There is a tendency, as might be expected
on the hypothesis of parallel evolution, for highly-specialized
hosts to harbour parasites which are themselves highly
specialized and do not occur in other hosts. In elephants,
for example, we find a whole series of genera of Nematodes
which are peculiar to these animals. Representative species
of the genera frequently occur in both the Indian and the
African elephants, but not identical species. From this it
seems reasonable to conclude that the common ancestor of
the two types of elephant must have harboured a series of
Nematodes which were already diverging from those found
in other animals, and which were the ancestors of the forms
existing to-day. The gradual divergence of the hosts must
have been accompanied by a similar divergence of the para-
sites. In such a case as this it seems evident that the pre-
dominant factor in determining the range of the parasites
must be the blood-relationship of the hosts. :

Such clear cases of specificity are, however, comparatwely
rare among Nematodes. While it is true that few generd
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occur in hosts belonging to different orders of vertebrates,
and still fewer in hosts belonging to different classes, neverthe-
less instances do occur in which the habits of the hosts seem
to have had a greater influence on the distribution of the para-
sites than their relationships. Among the Ascaridam, for
instance, species of certain genera such as Porrocmcum and
Contraczcum, whose larve occur chiefly in fishes, are found as
adults in fish-eating animals of all classes (mammals, birds,
reptiles and fishes).

In a discussion of this subject published some years ago *,
the writer brought forward evidence which seemed to show
that Nematodes having a direct life-history are, on the whole,
more strictly limited as to their definitive hosts than those
whose life-history is indirect. As a tentative explanation
of this it was pointed out that the larve of the former enter
the final host at an earlier stage of development than those of
the latter, and are therefore, perhaps, less tolerant of hosts
to which they are not perfectly adapted.

Baer f, who has recently attempted to analyse the distribu-
tion of the genera of Nematodes among the principal orders of
vertebrates, finds that the figures form an ascending scale
from the lowest class (fishes) to the highest (mammals).
While little significance, perhaps, can be attached to this
result (the analysis takes no account, for instance, of the
relative numbers of species, genera and families in the host-
groups), it lends some support to the view that as the hosts
became more highly specialized, so did their Nematode para-
sites, thus necessitating the formation of more numerous
generic concepts.

TECHNIQUE.

It may be useful to deseribe some simple methods of collec-
ting and preserving Nematodes, and of preparing them for
microscopic examination.

(a) Collecting.
Free-living Forms.

Some of the species living in soil or fresh water, or in sand
and among seaweeds on the sea-shore, are large enough to
be easily seen. Mud, =and, weeds and the roots of plants
may be washed in water, and the washings examined in a
Hat dish. Sometimes it is useful to pass the washings first
through a wire screen in order to remove the coarser particles,
The dish in which they are to be examined should preferably
be of glass, so that it may be examined over a dark or a light

* Journ. Linn. Soe. Lond., Zool. xxxvi, p. 13 (1924),
T Bull. Soc. Neuchiitel. Sei. Nat. Iviii, p. 57 (1934).



INTRODUCTION, =)

background, or by transmitted light, as may be required, and
only a shallow depth of water should be examined at a time.

The majority of the free-living forms, however, are so small
that a lens, or preferably a binocular dissecfing microscope,
must be employed in order to find them. The worms may be
picked out with a fine glass pipette or with a needle mounted
in a handle. For very small specimens a mounted bristle
or, better still, a flat barb from a feather is more useful than
the finest needle.

Whenit is desired to collect small specimens in largenumbers,
the material may be sifted through filters of mcreasingly
fine-meshed wire or muslin. When the worms are compara-
tively free from coarse material, they should be washed off
into a tall vessel of water, in which the heavier particles will
rapidly sink, and since the worms, being lighter, will settle
more slowly, they may be quickly decanted off into another
vessel. The worms in their turn may now be allowed to
settle, and the supernatant muddy water poured off. The
“ Baermann apparatus ¥ may also be used for extracting
Nematodes from soil and other materials. The method is
as follows :—A funnel, having attached to its neck a short
piece of rubber tubing, closed by a clamp, is supported on a
stand, and partly filled with warm water (about 40°—42° (.,
or 104°-108°F.). A portion of the material, tied up in muslin®,
is then placed in the funnel, so that the water is in contact
with its lower surface. The warmth will stimulate the worms,
which will migrate out into the water, and in the conrse of an
hour or so will gravitate down the neck of the funnel, and may
be drawn off into a centrifuge-tube or other vessel,

Parasitic Forms.

When dissecting an animal in order to search for internal
parasites, as thorough an examination as possible should
be made not only of the alimentary canal, but of the whole
body. Intestinal worms should alwavs be collected and
preserved as soon as possible after the death of the host. as
the process of decomposition may cause them to deteriorate
very rapidly.

When parasites are found in nodules or tumours in the walls
of the alimentary canal, or embedded in the tissues, it is
desirable to make an attempt to extract them while fresh,
as this may become very difficult after the tissues have been
hardened by preservatives. Some of the nodules should,
however, be cut out and preserved intact, with a portion
of the surronnding tissue.

* If the muslin is new, the dress<ing should first be removed from
it by soaking it in water and wringing 1t out.
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In order to search for intestinal parasites, the gut of the
host should be removed and slit up with scissors (preferably
blunt-ended, to avoid damage to the worms), and after the
removal of the gross contents and any obvious parasites, the
mucous membrane should be washed with a 1 per cent.
solution of common salt, and carefully examined for the less
conspicuous forms that may be adhering to it. If salt solution
is not available, plain water may be used, but it is liable to
damage delicate species if they are left in it for more than
a few minutes.

If the host be a small animal, the whole of the gut may be
opened in a dish of salt solution or water, or opened and then
shaken up in a partly filled jar, but care should be taken, if
possible, to note the region of the gut in which parasites oceur.

Some small worms are not easily detected unless the lining
of the part under examination (e.g. the cmca of a bird) be
scraped with an instrument such as the back of a knife, and
the scrapings shaken up in the washing fluid. This may
then be turned out, a little at a time, into a flat dish, and the
worms picked out as described above. A better plan in some
cases is to use a tall jar, and allow the mixture to stand in it
for a few minutes. The worms will sink to the bottom,
and most of the dirty fluid may be gently poured off. Clean
fluid is then added, and the process repeated until the worms
are comparatively free from other matter.

Small worms may be collected by this method of sedimenta-
tion from the stomach and intestines of large animals. It is
best to deal with the stomach, small intestine and large intestine
separately. The intestine should be freed from the mesentery,
straightened out and opened. Its gross contents having
first been washed and sedimented, parasites still adhering
to the lining may be obtained by scraping the wall or stripping
it between the fingers, and washing the material thus collected.
The Baermann apparatus may be used, as described above
for free-living forms, for extracting small Nematodes from
fiecal matter, or even from chopped-up lung, liver and other
tissues.

All Nematodes inhabiting the alimentary canal should be
thoroughly washed before being preserved, in order to free
them from mucus and other matter. This is best done by
shaking them up in a tube or jar of salt solution or water.
Vigorous shaking will not, as a rule, damage the specimens,
and will often remove mucus and débris from the mouth-
cavity or bursa, which it may be very difficult to clean after
preservation. Some long, slender and active species tend to
become much tangled during the washing process, and to
prevent this the individuals should be kept apart and killed
as quickly as possible.
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(b) Preservation.

Owing to the resistant nature of the cuticle of most Nema-
todes, hot fluids are almost indispensable for preserving them,
if good specimens are to be obtained. There are, however,
certain forms, such as the tissue-inhabiting Filariids, for which
cold fluids appear to be better, as heat is liable to cause them
to burst. Generally speaking, elaborate fixatives are un-
necessary, and fluids containing corrosive sublimate should
be avoided for Nematodes. The most useful fluids are
formalin (3-5 per cent.) and alcohol (70-80 per cent.). To the
latter, for small forms, it is often gseful to add glycerine in
the proportion of about 5 per cent. i

The larger kinds of free-living Nematodes may be killed
by immersion in hot or cold formalin, or in hot aleohol or
glycerine-alcohol. For Mermis the writer has found cold
5 per cent. formalin very successful. After a very short
immersion in this (for a few seconds only), and before they
have become stiff, these worms should be straightened by
gently drawing them between the fingers, or by laying them
on a glass plate and stroking them with two camel-hair
brushes dipped in the formalin. Once they have become stiff
they may be permanently stored in formalin.

The most convenient method of killing small free-living
forms is to apply heat to the water containing them. If only
a few specimens have to be dealt with, they may be placed
in a drop of water on a glass slide, and the slide then heated
over a small flame, or by any other convenient method.
When straightened out and immobile, the worms may be
transferred to formalin. If a large number of such small
worms are to be killed, a very convenient method is to place
them in a small quantity of water in a test-tube or centrifuge-
tube, and apply heat to the tube. The worms may then be
allowed to settle to the bottom, or be centrifuged down, as
much as possible of the water may be poured off, and formalin
may be added. If it is desired to use hot alcohol or glycerine-
alcohol as the killing fluid, the worms may be placed in a
vessel of water. As much as possible of the water is then
drained off, and the hot fluid poured over the worms. When
this has been allowed to cool, the specimens should be stored
in a fresh supply of the same fluid.

For killing parasitic Nematodes hot water is not recom-
mended, as it is liable to cause excessive stretching of the
cuticle. Hot alcohol or glycerine-alcohol, and hot formalin,
will give good results in most cases. The fluid should be kept
steaming, but not quite boiling, a temperature of 70°-80° C.
(or roughly 160°-180° F.) being high enough. If of moderate
size, the worms, after being washed, should be droppet
separately into the fluid. Enamelled iron vessels, of a width
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sufficient to allow the specimens fo straighten out, are very
suitable containers in which to heat the fixatives. It should,
of course, be remembered that the vapour of alcohol is in-
flammable. The risk of fire will be lessened if the vessel used
be not too shallow. After the fluid has been allowed to cool,
the specimens should be stored in fresh fluid of the same
kind.

If the worms are small and numerous, it may be easier,
after draining off as much as possible of the washing fluid,
to pour the hot fixative over them. When cool, the whole
may be poured into a tul*;) or bottle and allowed to settle.
The used fiuid should then be replaced by fresh.

(¢) Preparation for Microscopic Eraminalion.

Here again elaborate methods, as a rule, possess no advan-
tage over simple procedures. Staining is, in most cases, both
unsatisfactory and unnecessary. For all ordinary purposes
simple clearing is sufficient to enable the structure of the
worms to be made out. The most useful clearing agents are,
in the writer's experience, glycerine, lactophenol and beech-
wood creosote. Which of these reagents should be used
depends partly on the size of the specimens and partly on the
method by which they have been preserved. Generally
speaking, for small, naturally translucent forms glycerine
will be found to give sufficient transparency. If a slightly
higher refractive index is required, lactophenol is often useful,
while for relatively stout, opaque forms creosote is admirable.
Provided that certain precautions be observed, none of these
reagents will injure the specimens seriously, even if they are
repeatedly subjected to them.

Glycerine.—Specimens which have been preserved in the
glvcerine-alcohol mixture may be left in a shallow dish (such
as a * solid watch-glass *') of this fluid, and the alcohol and
water allowed to evaporate. [t is undesirable to hasten this
process by heat, as too rapid concentration of the glycerine
will cause serious shrinkage. The best method is to allow
the evaporation to take place at room temperature. After
two or three days the specimens will be in almost pure glycerine,
and can be transferred to pure glycerine with safety.

It is, of course, possible to transfer specimens which have
been preserved in formalin to glycerine-alcohol or any other
alcoholic medium, provided that the change be gradual. This
may be accomplished by passing them through alcohols of
gradually increasing strength—30, 50 and 70 per cent. being
usnally sufficient.

Small specimens may be mounted permanently in glycerine.
The principal difficulty is to cement the edges of the cover-
glass securely enough to prevent leakage. After a little

.
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practice it will be found possible to adjust the drop of glycerine
to such a size that it will spread just to the edges of the cover-
glass and no further. If the slide be perfectly clean, the
preparation may then be * ringed " at once with gold-size,
and this will usually be sufficient, especially if the ringing
be repeated after a day or two. As an additional precaution,
the ringing may be done first with melted glycerine-jelly, and
later with gold-size or other cement.

Instead of mounting them permanently in glycerine, speci-
mens may be transferred from this to melted glyeerine-jelly.
This medium, though not giving quite equal transparency.
has the advantage of setting solid, so that the preparations
are more easily cemented and there is no risk of leakage.
Such preparations must, however, when set, be carefully
ringed with some kind of cement, gold-size being one of the
best.

Lactophenol (Amann).—This reagent has special advantages
owing to its property of softening the cuticle and counter-
acting shrinkage. The mixture is made up as follows :—

Carbolic acid erystals.. 1 part by weight.

Lactic aeid. ... ... 1 part ,, o
Glycerine .......... . 2parts,, »
Distilled water ....... 1 part ,, ¥

The use of lactophenol for large or opague species is not
recommended, but it is excellent for the smaller forms. These
may be transferred to it direct from either alcohol or formalin,
and indeed the writer has found it a very good fixative for
living worms of certain kinds, such as Capillaria and Tricho-
strongylids. These should be picked up by one end on a
needle or bristle, gently drawn through the lactophenol in
order to straighten them, and then left in it,

Violent shrinkage often oceurs at first in specimens placed
in this reagent, but it will be found that after twelve hours
or so they have ** plumped out "’ to their natural proportions.
Permanent preparations in lactophenol are rather difficult
to cement sutisﬁlctorily.. Perhaps the best method is to
ring them first with glycerine-jelly amfl afterwards with gold-
size. Specimens may also be transferred from lactophenol
to pure glycerine or glycerine-jelly. It is, in fact, often useful.
when it is desired to bring them into glycerine, to pass them
through lactophenol, and so avoid the necessity for the
slow process of evaporation described above.

Specimens, especially if too large to be mounted pernmnently
by any of these nfothods, should not be left too long in lacto-
pimm)'l, as, after its pmlo_nged' action on the cuticle, there 18
a great risk of their bursting when transferred to other fluids.
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When it is desired to return lactophenol-cleared specimens to
formalin, they may first be simply washed in water. The same
procedure may be followed if they are to be brought into alcohol,
the strength of the spirit being increased gradually. An
alternative method is to wash the specimens directly in acid
alcohol (70-80 per cent. alcohol acidulated with hydrochlorie
acid), before storing them in spirit. This tends to prevent:
subsequent darkening of the specimens.

Creosote (beechwood).—This is by far the best clearing agent
for medium-sized and large species, as it has a relatively
high refractive index, and causes little or no shrinkage. Speci-
mens may be transferred to it directly from alcohol of any
strength, or even from formalin or water. If a large amount
of water is present, it may be necessary to change the creosote
once or twice. In clearing alcoholic specimens care must be
taken to immerse them completely and at once in the creosote,
as otherwise there is a danger of air-spaces being formed and
causing opacity. There are several simple ways of preventing
this. The specimens may be simply plunged into a dish or
watch-glass of creosote, and a cover-glass, or a piece of thicker
glass, immediately placed over them ; or they may be pushed
down with a loose plug of cotton-wool into a tube of creosote.
Another method, very useful in some cases, is to pour creosote
into a tube, and with a pipette to run a layer of alcohol on
to the surface of the creosote. The specimens are then dropped
into the alcohol, and will shortly begin to sink into the creosote.
As soon as they have done this, as much as possible of the
alcohol which has not diffused into the creosote should be
removed with the pipette. :

Small and medium-sized specimens are cleared very rapidly
by creosote, and even large worms will become quite trans-
lucent if allowed to soak in it overnight. Should there be
any trace of glycerine in the specimens, this must be washed
out before attempting to clear t.h'em.

It is, unfortunately, imposslblc_ to mount preparations
permanently in creosote, and specimens left in it too long
are very liable to become darkened, especially if transferred
afterwards to alcohol. In order to prevent discoloration,
they should be transferred from the creosote to acid alcohol.
The writer uses 80 per cent. alcohol to which hydrochloric
acid has been added in the prg:portion of about 4 per cent.
The specimens are usually left in this overnight, and washed
in a fresh supply of the same fluid, and then in plain 80 per
cent. alcohol, before being r'eturned to their bottle. Tt is

not advisable to leave them indefinitely in acid alcohol con-
taining any trace of creosote, as this seems to intensify the

darkening action.
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Portions of specimens cleared in creosote can, if desired, be
mounted as permanent preparations in Canada balsam.
For this purpose it is probably best to use balsam dissolved
in creosote, though xylol-balsam can also be used.

If, for any reason, it is desired to stain specimens in bulk
before clearing them, the cuticle should first be punctured in
several places with a fine needle, in order to allow the stain
to penetrate more readily. The writer has occasionally
obtained fairly good results with Mayer’s paracarmine, differ-
entiated afterwards in the usual way with acid alcohol. The
usefulness of this method is limited, but it sometimes brings
out details, more particularly of the genital organs, which
are difficult to see in unstained specimens.

(d) Manipulation.

It may, in some cases, be necessary to cub off portions of
specimens for separate mounting and examination. If, for
instance, it is desired to obtain an end-on view of the head
of a Nematode, this is usually best accomplished by cutting
off the head with a very small knife, or with a ground needle,
and rolling it into the desired position under a cover-glass.
Small “feet’’ of plasticine at the corners of the cover-glass are
a very useful aid in this process, and are better than the
strips of paper, glass and other material often recommended,
because their thickness can be reduced to the required degree
by slight pressure with a needle.

Much can be accomplished with cleared specimens, without
damage to them, by simply rolling them into the desired position
under a cover-glass, It may require great perseverance to
obtain a ventral view of the coiled tail of a male Nematode in
this way; but even this can often be done without amputation.
The head usually presents much less difficulty. The worm is
laid lengthwise on a slide, and a square cover glass applied so
that only a short portion of the worm is covered by one of its
edges, while the rest of the body is uncovered, or has a second
cover-glass placed over its other end. Tt is usually best to run
in the creosote or other temporary mounting medium with a
pipette after the cover-glass has been applied. The slide is
then placed under the microscope, and with two fingers of
one hand the cover-glass is pushed one way or the other until
the worm assumes the required position. It is a good plan
to use a large slide, to reduce the risk of the creosote or other
fluid overflowing on to the stage of the microscope. If the
specimen is Very “wiry,” and there is difficulty in keeping
it in position, the cover-glass may sometimes be held down by
means of small lumps of plasticine. The somewhat unplt‘asant
action of creosote on the human skin may be mitigated by
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previously rubbing glyeerine into the finger-tips. For manipu-
lating specimens in creosote it is advisable to avoid, as far as
possible, the use of metal instruments, which will become
corroded and may cause some discoloration.

(CLASSIFICATION.

The parasitic Nematodes, being for the most part larger,
more conspicuous and more easily studied than their free-living
relatives, have, on the whole, received a greater amount of
attention from systematists. But there is reason for believing
that the free-living forms, most of which are of very small
size, may be quite as numerous, and though, with a few notable
exceptions, they appear to be of little or no economic im-
portance, they hayve been the subject of a great deal of study
during the last century. Unfortunately the systematists who
have done most to advance our knowledge of the parasitic
forms have usually been unable to devote an equal amount
of attention to the freeliving forms, and wice versa. The
result is that there has been a tendency for two quite different
systems of classification to develop side by side—one in which
the parasitic forms receive full consideration, while the free-
living forms are treated as an insignificant appendage ; and
another, of more recent growth, in which the positions are
reversed, and the free-living forms are given a quite dispropor-
tionate share of attention. It seems obvious that neither
system is likely to stand the test of time, and certainly neither
of the view-points which have led to the two systems 18
cajeulated to dissipate the fog of obscurity in which the group
has been enveloped by the writers of almost all general zoo-
logical text-books,

Clearly the ideal to be hoped for is a system in which the
group will be shown to be a harmonious whole. The number
of genera and species already known is go large that this is by
no means an easy task, but, zoologically spo}zking_:, the group
is in reality so homogeneous that there is no excuse, except
that of convenience, for the continuance of the present fashion
of keeping if, as it were, in two separate ** water-tight com-
partments.”  The more this practice is followed the greater
is the tendency for each school of workers to adopt methods
and even a language of ite own. Even now a specialist
aceustomed to dealing with descriptions of parasitic species
may meet with works on free-living forms written in terms
which are almest wholly unintelligible to him. To the writer,
at least, this state of affairs seems highly unsatisfactory, and
it appears desirable that strenuous efforts should be made to
prevent the further divergence of the two branches of what is,
after all, merely one relatively small department of zoological

sclence.
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It is unnecessary to review here the many schemes of classifi-
cation that have been proposed. Some of these have already
been referred to in the foregoing discussion of the morphology
of the group. There is still little uniformity in the systems
adopted by different authorities, but in a general way it may
be said that the basis of most of the recent attempts to classify
the Nematodes is the series of * superfamilies > employed by
Railliet *. Since Railliet dealt only with the pamsiti;: forms,
it has been necessary to extend his system to include the
free-living Nematodes. An attempt to do this was made by
Baylis and Daubney (1926), and it is this classification which
is adopted in the present work. The order (or superfamily)
ASCAROIDEA was enlarged to include all the forms having
three lips, or obvious modifications of three lips. The super-
family OxyuroInEA thus disappeared, and accommodation was
found for the vast majority of the free-living forms. This
certainly makes the AscaroIDEA a very large order, comprising
as it does fourteen families, or nearly as many as are assigned
to the rest of the orders together. Objections have been made
to the system by various writers {, principally specialists on
free-living Nematodes. The modifications suggested, however,
usually consist in little more than the raising of some of the
free-living families to the rank of orders, and if these orders
must be distingunished by such small points as the form of the
“amphids ” or the ornamentation of the cuticle, it is not
clear that they represent any great improvement on the

simpler arrangement.

* For a summary of Railliet's system see his paper in Rec. Méd.

vét. xcii, g 517 (1916).
T e.g. Filipjev, 1934, Smithsonian Misc. Collections, Ixxxix, no. 6.

NEM. D
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SYSTEMATIC ACCOUNT OF INDIAN NEMATODES.

Order ASCAROIDEA Railliet and Henry,
1915.

Free-living or parasitic forms having normally three lips,
of which one is dorsal and two subventral. The lips may
be subdivided so as to form a multiple of three, or subsidiary
lip-like structures (interlabia) may be developed between
them. In some cases the lips may be much reduced or
apparently absent, but more or less clear indications of their
original presence can generally be traced. (Esophagus of
variable form ; in some families and genera provided with
a posterior bulb. Posterior extremity of male usually conical
or tapering, with or without lateral ale and with a variable
number of sessile or pedunculate papille, but without a true
bursa.

Family ASCARIDA Cobbold, 1864.

Relatively large, stout, parasitic forms in which there are
three well-defined lips. Musculature of the body of the
polymyarian type. The dorsal lip bears on its outer surface
a pair of papille, frequently with double terminations, while
each of the ventro-lateral lips also has, as a rule, two papilla,
of which that towards the ventral side is large and often
double, while that of the other side is small and often extremely
inconspicuous. There may or may not be, on the inner
surface of each lip, a transverse series of minute denticles,
known as a dentigerous ridge. Between the bases of the
main lips three smaller, conical, subsidiary lips, or interlabia,
may be present. There is no chitinoid buccal capsule or
pharynx. The cesophagus is usually simple, club-shaped
and muscular, but may be connected posteriorly with a small,
muscular, spherical bulb, without internal valves, or with a
specialized granular structure, possibly glandular in function,
termed a ventriculus, In certain forms this ventriculus
gives rise to one or more solid appendices of similar histological
structure, while there may also be one or more blind anterior
prolongations, or caca, springing from the intestine immedi-
ately behind its junction with the msophagus or ventriculus,

Caudal ale usually absent or very slightly developed in the
male. A large number of caudal papille usually present,
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of which the majority are preanal. Spicules paired and
equal or subequal in length, with or without lateral flanges
or alm. Accessory piece usually absent. Vulva .nsunll_v
somewhat in front of the middle of the body. Vagina f‘“d
uterus run posteriorly from the vulva, the uterus lmvl'ﬂg’
as a rule, two parallel branches (occasionally four or six).
Worms oviparous, producing very large numbers of eggs,
the contents of which are unsegmented at the time of laying.

Subfamily ASCARINA Travassos, 1913.

(Esophagus without well-marked ventriculus, though a small
muscular bulb, or a small granular posterior portion, may be
present. Accessory piece absent. Life-history typically direct,
no intermediate host being necessary.

Key to Genera.

Adults parasitic in mammals ............ 1.

Adults parasitic in reptiles .............. 3. 2
L. Cervical alm absent .................... ASCARIS, p. 35.

Cervical al® present «...o......oeevennnsn 2.

2. Anterior end of body bent ventrally ;
@sophagus with muscular bulb pos-

L) 8 N TR A A DA ek R Tox0CARA, p. 58,
Anterior end of body bent dorsally ; S
@sophagus without bulb ,........... .. TOXASCARIS, p. 62.
3. Interlabia and interlabial grooves present ; 4
uterine branches two ................. OPHIDASCARIS, P. 44.

Interlabia and interlabial grooves absent ; 8
uterine branches four or six .......... .. PoryprrLrmis, p. 48.

1. Genus ASCARIS Linnasus, 1758.

Synonyms :—Stomachida Perchoom, 1780 ; Fusaria Zeder, 1800 ;
Lombricoides Mérat, 1821; Parascaris Yorke and Maplestone,
1926 ; Neoascaris Travassos, 1927.

Cervical alx absent, Lips with dentigerous ridges. Inter-
labia absent or extremely reduced. No interlabial grooves
at bases of lips. Male with five or six pairs of post-anal
papille, of which one or more of the anterior pairs have
double terminations. Preanal papille numerous and irregu-
larly arranged. Spicules non-alate, tubular, relatively Sh"_ft'
and stout. Vulva near middle of body or anterior to it.
Uterine branches two. Adult worms in small intestine of
mammals,

Genotype :—Ascaris lumbricoides L., 1758,

Key to Species,

Head not distinctly marked off from neck. ... lumbricoides, p. 36
Head wider than neck ............ LTI U equoru, p. 39
ead narrower than neck ........ vaesensss  witulorum, p. 4l
.

»2
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1. Asearis lumbricoides Linnseus, 1758. (Figs. 1 & 2).

Synonyms :—[ Lumbricus teres Tyson, 1683, pre-Linnean] ; Ascaris
gigas Goeze, 1782; Ascaris suwm Goeze, 1782; Ascaris suis
Gmelin, 1790 ; Fusaria lwnbricoides hominwm and F. L. suis
Zeder, 1800; Fusaria lumbricoides suwum Rudolphi, 1809 ;
Lumbricus teres hominis Rudolphi, 1809 ; Ascaris gigas hominis
and A. g. suis Rudolphi, 1808 : Ascaris ovis Rudolphi, 1819 ;
Ascaris suilla Dujardin, 1845 ; Ascaris bifaria Baird, 1853.

Hosts :—DMan (infestation very common in India)*: pig (Sus
serofa) ; Indian wild boar (Sus cristatus) (Baylis and Daubney) ;
large Indian squirrel (Sciurus indicus) and Irrawaddy squirrel
(Sciurus pygerythrus), Zoological Gardens, Calcutta (Baylis
and Daubney). The species is of cosmopolitan distribution,
and occurs also in the larger apes, occasionally in sheep and
cattle, and apparently rarely in the dog. The forms found

SV

Fig. l.—Ascaris lumbricoides. A, anterior end, ventral view ; B, lips,
en face; C, egg. d., dorsal lip ; #.v., subventral lip. (From
Baylis, after Yorke and Maplestone).

in man and the pig, although morphologically indistinguishable,
are regarded by some authorities as physiologically distinct
varieties or races.

Ascaris lumbricoides, the common “ roundworm * of man,
is probably the most familiar of all parasitic worms. It has
been known from very early times, its large size and extremely
common occurrence having naturally caused it to be one
of the first species to attract attention. The male attains
a length of 150-250 mm. (exceptionally as much as 310 mm.)
and the female of 200-400 mm. or even more. The maximum
thickness is about 3-5 mm. The lateral fields appear as

* A recent report by Sweet (1924) gives the average incidence among
the population of different districts of the State of Mysore as 34-2 per
cent., while in certain distriots the incidence was as high as 744 per ceng,



ASCARIS. 37
a pair of whitish lines running throughout the length of the
worm. The body tapers gradually towards each end. At
the anterior end it passes without any sudden change of
diameter into the “ head,” which consists of three lips O
semicircular or somewhat quadrangular outline. The dorsal
lip bears on its outer surface a pair of large, lozenge-shaped,
double papill, while each of the ventro-lateral lips carries
one double papilla ventrally and two very small, simple
papille, close together, laterally. The pulp of each lip 18
produced anteriorly into a pair of blunt lobes, and there
is also a rounded median lobe situated towards the inner
surface of the lip. The cesophagus varies in length from about
6-5 to 15 mm.
The caudal end of the male is conical and almost invariably
curled towards the ventral side. The tail itself is flattened

Vig. 2.—Ascaris lumbricoides. Posterior end of male ; ventral view.
(After Schneider.)

ventrally. There are about 70 to 75 pairs of caudal papillee,
of which five pairs are postanal, Of these the two anterior
pairs are large papille with double terminations, while the
three posterior papille are arranged in a triangle on either
side. The preanal papille are very irregularly arrangec,
forming a single longitudinal row on each side for a short
distance in front of the cloaca, then several confused rows,
and finally, anteriorly, single rows again. At some little
distance from the cloaca there is constantly a pair of double
papille in the series, though these are usually very asyxi-
metrical in position. A large, median, cushion-like papii&
is also present just in front of the cloacal aperture. The
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spicules are equal in length (about 2 mm.) and are broad,
dorso-ventrally flattened, somewhat widened in their distal
half and without ala.

The tail of the female is short, straight and conical. The
vulva is situated at about the anterior third of the body,
frequently in a shallow annular constriction. The vagina
is narrow and about 6 mm. long. It usually runs forward
for a short distance from the vulva, then doubles back sharply,
close to the ventral body-wall, and passes into the unpaired
portion of the uterus, which widens gradually and is about
10 mm. long. This gives off two relatively wide uterine
branches which run back, pardllel to each other, to within
about 20-30 mm. from the posterior end, where they turn
forward and pass into the narrower ovarian tubes. These
form several antero-posterior loops and are also thrown
into innumerable secondary loops in a transverse direction.
Their convolutions occupy almost the whole of the body-
cavity between the anus and the vulva. The length of the
uterine branches, when stretched out, may reach about
200 mm., ‘and that of the ovarian tubes, with their ducts,
about 1250 mm.

The eggs are very characteristic. They are oval, and have
thick shells which are covered before laying with an irregular
coat of a viscid albuminous substance, giving them a coarsely
mammillated appearance. This albuminous coat, which is
transparent and colourless while the eggs remain in the
vagina, becomes stained brown by the bile-pigment in the
host’s fwces after the eggs are laid. The size of the eggs
varies very considerably, measurements given by different
authors ranging from 0-045 to 0-0875 mm. in length and from
0-035 to 0-0575 mm. in width. The contents of the eggs are
usually unsegmented at the time of laying. Unfertilized
eggs, without the albuminous coat, are not infrequently
observed. These are generally longer and narrower than the
normal eggs.

The life-history of this species, thanks to the researches
of Stewart, Ransom, Yoshida and other investigators, is now
well known. As it is probably typical of those Ascarids
which do not require an intermediate host, a brief summary
of it may be given here. The eggs reach the infective stage
after lying in the open for some weeks, during which period
they are extremely resistant to environmental conditions
such as cold and dryness, and to chemical substances. They
can remain alive and infective for several years. If ingested
by a suitable mammal, they hatch in the small intestine,
and the larve burrow into the wall of the intestine and pene-
trate into the small mesenteric veins or lymphatic vessels.
‘arried by the blood-stream of the portal system, they reach
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the liver, and are thence taken to the heart and by way of
the pulmonary arteries to the lungs. Here they rupture
the capillaries and escape into the alveoli, grow and moult,
and finally migrate up the bronchi and trachea. Reaching
the mouth, they are swallowed a second time. The fourth
and last monlt takes place soon after the young worms reach
the intestine, where they now rapidly develop to maturity.

2. Asecaris equorum Goeze, 1782, (Fig. 3.)

Synonyms :—Fusaria lumbricoides equortom Zeder, 1800 ; Ascaris
gigas equi Rudolphi, 1809: Ascaris megalocephala Cloquet,
1824 ; Ascaris lwvissima Baird, 1853 : Parascaris equorum
Yorke and Maplestone, 1926.

Hosts -—This species occurs chiefly in equine animals
(horse, donkey, mule and zebra), and is of world-wide dis-
tribution. In India it has been recorded from horses by
Gaiger and by Baylis and Daubney. According to Gaiger
it is very common in the Punjab. Ascaris equorum has
occasionally been recorded from cattle, though there is
possibly some doubt as to the specific determination. Baylis
and Daubney (1923,06) refer to a single female specimen,
possibly of this species, in the collection of the Zoological
Survey of India, which was labelled as ** from the intestines
of cattle.” The type-specimen of dscaris levissima Baird,
which is regarded by the present writer as a synonym of
A. equorwm, was of Indian origin, but its host is unknown.

Ascaris equorum is very similar in general appearance
to A. lumbricoides, and has about the same range of size,
though its average size is perhaps slightly larger. The male
varies in length from about 150 to 280 mm., the female from
180 to 370 mm. The worm is rather stouter than A. lumbri-
coides, the female attaining a thickness of about 8 mm.
An easily recognized difference from other species is to be
found in the relative size of the * head.” In A. equorum
the * head ™" is distinetly wider than the * neck ” immediately
behind it. The lips are relatively large, and of characteristic
shape. Each lip has a well-marked and rather narrow
anterior lobe. separated from the very broad basal portion
by deep transverse grooves at its sides on the inner surface.
The pulp of the lip has paired anterior lobes which are slightly
emarginate at their ends. Between the lips there are slight
rudiments of interlabia, These structures are absent in
A. lumbricoides and in A, witulorum, the common Ascarid
of cattle.

The tail of the male is flattened ventrally and its cuticle
is expanded laterally to form slight alm. There are
according to Schneider, from 79 to 105 pairs of caud
papille.  Of these, five pairs are postanal, the two anterior
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pairs of postanal papille having double terminations. The
first. four pairs of preanal papille form single rows. Anteriorly
to these for some distance the papille form two or three
confu.sed and irregular rows on each side, and still more
anteriorly (from about the 40th pair onwards) single rows
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Fig. 3.—Ascaris cquorum  Posterior end of male ; ventral viey,
(After Schneider.)

again. There is a small median papilla on the anterior lip
of the cloacal aperture.
The vulva of the female is situated at about the anterior
uarter of the body. The vagina is relatively short, and
the uterus has the same general structure as in A. lumbricoides,
The eggs are almost spherical, and have finely pitted shells
measuring about 0-09-0-1 mm. in diameter,
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3. Ascaris vitulorum Goeze, 1782. (Figs. 4-6.)

Synonyms :~—Lumbricus teres vituli Rudolphi, 1809 ; Ascaris gigas
vituli Rudolphi, 1809; Ascaris vituli Neumann, 1883, nec
Gmelin, 1790 ; Neoascaris vitulorum Travassos, 1927.

Hosts :—This species has been recorded from cattle and
buffaloes in various parts of Asia, Europe, Africa, the
Philippines, West Indies and America. It is usually found
in calves, Indian records are: domesticated buffalo (Bos
bubalus), Punjab (Boulenger) ; zebu (Bos indicus), Colombo,
Ceylon (v. Linstow) ; “ calf ” (probably Bos indicus), Siripur,
Bihar (Baylis and Daubney).

On account of the discrepancies between various existing
descriptions of this worm, based on material from different
parts of the world, it has been suggested that two or more

Fig. 4.

Fig. 4.——4.9«{:‘«'5 vitulorum. Dorsal lip, viewed from exterior. a., an-
terior lobe of pgxlp; d.r., dentigerous ridge; i., internal
process of anterior lobe; p., papilla. (After Baylis and
Daubney.)

closely related species may have been confused. [t appears
more probable, however, that A. witulorum is a somewhat
variable species. The following description is based on the
accounts given by Boulenger . Macfie, and Baylis and Daubney,
as well as the summary given by Ransom (1911) of the
description by Neumann, :

The length of the male varies from 85 to 250 mm., that of
the female from 155 to 300 mm. The maximum thickness is
3-5 mm. in the male, 5-6 mm, in the female. The intervals
between the cuticular striations appear to be very variable
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Fig. 5.
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Fig. 5.—Ascariy vitulorum. Part of msophagus and intestine. ., in-
testine ; m., muscular portion of wsophagus ; v., ventriculus,
(After Baylis and Daubney.)
Fig. 6.—Ascaris wvitulorum. Posterior end of male; ventral view.
; (After Boulenger.)
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(30-90 ). The “ head ” has a diameter of 0:5-0:95 mmi.,
and is distinctly narrower than the ‘‘ neck,” which forms
a kind of * shoulder * behind the lips. These are broad
at the base and narrower in front. The dorsal lip bears
a pair of large, simple papille, each ventro-lateral lip a large,
lozenge-shaped papilla towards its ventral margin and a small,
round papilla laterally and more anteriorly. The pulp of
each lip sends out two rounded lobes anteriorly, and from
the inner surface of each lobe a blunt, inwardly-directed
process originates. The two processes converge slightly
towards the middle line of the lip. There are no interlabia.
The cesophagus is about 3-5 mm. long, and has a maximum
thickness of 0-8-0-9 mm. It is modified at its posterior end
to form a very small ** ventriculus,” or granular bulb. This
measures 0:35-0-6 mm. in length and 0-45-0-8 mm. in width.
and is not distinctly constricted off from the muscular portion
of the asophagus, but is preceded by a slight narrowing
of its diameter. The nervering surrounds the cesophagus
at about 0-8 mm. from the anterior extremity.

The tail of the male is 0-33-0:45 mm. long. There is a
constricted-off terminal appendage, with slight lateral alwe.
On this appendage there appear to be usually four pairs of
papille, two ventral and two dorsal, Between the appendage
and the cloaca there is a pair of very large, double papille.
The preanal papille are apparently very variable in number.
Baylis and Daubney found about nine pairs, Boulenger
13 pairs and Macfie 30 to 40 pairs. The spicules are equal
or subequal and measure about 0-9-1-25 mm. in length.
Their maximum thickness anteriorly is 0-04-0-043 mm., and
the‘v taper posteriorly to end in blunt points.

The tail of the female is conical and 0:6-1-1 mm. long. The
vulva is situated at about one-ninth to one-seventh of the
total length frorp the anterior end. The vagina i 10-11 mm.
lnug: the unpaired portion of the uterus 12-20 mm. The
uterine branches are relatively short (about 70 mm.).
Bqulenger Obser\'ed swellings at their junction with the
oviducts, while in the specimens examined by Macfie these
swellings appeared to be absent. The coils of the ovarian
tubes return anteriorly as far as the level of the vulva. The
eggs are oval and have thick, coarsely granulated shells
measuring 0:075-0-095 % 0-06-0-075 mm. Their contents aré
unsegmented at the time of laying.

4. Ascaris sp.

Baylis and Daubney (1922) have recorded a small, immatire
female Ascaris from the intestine of a wild pig (Sus cristalus
[bqngalensi&]) near Dmapore, Bihar. It was uncertain whether
this was referable to 4. lumbricoides.
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2. Genus OPHIDASCARIS Baylis, 1921.

Cervical ale absent. Lips almost square ; dorsal lip slightly
smaller than ventro-lateral lips. Dentigerous ridges present.
Interlabia usually well developed. Deep transverse interlabial
grooves run from the interlabia partially round the bases
of the lips. (Hsophagus without bulb or ventriculus. Male
typically with six pairs of postanal papill:, the most anterior
pair frequently having double terminations. Preanal papilla
numerous. Spicules subequal, alate. Vulva usually in pos-
terior half of body. Genital organs in both sexes usually
confined to posterior region of body, which often shows
a fusiform thickening. Uterine branches two. Adult worms
in alimentary canal of reptiles.

Genotype :—Ophidascaris filaria (Dujardin, 1845). *

Key to Species.

Parasite of pythons .....................00.0.0 Jilaria, p. 44,
Porgsitd of Tropidonotus . ..........c.covepevens gestri, p. 46.
Parasite of cobra and krait. .. .. .......0000neens naia, p. 46.

1. Ophidasecaris filaria (Duj., 1845) Baylis, 1921. (Fig. 7.)

Synonyms :—dscaris filaria Dujardin, 1845 ; Ascaris "‘l’ic""fla’ g
Schneider, 1866 ; ? Ascaris infundibulicola v. Linstow, 1903.

Hosts :—A ** large serpent,” probably python, Pondicherry
(Dujardin) : Python molurus, Bengal (Schneider); Python
molurus, P.veticulatus, Python sp., Zoological Gardens, Calcutta
(Baylis and Daubney),

This species is extremely common in pythons and has
a wide geographical distribution, occurring not only in tl_le
Asiatic forms, but also in Python sebaz in Africa and in
P. spilotes in Australia. It has also been recorded fr?m
a monitor (Varanus sp.) in Zanzibar (Baylis, 1921). The
adult worms are found in the intestine, Immature forms
have been found on several occasions in the lungs of ; Python
molurus and P. reticulatus. From this it may be inferred
that the larva go through a course of migration within the
body of the host before settling permanently in the intestine.
Their sojourn in the lung appears to be of conm)dcmble
duration, as they may grow to a length of some 60 mm.
in this situation. They do not, however, appear to acquire
the definitive structure of the lips before leaving the lung.

The adult worms attain a length of about 110 mm. in the
male and 170 mm. in the female. The maximum thickness
is about 1 mm, in the male and 1-5 mm. in the feme_xle. The
cuticular striations are about 3 y apart. The body is greatly
elongate and a little more tapering in front than behind.  Each
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lip bears two papille. Those of the dorsal lip have double
terminations, while each ventro-lateral lip has a large papilla
towards the ventral and a smaller papilla towards the lateral
margin. The dorsal lip has a slightly emarginate anterior
border and rounded free angles. The free end of each lobe
of the pulp is multiradiate, with an antler-like lobule directed
laterally and posteriorly. The interlabia are short and
bluntly conical. There are well-developed grooves at the
bases of the lips. The cesophagus is 5-7 mm. long and is
somewhat swollen posteriorly. The excretory pore is at
about 1-4 mm. from the anterior end.

The tail of the male is bluntly conical. There are six pairs
of postanal papille, of which the most anterior pair are

»
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Fig. 7.—Ophidascaris filaria. Head ; dorsal view.
(After Baylis, in ¢ Parasitology.’)

situated a little behind the cloaca and have double tcrminat?on&
The other five pairs form an almost ecircular group on either
side near the tip of the tail. The spicules are slightly unequal
and measure about 4-4-8 mm. in length. Their tips are
rounded. The width of the spicules, including the shaft
and ale, is 0:06-0:07 mm.

The tail of the female is bluntly conical and about 0-3 mm.
long. The vulva is situated considerably behind the middle
of the body, dividing the total length in the proportion O
about 7:4. The vagina is simple and muscular, 0:15 mm.
in diameter. It sometimes runs forward at first from the
valva, then doubles back with a sinuous course and pasges,
a little behind the level of the vulva, into an oval swelling
measuring about 0-4x0-27 mm. This is followed by #
straight, unpaired portion of the uterus, about 4 mm. long
and having a maximum width of 0-4 mm. The uterus divides
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into two wide branches which run posteriorly, parallel to each
other, and pass suddenly into two short, narrow, muscular
ducts which, after a course of about 0-7 mm., expand into
fusiform swellings and then join the oviducts. The ovaries
turn forward soon after their origin, the anterior limit of their
coils being at about the level of the bifurcation of the uterus,
from which point they return to the posterior end, terminating
at about 1-5 mm. in front of the anus. The eggs are nearly
spherical and measure 0:065-0-073 mm. in diameter.

2. Ophidasearis gestri (Parona, 1889) Baylis, 1921.
Synonym :—Ascaris gestri Parona, 1889.

Host :—Tropidonotus piscator [T quincunciatus], Northern
Tenasserim (Parona) : Botanical Gardens, Caleutta, and
Dibrugarh, Assam (Baylis and Daubney).

In this species, according to Parona’s description, the length
of the male is 55-67 mm., that of the female 55-78 mm.
The maximum thickness is 1 mm., and the cuticular striations

“are fine. The body is elongate and slender, not tapering
much at the extremities. The dorsal lip bears two small,
rounded, marginal papille. The ventro-lateral lips have two
[? two each] small papill on their margins anteriorly, and have
an indentation on each side at their bases.

The tail of the male has a terminal spike. The caudal
papille are small and sessile, and consist of two pairs of
postanal and ten pairs of preanal papille. The spicules are
long and equal, with rounded tips.

The tail of the female is very short and has a terminal spike.
The vulva i$ in the anterior third of the body.

The specimens recorded by Baylis and Daubney (1923)
were in poor condition, and their determination is somewhat

doubtful.

3. Ophidascaris nai® (Gedoelst, 1916) Baylis, 1921. (Figs. 8
&9) '
Synonym :—dscaris naiz Goedoelst, 1916,

Hosts :—Cobra (Naja tripudians), Sura Ghat; kraits
(Bungarus. fasciatus, B. bungaroides), Zoological Gardens,
Caleutta (Baylis and Daubney). Originally recorded  from
Naja nigricoilis, Belgian Congo.

The length of this species, according to Gedoelst, is 62 mm.
in the male and 567 mm. in the female, and the maximum
thickness is 1-1-07 mm. The cuticular striations are 2-5-3 y
apart. The body is more tapering in front than behind. The
dorsal lip, in material from Naja tripudians, bears two double
papille. The pulp sends out two lobes, each of which is
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prolonged in opposite directions into two points, one ruu{:ﬂ%
forward and towards the middle line of the lip, the (-)‘a’l
backward and towards the margin. The interlabia are blllll_ d
and narrow, with rounded extremities, and about on(;-t u‘h
the length of the lips. The esophagus may u.t-tam‘)& cngf)
of 3:25 mm. or more in the female (Gedoelst gives 2-9 min.).
The nerve-ring is situated within its anterior fifth.

Fig. 8.

| Q. T, )

Fig. 9.

Fig. 8.—Ophidascaris naim. Dorsal lip of female, viewed from exterior-
(After Baylis and Daubney.) v

Fig. 9,—Ophidascaris naiz. Posterior end of male : wventral view.
(After Baylis and Daubney.)

The tail of the male is about 0-2 mm. long. There are six
pairs of postanal papille. The three nearest to the tip of
the tail on either side form a triangle, two being lateral or
subdorsal, the third smaller and subventral. A little more
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anteriorly there are two ventral pairs, and at the sides of the
cloacal aperture, somewhat widely separated from the rest,
a pair of very large papille apparently having double ter-
minations. There are about 35 pairs of preanal papille.
The spicules have blunt tips and are slightly unequal in length.
Gedoelst gives their lengths as 5:04 and 4-64 mm. In a male
from Naja tripudians they measured 4-3 and 3-25 mm.
respectively, the longer being the left spicule.

In the female the tail is 0-24 mm. long and has a conical tip.
The vulva, according fo Gedoelst, is in the middle of the
body. In Indian material it was found to be considerably
behind the middle (at 217 mm. from the posterior end in
a specimen just under 51 mm. long.). The vagina is long,
narrow and sinuous, and passes gradually into the unpaired
portion of the uterus. This and the two uterine branches
are very short. The branches, after a sinuous course occupying
about 10 mm. in the 51 mm. specimen, pass suddenly into
short, narrow, muscular canals, and these again into the
wider oviducts. The coils of the ovarian tubes extend
backward to about 4 mm. from the posterior end an for yard
to the level of the vulva. The eggs are elliptical and haye
thick, finely punctate shells measuring 0-08 < 0°072 mm.

3. Genus POLYDELPHIS Dujardin, 1845.

Synonym :—Hexametra Travassos, 1920,

Cervical al® absent. Lips oblong or more or less hexagonal,
frequently longer than broad and usually broader at the base
than at the free edge. Dorsal lip usually smaller than the
ventro-lateral lips. Pulp of ventro-lateral lips asymmetrival.
Interlabia and interlabial grooves absent. (Esophagus without
bulb or ventriculus. A rudimentary intestinal _secun.
occasionally present. Spicules subequal, alate. Caudal
papille of male typically as in Ophidascaris. Vulva usually
in anterior region of body, rarely behind the middle. Uterine
branches four or six. Adult worms in alimentary canal
of reptiles.

Genotype :—Polydelphis anoura Dujardin, 1845.

Key to Species.

Parasites of pythons. Uterine branches
four ... coiiiiiiiienrretrriraetaaaa, i\
Parasites of other reptiles ... ... .. ..., 2;
1. Length up to 116 mm. (J), 144 mm. (7).
Postanal papille of § 6 pairs. Spicules
10-5 mm. Vulva at about anterior third, anowra, p. 49.
Length u{) to 190 mm. (), 258 mm. (2).
Postanal papille of @ 5 pairs. Spicules
7-9 mm. Vulva at about anterior fifth. . attenuata, p. 51.
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Length 58 mm. (&), 63 mm. (2). Postanal
papillee of & 2 (?) pairs. Spicules 54 mm.

Vulva at anterior third . ... ... n.a0n oculata, p. 52.
2. Uterino branches 81X ......vcvieivnnaas 3.
Utcl:ino branches four. Parasite of Colu-
brine snakes (T'ropidonotus) ............ brachycheilos, p. 52.
3. Parasite of snakes (Lropidonotus, Bungarus). sewelli, p. 54.
Parasite of lizards (Calotes) ... ...c.ivounn rotundicaudata, p. 56-

1. Polydelphis anoura Duj., 1845. (Figs. 10 & 11.)

Synonyms 1 Ascaris (Polydelphis) anoura Dujardin, 1845 ; Ascaris
anotra Creplin, 1848 ; Ascaris altenuata of Stossich, 1896 (part) ;
Ascaris.- altenuata, &, of v. Linstow, 1899; Ascaris pythonis
** Retzius, 1830 "' of Railliet and Henry, 1010 (part) ; Ascaris
( Polydelphis) pythonis ** (Retzius, 1830) ™ of Gedoelst, 1916.

_ Host :—Python molurus. This species is common not only
in the Indian python, but also in the African species, Python
sebar. It is said also to occur in a variety of other African
and even American snakes, but the determination of the
parasite must, in some cases, be regarded with suspicion.
Indian localities for its occurrence in P. molurus include
Nepal Terai and Kichha, Naini-Tal district (Baylis and
Daubney, 1923).

The male attains a length of 116 mm., the female of 144 mm.

The maximum thickness is about 2-1-2-§ mm. The cuticular
striations are 4-10 u apart. The body is tapering in front
and stout posteriorly. The Jateral fields are wide and more
transparent than the rest of the cuticle. The lips are small,
rather longer than broad, and somewhat emarginate in front.
The dorsal lip has two large, double papille, the ventro-
lateral lips each a large double papilla towards the ventral
gide. The pulp of each lip sends out two inwardly and
forwardly directed processes with flattened and expanded
te-minations. The expanded portion has somewhat the
outline of a human foot. The cesophagus is about 10 mm.
long.
'_lghe tail of the male is blunt, with a small terminal spike,
and measures about 0:35 mm. in length. There are six pairs
of postanal papille, of which the three most posterior form &
triangle on either side near the tip of the tail. The most
anterior pair consists of large, double papille situated near the
corners of the cloacal aperture. In addition to the two
sublateral rows of 25 or more preanal papille, there is a
median double papilla in front of the cloaca. The spicules
are equal, 10-5 mm. long and conically pointed.

The vulva is at a little less than one-third of the total
length from the anterior end. The vagina passes gradually
into the unpaired portion of the uterus, which has a fusiform
swelling at about its middle. The combined length of this

B

NEM,



48 ASCARIDA.

anteriorly there are two ventral pairs, and at the sides of the
cloacal aperture, somewhat widely separated from the rest,
a pair of very large papille apparently having double ter-
minations. There are about 35 pairs of preanal papills.
The spicules have blunt tips and are slightly unequal in length.
Gedoelst gives their lengths as 5:04 and 4:64 mm. In a male
from Naja tripudians they measured 43 and 3:25 mm,
respectively, the longer being the left spicule.

In the female the tail is 0-24 mm. long and has a conical tip.
The vulva, according to Gedoelst, is in the middle of the
body. In Indian material it was found to be considerably
behind the middle (at 21-7 mm. from the posterior end in
& specimen just under 51 mm. long.). The vagina is long,
narrow and sinuous, and passes gradually into the unpaired
portion of the uterus. This and the two uterine branches
are very short. The branches, after a sinuous course oceupying
about 10 mm. in the 51 mm. specimen, pass suddenly into
short, narrow, muscular canals, and these again into the
wider oviducts. The coils of the ovarian tubes extond
backward to about 4 mm. from the posterior end an for vard
to the level of the vulva. The eggs are elliptical and have
thick, finely punctate shells measuring 0:08 X 0°072 mm.

3. Genus POLYDELPHIS Dujardin, 1845.
Synonym :— Hexametra Travassos, 1920.

Cervical ale absent. Lips oblong or more or less hexagonal,
frequently longer than broad and usually broader at the base
than at the free edge. Dorsal lip usually smaller than the
ventro-lateral lips. Pulp of ventro-lateral lips asymmetrival.
Interlabia and interlabial grooves absent. (Esophagus without
bulb or ventriculus. A rudimentary intestinal _scun.
occasionally present. Spicules subequal, alate. Caudal
papille of male typically as in Ophidascaris. Vulva usually
in anterior region of body, rarely behind the middle. Uterine
branches four or six. Adult worms in alimentary canal
of reptiles.

Genotype i—Polydelphis anoura Dujardin, 1845.

Key to Species.

Parasites of pythons. Uterine branches
four ....eciiiiieiiacanisrrrirr ey 18
Parasites of other reptiles . ...... ... 2;
1. Length up to 116 mm. (5), 144 mm. (2).
Postanal papille of 5 6 pairs. Spicules
10:5 mm. Vulva at about antvrior third. anoura, p. 49.
Length up to 190 mm. (3), 258 mm. (9).
Postanal papille of § 6 pairs. Spicules
7-9 mm. Vulva at about anterior fifth. . aftenusta, p. 51,
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Length 58 mm. (&), 63 mm. (?). Postanal
papillee of 3 2 (¥) pairs. Spicules 5-4 mm.

Vulva at anterior third .. ... .ooccceivne oculata, p. 52.
2. Uterine branches 8ix . ... . vcoeenseeasss 3.
Uteﬁzlo branches four. Parasite of Colu-
brine snakes (Tropidonotus) . ...ecoovve- brachycheilos, p. 52.

3. Parasite of snakes (7'ropidonotus, Bungarus). sewelli, p. 54.
Parasite of lizards (Calotes) . ... coviive-- rotundicaudata, p. 56.

1. Polydelphis anoura Duj., 1845. (Figs. 10 & 11.)

Synonyms :—Ascaris (Polydelphis) anoura Dujardin, 1845 ; Ascaris
anowra Creplin, 1848 ; Ascaris attenuata of Stossich, 1896 (part) ;
Ascaris attenuata, 3. of v. Linstow, 1800; Ascaris pythonis
* Rotzius, 1830 "' of Railliet and Henry, 1910 (part); Ascaris
(Polydelphis) pythonis ** (Retzius, 1830) " of Gedoelst, 1916.

_ Host :—Python molurus. This species is common not only
in the Indian python, but also in the African species, Python
seba. It is said also to occur in a variety of other African
and even American snakes, but the determination of the
parasite must, in some cases, be regarded with suspicion.
Indian localities for its occurrence in P. molurus include
Nepal Terai and Kichha, Naini-Tal district (Baylis and
Daubney, 1923).

The male attains a length of 116 mm., the female of 144 mm.

The maximum thickness is about 2-1-2-8 mm. The cuticular
striations are 4-10 u apart. The body is tapering in front
and stout posteriorly. The lateral fields are wide and more
transparent than the rest of the cuticle. The lips are small,
rather longer than broad, and somewhat emarginate in front.
The dorsal lip has two large, double papillee, the ventro-
lateral lips each a large double papilla towards the ventral
side. The pulp of each lip sends out two inwardly and
forwardly directed processes with flattened and expanded
te-minations. The expanded portion has somewhat the
outline of a human foot. The cesophagus is about 10 mm.
long.
The tail of the male is blunt, with a small terminal spike,
and measures about 0-35 mm. in length. There are six pairs
of postanal papille, of which the three most posterior form a
triangle on either side near the tip of the tail. The most
anterior pair consists of large, double papille situated near the
corners of the cloacal aperture. In addition to the two
sublateral rows of 25 or more preanal papille, there is &
median double papilla in front of the cloaca. The spicules
are equal, 10-5 mm. long and conically pointed.

The vulva is at a little less than one-third of the total
length from the anterior end. The vagina passes gradually
into the unpaired portion of the uterus, which has a fusiform
swelling at about its middle. The combined length of this
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portion and the vagina is about 30 mm. There are four
relatively very short uterine branches. These originate
in an oval egg-reservoir, and run straight back to end suddenly
in narrow muscular canals about 3 mm. long. The latter
are separated from the oviducts by globular or fusiform

Fig, 10.

Fig. 11

Fig.. 10.—Polydelphie anoura. Dorsal lip of male, viewed from exterior.
(After Baylis and Daubney. ) )

Fig. 11.—Polydelphis anoura. Posterior end of male; ventral view,
(After Baylis and Daubney.)

swellings. The four genital tubes bend forward soon after
the termination of the uterine branches, the ovaries occupying
. the greater part of the posterior region of the body between
the vulva and the anus. The eggs are nearly spherical and
measure 0:066-0-072 mm. in diameter.
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2. Polydelphis attenuata (Molin, 1838) Gedoelst, 1916.
(Fig, 12.)

Synonyms :—Ascaris attenuata Molin, 1858 ; Ascaris rubicunda, €,
Schneider, 1866 ; Ascaris pythonis * Retzius, 1830 of Railliet
fllg(llsllenry. 1010 (part) ; Ascaris (Polydelphis) attenvata Gedoelst,

Hosts :—Python molurus, P. reticulatus. Mainly recorded
from pythons in various zoological collections in Europe.
Stossich has recorded the species from Python sp. at Madras,
and v. Linstow from Python molurus in India. It appears
to occur in P. reticulalus in the Malay region, and has been
recorded from Python seba and other snakes in Africa.

This species is very dimilar to the preceding, but attains
a considerably greater length. The male may measure up
to 190 mm., the female up to 258 mm. The maximum
thickness is about 2 mm. in the male and 3 mm. in the female.
The cuticular striations are about 3 u apart. The lips are
relatively small and oblong, somewhat longer than broad,

, Odmm

Fig. 12.—Polydelphis attenuvata. Head ; dorsal view.
(After Baylis, in * Parasitology.’)

with slightly emarginate anterior border and rounded angles.
The csophagus is relatively long, occupying one-eleventh
to one-ninth of the total length of the body. The nerve-ring
is situated at about its anterior eleventh, and the excretory
pore a little behind this level.

The tail of the male is conical. There are five pairs of
postanal papill® (two subventral, three lateral) and some
36 pairs of preanal papillie.  The spicules are equal, measuring
7-9 mm., and have blunt tips.

The tail of the female is very blunt, but has a small terminal
spike. There is a pair of caudal papille at 0-175 mm. from
the extremity. The vulva is situated at about the anterior.

fifth of the body. The vagina widens gradually into the
9



52 ASCARIDE.

undivided portion of the uterus. This runs back to a point
about 35 mm. from the anterior end of the body, where it
gives off four wide branches. These run back and narrow
suddenly behind into short muscular canals, about 1-5 mm.
long, separated by small swellings from the oviduets. The
coils of the ovarian tubes extend back nearly to the posterior
end of the body, and then run forward to a point about 5 mm.
behind the vulva. The eggs are roundish-oval and measure
0-075-0:09 % 0-065-0-07 mm.

3. Polydelphis oculata (v. Linst., 1899) Railliet and Henry, 1910,

Synonyms :—Ascaris oculata v. Linstow, 1809 ; Ascaris (Poly-
delphis) oculata Railliet and Henry, 1910.

Hosts —Recorded from Python reticulatus (Berlin Museum)
by v. Linstow, and from the African python (P. sebs)
by Railliet and Henry. Baylis and Daubney (1922) refer
to two female specimens from a python (? P. molurus or
P. reticulatus) from Assam, which possibly belonged to this
species.

The status of this species appears somewhat doubtful.
As has been pointed out by Baylis and Daubney (1923, 4),
v. Linstow’s figure of the dorsal lip of Ascaris oculata
shows a close resemblance to the lip of P. anoura. Apart
from its smaller measurements, it seems possible that this
form may be identical with P. anoura. The following
description is taken from v. Linstow’s account, supplemented
by that of Railliet and Henry.

Length, male, 58 mm.; female, 63 mm. Thickness,
male, 2 mm. ; female, 2-41 mm. Body tapering in anterior
third, stout and cylindrical posteriorly. Lips nearly square,
with free angles rounded. Dorsal lip slightly broader than
long (0:1830-14 mm.). Cephalic papill very large. Each
lobe of pulp of lip gives off an inward projection. (Esophagus
6 mm. long. Tail of male 1/265 of total length, with a small
terminal digitiform appendage. Two pairs of postanal and
six pairs of preanal papille present. Spicules 54 mm. long.
"ail of female 1/53 of total length, blunt. Vulva at anterior
third of body. Vagina at first simple, slender, sinuous, with
a fusiform swelling near its origin, and giving off, at 11 mm.
from its origin, four wide branches 20 mm. long, which run
backwards. Ova 0:06-0:067 % 0:055-0-06 mm. Larve on
hatching measure 0-4-(-425 mm. in length.

4. Polydelphis brachycheilos (v. Linstow, 1906). (Figs. 13& 14.)
Synonym :—Ascaris brachycheilos v, Linstow, 1906,

Host :—Tropidonotus piscator [T. asperrimus] (intestine):
(olombo, Ceylon,
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Th}s species was very briefly and somewhat inaccurately
de:scnbed by v. Linstow. Through the kindness of the
Director of the Colombo Museum the writer has been able
to re-examine the type-specimens. These consist of two males
(one of which lacks the anterior end) and one female.

The male measures 556 mm. in length and about 0-9 mm. in
maximum thickness, the female 104 mm. and about 1-5 mm.
respectively. The diameter of the head is 0-24 mm. in the

Fig. 13.

Fig. 14.

Fig. 13.—Paolydelphis brachycheilos, Dorsal lip of female, viewed from
exterior. (Original.)

Fig. 14.—Polydelphis brachycheilos. Posterior end of male; ventral
view. (Original.)

male, 0-42 mm. in the female. The lips are somewhat emar-
ginate in front. The “small conical interlabia ** mentioned
and figured by v. Linstow appear to have been entirely
imaginary. No such structures have been detected by the
writer. The dorsal lip is 0-17 mm. wide in the male, 0-26 mm.
in the female. A prominent marginal dentigerous ridge is
present anteriorly. The main pulp-mass of the lip is deeply
indented in front, and antler-like branching pulp-processes,
very similar to those of P. sewelli and other species, appear
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to be present, though in the material available they are
not very well defined. The cuticular striations on the body,
if present, are extremely fine. The csophagus measures
3:5 mm. in length in the male. 5 mm. in the female. No
intestinal ezcum was seen.

The tail of the male is blunt and rounded, but bears a small
terminal spike. Excluding the spike, the tail measures
0-21-0-23 mm. in length. The spike itself measures 0:03 mm.
v. Linstow mentions only two pairs of postanal and three
pairs of preanal papille. The writer finds that there are
five pairs of postanal papille (fig. 14). The most anterior
papilla on each side is double, and lies some distance behind
the cloacal aperture. Behind the middle of the tail there
are two pairs of small subventral papillee, and at the extremity
of the blunt portion two pairs, one of which is subdorsal.
The preanal papillz, of which there appear to be at least
39 pairs, are small and arranged in a fairly regular series
on each side. Both spicules appear to be incomplete in one
specimen. In the other the right spicule is apparently
complete and measures about 1:25 mm. in length, The
spicules are provided with ale.

The tail of the female measures (without the terminal
spike, which has been broken off) about 0-4 mm. in length,
and is extremely blunt and rounded. The vulva is situated
behind the middle of the body, at about 49 mm. from the
posterior end, and not, as stated by v. Linstow, near the
end of the anterior third. The vagina turns forward at first
for a short distance from the vulva, then doubles back and
passes into a short uterine trunk. This widens rather suddenly
into an oval egg-chamber measuring about 1-2 mm. in length
and 0:7 mm. in width, which gives off posteriorly four uterine
branches. These run almost straight backwards for a distance
of only about 15 mm. before passing into the ovarian tubes.
The coils of the latter extend posteriorly only to within about
20 mm. of the hinder end, and anteriorly to a point about
2 mm. in fronf of the vulva. The eges are subglobular and
have a maximum diameter of about 0:08-0-09 mm. According
to v. Linstow, their shells are * closely beset with small
granules.”

5. Polydelphis sewelli Baylis and Daubney, 1922. (Figs. 15
& 16.)

Hosts :—Originally recorded from the Montpellier snake
(Cerlopeltis monspessulana) from Palestine (Baylis and Daubney,
1922) ;: subsequently from Tropidonotus stolatus, Lakhimpore,
Assam ; 7. piscator, Dibrugarh, Assam: and (probably)
Bungarus fasciatus, Dibrugarh (Baylis and Daubney, 1923).
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The worms are relatively slender and of almost uniform
thickness throughout. The male measures about 66 mm. in
length and 1-2 mm. in thickness, the female 73 mm. and 1:4 mm.
respectively. The cuticular striations are exceedingly fine.
The diameter of the head is 0-3-0-334 mm. The lips are
somewhat hexagonal in outline and slightly broader than
long. Their anterior and lateral borders are somewhat
emarginate. The pulp of the dorsal lip has two well-developed
antler-like anterior lobes, each having two main divisions.
The dorsal lip carries two simple lateral papillee, each ventro-
lateral lip one large ventral and one very small lateral papilla.
The esophagus is somewhat enlarged posteriorly and measures
about 5 mm. in length. There is, at least in some individuals,
an intestinal cmcum, which may reach a length of about
0-6 mm. or may be quite rudimentary and not more than
0-125 mm. long. A pair of very small cervical papille is

o+ i.

Fig. 15, —Polydelphis  sewelli. Dorsal lip of female, viewod .from
exterior. a.l., anterior lobe of pulp ; d.r., dentigerous ridge ;
p., papilla. (After Baylis and Daubney.)

present at about 1-4 mm. from the anterior end. The nerves
ring is situated at 0:7-0-85 mm. from the same point.

The tail, in both sexes, is very short and rounded, and
terminates in a small spike about 0:05 mm. long. The tail
of the male is 0:25 mm. in length. There are six pairs of
postanal papille. The most posterior papilla on each side
is relatively large and dorsally placed ; the second is very
small and lateral ; the third, fourth and fifth form a triangle,
two being ventral and one more lateral ; the sixth is a large,
double papilla near the cloaca and separated by a cnnsidemb}e
space from the rest. The preanal papille are arranged n
a single fairly regular and close series of about 43 on either
gide. There is also one papilla, more laterally situated,
at about the same level as the fourth of the series, on eac
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side. The spicules are short, subequal and broadly alate.
The right spicule measures 1-35 mm., the left 1-4 mm., and
the dorso-ventral diameter of each is about 0-06 mm.

In the female the tail is 0-3 mm. long. The vulva is
situated at about 34 mm. from the posterior end, dividing
the body in the proportion of about 19 :17. The vagina
is narrow, muscular and irregularly coiled, and leads into
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Fig. 16.—Polydelphis sewelli. Posterior end of male : lateral view,
(After Baylis and Daubney.)

a uterine chamber about 1-6 mm. long, which gives off
posteriorly six parallel uterine branches. These run back
to a point about 15 mm. from the posterior end, where they
pass into the ovarian tubes. The coils of the latter extend
back to 10 mm. from the posterior end, and then run forward
to the level of the vulva. The eggs are roundish-oval or
nearly spherical, and have thick, finely-granulated shells
measuring 0-09-0-1 x 0:075-0-087 mm.

6. Polydelphis rotundicaudata (v. Linstow, 1904). (Fig. 17.)

Synonym :—Ascaris rotundicaudata v. Linstow, 1904.

Host :—Calotes calotes [C. ophiomachus] (stomach and
intestine) ; Colombo, Ceylon.
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Through the kindness of the Director of the Colombo
Museum the writer has been able to examine the type-
specimens of this species. These include one male and
several females. The species proves to belong to the genus
Polydelphis, and is very closely related to P. sewelli, from
which it differs only in very slight characters. It seems,
in fact, possible that the two forms may be identical, but
the material at present available does not enable this question
to be definitely decided.

The male measures about 45 mm. in length and nearly
1 mm. in maximum thickness, the females up to 73 mm.
and about 12 mm. respectively. The diameter of the head
is about 0-25-0-34 mm. The dorsal lip is more rectangular
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Fig. 17.—Polydelphis rotundicaudata. Posterior end of male ; lateral
view. (Original.)

than in P. sewelli, but appears to have very similar branching
pulp-processes anteriorly. The cesophagus is much shorter
than in P. sewelli, measuring only 2:8 mm. in the male and
about 3-5 mm. in the largest female. No definite intestinal
cweum was observed. The nerve-ring is situated at about
0-7 mm. from the anterior end in the female.

The tail of the male is about 0-24 mm. long. Its tip,
however, has been damaged and the terminal spike (if originally
present) has been broken off. There are six pairs of postanal
papille, arranged as shown in fig. 17, the most posterior pair
being subdorsal. There is one pair of rather large adanal
papille, with double terminations, and about 40 pairs of
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preanal papille, arranged in fairly regular single series.
(According to v. Linstow, there are 31 pairs of preanal and
four of postanal papille). The spicules measure about
1-27 mm. in length (not 8:8 mm., as stated by v. Linstow),
and are provided with broad al®. Their dorso-ventral
width is about 0-08 mm.

The tail of the female is bluntly rounded and measures
about 0-36-0-45 mm. in length, including a minute terminal
spike about 0:02 mm. long. The vulva, in a 73 mm. specimen,
is situated at about 34 mm. from the anterior end, and is
thus considerably in front of the middle of the body. The
vagina is short, narrow and rather convoluted. At a distance
of a little more than 2 mm. behind the vulva the uterus
divides into six branches, which run straight back for a dis-
tance of about 20-25 mm. and then pass into the narrower
oviducts. The eggs are roundish-oval or subglobular, and
have a greatest diameter of about 0:08-0-09 mm.

7. Polydelphis sp.

Baylis and Daubney (1922) recorded two female specimens,
one in very poor condition, taken on separate occasions
from examples of the common chamaleon of India (Chamzaleon
zeylanicus [C. ‘calcaratus]). They belonged to the section
of the genus in which there are six uterine branches, but it was
impossible to determine whether, or not, they were identical
with Polydelphis hexametra (Gedoelst, 1916), a species recorded
from Chameleon dilepis in the Belgian Congo.

8. Polydelphis sp.
Baylis and Daubney (1923, §) also recorded two male

specimens of an undetermined species of this genus from the
stomach of Lachesis (T'rimeresurus) gramineus.

4. Genus TOXOCARA Stiles, 1905.

Synonym —Belascaris Leiper, 1907,

Cervical al present, coarsely striated. Body bent ventrally
anteriorly. Lips with pulp forming two deeply separated
anterior lobes and an nnpaired internal lobe. Interlabia
absent. (Hsophagus with a distinet muscular bulb pos-
teriorly. Tail of male with a terminal digitiform appendage,
marked off by a constriction. On each side a group of five
postanal papille on the terminal appendage (two subdorsal,
one lateral, two subventral), one double subventral papilla
hetween the cloaca and the base of the appendage, and about
20 preanal papille. Spicules subequal, alate. Vulva towards
anterior quarter of body. Unpaired portion of uterus
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relatively long. Coils of female genital tubes extend through-
out almost the whole length of the body. Eggs globular
or subglobular, with thin shells, the surface of which is pitted.
Adult worms chiefly in the small infestine of carnivorous
mammals.

Genotype —1'oxocara canis (Werner, 1782).

Key to Species.

Parasite of dog tribe - ... . .iiiiiii ity n canis, p. 59.
Parasite of cat tribe ........ i i it mystax, p. G0.
Parasito of elephant ........................ elephantis, p. 60.

1. Toxocara canis (Werner, 1782) Stiles. in Stiles and Hassall,

1905, (Fig. 18.)

Synonyms :—ZLwmnbricus canis  Werner, 1782 ii.umrie nulﬁf-"
Frolich, 1780; Ascaris triquetra Schrank, 17903 .Frwar;a
triquetra Zeder, 1800 ; Ascaris marginata Rudolphi, 1802 ;
Belascaris marginata Railliet and Henry, 19113 Belascans
vulpis Railliet and Henry, 1911.

Hosts :—This species, which is a cosmopoliwﬂ_ P‘“asnﬁ of
dogs, is recorded in India from the following animals : dOg,

M. 18.—Toxocara canis. A, anterior end. ventral view ; B, lips.
Jig: 18 dorsal view ; C, posterior end of male, lateral view ; D, egg.
a., cervical ala ; s., spicules. (From Baylis, after Yorke and

Maplestone.)
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Punjab, common (Gaiger), Calcutta (?) (Baylis and Daubney),
Colombo, Ceylon (v. Linstow) *: jackal (Canis aureus),
Indian wolf (Canis pallipes) and Indian fox ( Vulpes bengalensis),
Zoological Gardens, Calcutta (Baylis and Daubney).

This species reaches a length of 50-100 mm. in the male
and 50-180 mm. in the female. The cuticular striations
are 9-37 p apart. The anterior lobes of the pulp of the lips
are digitiform, tapering and convergent. The cervical ale are
long and narrow, and diminish gradually in width posteriorly.
The spicules of the male are about 0-75-1 mm. long. The
eggs measure about, 0-075-0-08 mm. in diameter.

2. Toxocara mystax (Zeder, 1800.)

Synonyrms :—Ascaris cati Schrank, 1788 (part); Fusaria mystax
Zeder, 1800; Ascaris mystax Rudolphi, 1802 ; Belascaris
mystaz Castellani and Chalmers, 1910 ; Belascaris cati Railliet
and Henry, 1911 ; ¥ Ascaris globulus v. Linstow, 1899,

Hosts —This is a common parasite of the cat tribe all
over the world. In India it has been recorded from the
following : domestic cat, Punjab, common (Gaiger), Calcutta (2)
(Baylis and Daubney) ; Siamese domestic cat, tiger (Felis
tigris), jungle cat (F. chaus), fishing cat (Felis viverrina) and
leopard cat (F. bengalensis), all in the Zoological Gardens,
Calcutta (Baylis and Daubney); leopard (F. pardus), Wirawila,
Ceylon (v. Linstow) and in the Zoological Gardens, Calcutta
(Baylis and Daubney).

The male measures about 30-70 mm., the female 40-108 mm.
The cuticular striations are 10-37 i apart. The pulp of the
lips has two long, digitiform anterior lobes, The cervical
ale are relatively broad, increasing to a maximum width
towards their posterior ends and then diminishing rather
suddenly. The fransverse striations on the ale are very
conspicuous. The spicules of the male are much longer
than in 7. canis. They are slightly unequal and measure
1:6-2 mm, The eggs have a diameter of 0-065-0-075 mm.

3. Toxocara elephantis (Rud., 1819).

Synonyms :—Strongylus elephanti Rudolphi, 1819; Strongylus
elephantis indict Diesing, 1851 ; Ascaris lonchoptera Diesing,
1851 ; ** Ascaris elephantis Juckson ” Diesing, 1851 ; Strongylus
elephantis Cobbold, 1879; Belascaris lonchoptera Leiper, in
Khalil, 1923,

Host —Indian elephant. The worm does not appear
to have been actually observed in India. The two records

5

* v. Linstow’s record of ‘' Ascaris mystax "' from a
puppy " probably refers to this species.

* voung sucking
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apparently referring to its occurrence concern elephants
in captivity, one in the United States of America, the other
in Europe.

This species is very imperfectly known, only the female
having been described, and that very inadequately. Jackson
(1847) records ‘“ a small species of Ascaris ” ** from the gall-
ducts of a young East-Indian Elephant that died in this
city [Boston, U.S.A.].”" He states that immense numbers
of the worms were found in the ducts, and a few in the
duodenum. He gives no description of the worm, nor does
he name it. Diesing (1851) gives a very brief description
of the female specimens originally referred to By Rudolphi,
which were in the Vienna Museum and had been collected
from the bile-ducts of an Indian elephant at Geneva. Diesing
recognized that the worm was not a Strongyle but an Ascarid,
and changed its name to Ascaris lonchoptera. In an addendum
he also refers to Jackson’s specimens, under the heading
“Ascaris Elephantis Jackson.” It seems probable that
this is not intended as a name, since Jackson, as already
stated, did not give the worm a name, and it seems clear that
Diesing considered the species identical with his Ascaris
lonchoptera. 1In 1857 Diesing refers again to A. lonchoptera,
adding nothing to his former description, but giving some
figures. von Drasche (1883), who re-examined the _orlgmal
specimens, quotes Diesing’s diagnosis and adds to it some
observationg on the structure of the lips, and a new ﬁgl}re,
making it quite clear that the form in question n, an Ascarid.

Khalil (1922, b) states that Leiper also examined the same
specimens in the Vienna Musenm and came to the copcl_uswn
that they belonged to the genus Belascaris. 1f this is so,
since Belascaris is a synonym of Toxocara, the species must
be referred to the latter genus, and, since t._he earliest §Rcc1ﬁc
name applied to it was elephants Rudolphi, it seems legmmatc.
to emend this obvious lapsus (as was, In effect, done by
Diesing and by Cobbold) to elephantis, and to name the worm

neara elephantis.
TOIJ;::iting t(l)get-her the information given by Diesing and by
v. Drasche, the foll?wlilng is all that can be said at present
morphology of the worm :—

Oflt};,e,gth (I)f female, three inches or more. Thicknc_»ss three-
quarters of & line (1 /16 in.). Body tapering anteriorly and
provided with cervical alm. Lips oval, their pulp having
a pair of deeply-separated anterior lobes and an n'nusnally
broad unpaired lobe, which is slightly emarginate in front.
Fine dentigerous ridges present on the margins of the lips.
In the middle of the lip a short groove, open behind. Tail
conical and pointed. Male undescribed.
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5. Genus TOXASCARIS Leiper, 1907.

Cervical ale present, finely striated. Body bent dorsally
anteriorly. Lips as in Toxocara, but with the anterior lobes
marked off from the main pulp by a deep groove and broad
and bilobed at their extremities. Interlabia absent. Eso-
phagus without bulb. Tail of male conical, without digitiform
appendage. On each side a group of papille near the tip
of the tail. A double subventral papilla between these and
the cloaca, and a row of 25 or more papill=, most of which are
preanal. Spicules subequal, non-alate. Vulva at about the
anterior thi#d of the body. Unpaired portion of uterus
relatively short. Coils of female genital tubes lie between
vulva and posterior end of body. Eggs subglobular, with
thick, smooth shells. Adult worms in the small intestine
of carnivorous mammals.

Genotype :—T'oxascaris leonina (v. Linstow, 1902).

Key to Species.

Parasite of cat and dog tribes . ... .o ovnn leonina, p. 62,
1R Pyt ey e S R R S T 1 transfuga, p. 63.

1. Toxascaris leonina (v, Linst., 1902) Railliet and Henry,
1911. (Fig. 19.)

Synonyms :—Ascaris cati Schrank, 1788 (part) ; Ascaris leptoptera
Rudolphi, 1809 (part); Ascaris leaning v. Linstow, 1902,
Toxascaris marginata of Leiper, 1907 ; Ascaris canis of Glaue,
1909 : Tozascaris limbata Railliet and Henry, 1911 ; ¥ Ascariy
erenulata  Bremser, 1824; 7 Jscaris microptera  Rudolphi,
1819 ; ? Tozxascaris microptera Railliet and Henry, 1911.

Hosts —Taylor (1924) has shown that no morphological
difference can be recognized between Tozascaris limbala
of dogs and 7. leonina of cats. It was formerly supposed
that these were two distinct species, the former being a
parasite of Canide, the latter of Felide. Both have been
recorded from a considerable variety of hosts and from
many parts of the world. On the view that all the Indian
records refer to one and the same species, the following
is a list of hosts :—Lion (Felis leo), tiger (F. tigris), leopard
(F. pardus), ounce, or snow leopard (¥. uncia), fishing cat
(F. viverrina), leopard cat (F. bengalensis), hunting leopard,
or cheetah (Oynalurus jubatus), ? Indian fox (Vulpes bengal-
ensis), probably all in the Zoological Gardens, Calcutta (Baylis
and Daubney).

The male is about 20-70 mm. long, the female about
30-100 mm. The body is relatively slender. The cuticular
striations are 4-14-6 y apart. The cervical ale are long and
narrow, and decrease gradually in width behind.
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The caudal end of the male bears on each side a group of
five papille near the tip of the tail (two subdorsal, one lateral,
two subventral), a double subventral papilla between these
and the cloaca, and a row of 25 or more papille, the first
of which is behind the cloaca, the second at the level of the
cloacal opening and the rest preanal. The preanal papille

Fig. 19.—Tozascaris leonina. Posterior end of male ; lateral view.
(After Taylor.)

are conspicuous near the cloaca, but become smaller anteriorly.
The spicules are slightly unequal and measure 0-7-1:5 mm.
in length.

The tail of the female is sharply pointed. The eggs measure
0:06-0-085 mm. in diameter.

9 Toxascaris transfuga (Rud., 1819) Baylis and Daubney,
1922. (Figs. 20 & 21.)
Synonym :—dAscaris transfuga Rudolphi, 1819,

Hosts —In India this species has been ret:orrlcd from the
following animals :—Himalayan black bear (Ursus torquatus),
U rsus si)., sloth-bear (.'Ilnlurst'w ur.'s‘mus) and red cat-bea‘r
(Llurus fulgens), in the Zoological Gardens, Caleutta (Baylis
and Daubney). It also occurs in the brown bear and polar
bear in other parts of the world. .

The male attains a length of 92 mim. :m(] a thickness .nf
1-8 mm. The length of the female is 110—2110 mm., u:nd' its
maximum thickness 2-8—4-5 mm. The cuticular _strumons
are 8-3-11 p apart. The anterior end (')f: the body is usually
curved towards the dorsal gside. The head measures
0-5-0-6 mm. in diameter, The lips are roughly semicircular
in outline, and each carries two papilla, tholee of the dorsal
lip being equal and symmetrically placed, while those of ('mch
ventro-lateral lip dre rather unequal and asymmet:nc&l,
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the papilla towards the ventral margin being large, the more
lateral papilla smaller and situated slightly further forward.
The pulp of each lip sends out five processes, two in a trans-
verse direction, near the ends of which are the papille, and
three anteriorly. Of the anterior processes two form large,
paired lobes which expand slightly and have a shallow longi-
tudinal groove on their inner surfaces distally. The third
is the unpaired median lobe, which appears to end in short
rays that spread out beneath the cuticle of the inner surface.
The dentigerous ridges are composed of relatively large teeth.
- The cervical ale are well developed and 3-5 mm. long.

The cesophagus is club-shaped and very stout posteriorly
(0-5-0-95 mm.), and measures 4-5 mm. in length.

oL = b

L

Q-1 I,

Fig. 20.—Torascaris transfuga. Dorsal lip, viewed from exterior.
d.r., dentigerous ridge; m.l, median lobe of pulp; Pr
papilla; p.l., paired anterior lobe; t., transverse process
of pulp. (After Bayliz and Daubney.)

The caudal end of the male is curved ventrally, but the
extremity is usually recurved towards the dorsal side. The
tail measures 0-4-0-5 mm. in length and is bluntly conical,
but ends in a short spike which has a small terminal papilla-
like button. The caudal papille consist of (1) four pairs
near the tip of the tail (two small and subventral, two larger
and more lateral) ; (2) an isolated lateral pair: (3) a pair
of large double papille ; (4) thirty or more pairs of papille
extending for a considerable distance in front of the cloaca.
This last series begins just behind the cloaca, and the papilla
in each row are at first close together and tend to form two
alternating rows, but further forward the rows become single
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and the papille wider apart. The spicules are very short
and stout, measuring about 0-53-0-65 mm. in length and
0:054 mm. in thickness. Their surfaces are covered with
small granulations.

The tail of the female is bluntly conical and almost rounded
posteriorly, but has a small papilla-like termination; as in
the male. It measures up to 1'4 mm. in length. The vagina
is narrow and convoluted and measures about 4 mm. in length.

ventro-lateral

tig, 21.—Toxascaris st el of male : "
Fig transfuga, Posterior e urrounding

view. s, right spicule ; w., wall of rlepressio'n §
cloacal aperture,  (After Baylis and Daubney)

It leads into a uterine chamber, not exceeding 5 mm. i
length, which gives off posteriorly the two uterine blzil‘l(?h(’a.
The eggs are oval and measure i)-077—0~09><0'06—0‘0’° mi.
When ready for laying, the smooth shell appears to beeomei_
covered, as in Ascaris lumbricoides, with an irregular coat o
a yellowish albuminous substance, which possibly led Dujardin

to deseribe them as punctulated.

NEM, F
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histological structure, or a muscular bulb.

ASCARID.E.

Subfamily ANISAKIN/E Railliet and Henry, 1912,
emend. Baylis, 1920.

(Esophagus may or may not be divided into an anterior
muscular portion and a posterior ventriculus of different

When a ventriculus

ig absent, and frequently when it is present, there is an anterior
' cmceum springing from the intestine and lying parallel to the
esophagus. A posterior appendix, or occasionally several
such appendices, some of which may be directed anteriorly,
may also be develogid in connection with the ventriculus.
Adult worms in the alimentary canal of vertebrates, mainly

of aquatic or fish-eating animals.

Life-history, where known,,

indirect, involving an intermediate host, most commonly
a fish.

oW

04

in the genotype.

. Dentigerons ridges present ;

. Dentigerous ridges present

. Ventriculus with a single appendix

. A longitudinally-folded collar present behind

Key to Genera.

Ventriculus without appendix. ..o . ...
Ventriculus with an appendix. or several

appendices ..., ..., .
An intestinal cmeuwn present
Intestinal cseum absent

(V0T S o B Nt L e A e e £ G i
Dentigerous ridges absent in adult. but
tooth-like structures present on inner

surfaces of lips: ventriculus a sub-
globular bulb. .. ... .. ...,

Dentigerous ridges absent

Ventriculus with several appendices ... .
Intestinal ceecum absgent .. .. .ot
An intestinal cseum present ... .........
Cuticle with transverse rings of spines . ...
Cuticle without spines .. ... .. ... ...,
20 N SRR A TS S S SRR e S Y

No longitudinally-folded collar behind the
lips

..... .

. Interlabia and interlabial grooves present. .

Interlabia and interlabial grooves absent . .

1.
4,

2,
3

Porroozcua, p. 64,

DUTARDINIA, p. 0.
PAHANISAKIS, p. 92.
BELANTSAKIS, p. 66,

7.

Rapnipascants, p. 67,
6.
Gorzia, p. 107,
CoNTRACECUM, p. 79-

TYPHLOPHOROS, p. 104,
8

MuLricacu, p. 100,
Porycecun, p. 102.

1. Genus BELANISAKIS Maplestone, 1932.

Lips without dentigerous ridges. Interlabia present. (Eso-
phagus with an oblong ventriculus. (Esophageal appendix
and intestinal cmcum absent. An accessory piece present

Adult worms parasitic in birds.

Genotype :—Belanisakis ibidis Maplestone, 1932.
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1. Belanisakis ibidis Maplestone, 1932,

Host :—Black-headed ibis (Zhreskiornis [Ibis] melano-
cephalus) (intestine) ; Zoological Gardens, Calcutta.

The male measures 23 mm. in length and about 0-54 mm.
in maximum thickness, the female 34 mm. and 0-71
respectively. Broad cervical al@ are present, extending nearly
to the level of the posterior end of the cesophagus. They
have a maximum width (in the male) of 0:16 mm. In the
male the cesophagus measures 2:7 mm. in length, the
ventriculus 0:79 mm. ; in the female these organs measure
3:1 mm. and 1 mm. respectively.

The tail of the male is 0-24 mm. fong. It is narrowed
rather suddenly a little behind the cloacal aperture, and
glightly swollen again before the tip, which is bluntly conical.
The postanal papille consist of a pair of double papille
a little behind the cloacal aperture and two pairs of small
papillz near the tip of the tail. There is a series of 18 pap}llm
extending forward from the cloacal aperture on each sl_de,
the most posterior papilla being adanal. These papill®e
become more widely separated anteriorly, and extcnd_ to
a distance of about 4 mm. from the posterior extremity.
The spicules are stout, equal and bluntly pointed, and
measure 0:5 mm. in length. There is an accessory piece
in the form of a chitinoid nodule, 0-:06 mm. long. P

The tail of the female measures 0:79 mm. in length, and is
tapering and pointed. The vulva is situated at a_distance
of 11-7 mm. from the anterior end. The vagina runs
posteriorly for a distance of about 2 mm. * A short portion
of the vagina at its commencement is divided off fron} the
rest of the organ by a valvular structure, and posteriorly,
just before dividing into the two uteri, it takes a glose
S-shaped curve.” 'The uterine branchqs eytend postcno'rly
almost as far as the anus before passing into the ovarian
tubes, and the latter run forward with a very convoluted
course to within a short distance of the vulva. The eggs
meagure 0:06<0:048 mm.

2 (Genus RAPHIDASCARIS Railliet and Henry, 1915.

Lips without dentigerous ridges. Interlabia present.
(Esophagus with a small ventriculus, from which _springs
a posterior nppendl‘x. No intestinal cecum. Adult’ worms
in the stomach and intestine of fishes.

Genotype :—Raphidascaris acus (Bloch, 1779).

2
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1. Raphidascaris diadonis Thwaite, 1927. (Fig. 22.)

Host :—Diodon hystriz ; Negapatam, South India.

The male measures 38-52 mm. in length and about 1 mm.
in maximum thickness, the female 45-62 mm. and about
1-5 mm. respectively. The body is more tapering anteriorly
than posteriorly, and the cuticle is finely striated. The
lips are 0-24-0-3¢4 mm. long and 0-18-0-25 mm. wide. The
interlabia are 0:092-0-138 mm. long. The cesophagus is
4-0-6-7 mm. long, excluding the ventriculus, which measures
0-215-0-365 mm. in length and 0-3-0-56 mm. in width. The
esophageal appendix is 0:86-1-46 mm. long. The cervical

Fig. 22.—Raphidascaris diadonis. A, head, dorsal view ; B, portion
i of msophagus and intestine, showing ventriculus and
appendix ; C, posterior end of male, lateral view. (After

Thwaite,)

papille and excretory pore are at about 1 mm. from the
anterior end, and the nerve-ring is about 0-1 mm. in front of
them.

The tail of the male is conical and 0:15-0-23 mm. long.
Its tip may be sharply pointed and apparently smooth,
or may be covered with minute spines. ** There are about
three to six pairs of minute postanal papille and about
30 pairs of preanal papille. These latter appear to vary
somewhat in number in the various individual worms, t_he
numbers ranging from 23 to 35 on each side. In the vicinity
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of the anus the papille are extremely small, but become
progres‘swe]y larger as the distance from the anus increases.
A median preanal papilla is usually present, but apparently
not constantly so.” The spicules are equal and alate, and
measure 0-276-0-35 mm. in length. They terminate distally
in small knobs.

The tail of the female is conical and 0-46-0-54 mm. long.
The vulva is sitnated at about the anterior third of the body.
The average dimensions of the eggs are 0:063 > 0-056 mm.

3. Genus PORROCZECUM Railliet and Henry, 1912.
Synonym :—Perranova Leiper and Atkinson, 1914,

Lips with dentigerous ridges. Interlabia usually present.
(Esophagus with an oblong_ventriculus, which is short in
the genotype and in some other species, but in others is often
long and bent so as to open into the intestine lutcml!y.
An intestinal csmcum present. No cesophageal apppn(hx.
An accessory piece (gubernaculum) is rarely present 1n .thc
male. Adult worms in intestine or stomach of birds, reptiles,
fishes and marine mammals.

Genotype :—Porrocazcum crassum (Desl., 1824).

Key to Species.

Parasites of birds . .....cvuiercaanravans 1.
Parasites of fishes .. .....ciiivveccaanass 4.
1. Parasite of ducks. . ..., .coeiivenrcnancns crassum, p. 69.
Parasites of birds of prey......oooeceaens 2.
Parasites of herons, egrets, cranes, &c. ... 3.
9, Pulp of dorsal lip with two bifurcated >
ANtATIOr 10DE8 oo vvvroveeannaaannaesss depressum, p- 70

Pulp of dorsal lip with two rounded anterior

lobes, each bearing a flattencd and !
angusticolle, p- 71

expanded ProCess ..........c.oceerzers
3. Male with about 15 pairs of preanal papill®. 2
Spicules about 1-25 mm. long ......-.:- ardese, p. 73-
Male with five pairs of preanal papille®. .
Spicules about 05 mm. long .......-c-¢ re(w:_datrm_:, p. 4.
4. Parasite of sawfish ... o .. 0. a0 pristis, p- 15.
Parasite of shark ........ ... coeaaiaens galeocerdonis, p. 7.

1. Porroczecum crassum (Des]., 1824) Railliet and Henry, 1912.

Synonym .— Ascaris crassa Deslongchamps, 1824,
Hosts -—This species occurs in ducks, both wild and

domestic, in Enrope and other parts of the world, and has

also been recorded from the guineufowl. In India it has

been recorded by Baylis and Daubney from a domestic duck

at Bombay.
The male measures

12-30 mm. in length, the female
43-53 mm. The greatest thickness is 0-5-1:2 mm.

in the
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male and up to 2:2 mm. in the female. The ventriculus
is very short and almost globular. The tail of the male is
about 1/46 of the total length and is conical, with a terminal
spike. The spicules are 0-52-0-7 mm. long and are alate,
with blunt tips.

The tail of the female is pointed and about 1/55 of the
total length, The vulva is slightly behind the middle of the
body, dividing it in the proportion of about 13:1l. The
eggs are globular and have a diameter of about 0:1 mm.

2. 'Porroczcum depressum (Zeder, 1800) Baylis, 1920.
(Fig. 23.)

Synonyms :— Fusaria depressa Zeder, 1800; Ascaris depressa
Rudolphi, 1809,

Hosts :—This is a common parasite of birds of prey in
many parts of the world. It has been recorded in a large

@L.

0'] .

Fig. 23.—Porrocaecum depressum. Dorsal lip of female, viewed from
exterior. d.r., dentigerous ridge; m.l., median lobe of
pulp ; p., papilla. (After Baylis and Daubney.)

number of species of hawks, eagles and vultures. In India
it has been recorded by Baylis and Daubney from the
cinereous vulture (Hgypius [Vultur] monachus). Its inter-
mediate hosts are, in all probability, shrews and moles, larval
forms found in these animals, and originally described by
Rudolpbi in 1802 as Ascaris incisa, probably belonging to this
species.
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: This is a _rather slender form. The male measures
24-100 mm. in length, the female 30-112 mm. The pulp
of the dorsal lip has two bifurcated anterior lobes and a large
median lobe which projects anteriorly beyond the ** saddle ”
separating these lobes. The interlabia are small.

The tail of the male has a conical terminal prolongation
bearing five pairs of small papille. There is also a pair of
large, double papilli behind the cloacal aperture. The preanal
papillz consist of about 17 pairs.

The vulva is situated a little in front of the middle of the
body, dividing the latter in the proportion of about 5 : 6.
I'he eggs have finely punctate shells, thickened at the poles.

3. Porrocazeum angusticolle (Molin, 1860) Baylis and Daubney;

1922. (Figs. 24 & 25.)

Synonym ——Ascarts angusticollis Molin, 1860.

Hosts :—Like P. depressum, this species has been 1:ccordqd
not only 1 India

from a variety of species of birds of prey,

0-1mims
Fic. 24.—Porrocacum angusticolle. Dorsal lip of female, viewed from
i _ . _ I ; g
exterior. €., cuticular ridge; .7, dentigerous ridge ;

p.. papilla.  (After Baylis and Daubney.)

but in Burope and Africa, Its Indian hosts include the kite
(Milyus migrans govinda) and a vulture, both recorded by
Baylis and Daubney, the latter from Satpara, Chilka Lake,
Orissa. The British Museum (Natural History) also possesses
a specimen obtained from a ** fish-hawk ™ at Poona.
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Relatively to its length this is a somewhat more slender
form than P. depressum. The male measures up to 55 mm.
in length and 1-1 mm. in thickness, the female 40-90 mm. and
1'5 mm. respectively. The dorsal lip is almost hexagonal,
with rounded angles. The pulp sends out two rounded
anterior lobes, from the inner surfaces of which spring two
flattened and expanded processes. Towards the base of
the lip there is on either side a rather conspicuous longitudinal
ridge or fold of cuticle. There are small, triangular inter-
labia. The cuticular striations on the body are about 17 p
apart. Anteriorly the body tapers to form a long, slender
neck. The head is small, its diameter being about 0:24—
0-26 mm. There is a slight constriction at its junction with

Qe

Fig. 25.—Parrocacum angusticolle. Posterior end of male ; ventral view.
(After Baylis and Daubney.)

the neck. The wsophagus is 4-8 mm. long, including a short,
oblong ventriculus measuring 06 mm. in length. 'I‘h‘o
intestinal cmeum is 2:7-3 mm. long. The nerve-ring is
situated at about (-85 mm. from the anterior extremity.
At about 1-7 mm. from the anterior end there is a pair of
large, sessile cervical papille.

The tail of the male is conical and measures (-39 mm,
in length. About half-way between the cloaca and the
tip of the tail there is a distinet constriction. There are
four pairs of papille on the portion behind the constriction,
a pair of double papille just behind the cloaca and about
20 pairs of preanal papille, the most posterior of which is
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just in front of the cloacal aperture. The spicules are non-
alate and equal, measuring 0:95 mm. in length.

The tail of the female is blunter than that of the male
and measures (-7 mm. in length. There is a pair of caundal
papill2 at 02 mm. from the tip. The vulva is situated
in the anterior half of the body, dividing the latter in the
proportion of 3:5. The eggs measure 0-085-0-093 % 0:058—

0-074 mm.

4. Porroczeum ardez (Frolich, 1802). (Fig. 26.)
Synonyms :—Ascaris ardew Frolich, 1802, nec Smith, Fox and
White, 1908 ; Ascaris serpentulus Rudolphi. 1808 (not A. arde-
arum Rud., 1819).

Hosts —Herons and cranes in various parts of the world ;
also recorded from the flamingo. Recorded in India from
the common crane (Grus grus) and demoiselle crane
(Anthropoides virgo) in the Calcutta Zoological Gardens (Baylis
and Daubney).

The size of this species
male usually measures about 40—

appears to be very variable. The
55 mm. in length and 1 mm.

Fig. 26.—Porroczcum ardesms, Posterior end of male ; lateral view.
(After Baylis and Daubney.)

in thickness; the female muy measure up to 160 mm. in length,
and its thickness varies between 2 and 4 mm. Specimens
from cranes appear to have a relatively shorter and stouter
build than those from herons. The pulp of the dm:sul lip
has two bifurcated anterior lobes. The mnterlabia are
relatively large. There is a pair of lateral ale cxtcn(h_nlg
throughout the length of the body, and particularly wide
for a distance of about 3 mm. from the head. The cesophagus,
in a specimen 50 mm, long, measures 3-4 mm., the ven-

triculus 0-4 mm. and the intestinal ceeecum 3 mm.
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The tail of the male is suddenly constricted in the middle
so as to form a finger-shaped terminal appendage. This
bears five pairs of papille (two ventral, two subdorsal, one
lateral). On the anterior portion of the tail there is a pair
of large, double papille, directed posteriorly. The preanal
papillee are arranged in regular series of about 15 on each
side. The spicules are equal, measuring 1-25 mm. in a
specimen of moderate size, and have very broad ale.

The eggs measure about 0-1 x0-078 mm., and the surface
of their shells has a reticulate pattern.

5. Porroczcum reticulatum (v. Linstow, 1899) Baylis and
Daubney, 1922. (Fig. 27.)

Synonyms :——Ascaris reticulata v. Linstow, 1899 ; ? Ascaris ardeal
Smith. Fox and White, nec Frolich, 1802.

Hosts -—Herons and egrets in various parts of the world.
The species has been recorded in India from the eastern
purple heron (Ardea purpurea manillensis), the night heron
(Nyeticoraz nycticorax [griseus]) and an egret (species unknown)
in the Zoological Gardens, Calcutta (Baylis and Daubney).

oA mm

Fig. 27.—Porroczcum reticulatum, Posterior end of male; lateral view.,
a.p., accessory piece; s., right spicule. (After Baylis and
Daubney.)

The description of this species has been considerably
amplified by Hsii (1933), on the basis of Chinese material
from Nycticorax nycticorax. 1t is a relatively slender form,
the male measuring up to about 56 mm. in length and 0:-81 mm.
in maximum thickness, the female up to about 87 mm,
and 1-6 mm. respectively. The dorsal lip is about 0:35 mm.
long and 028 mm. wide at its base. Its pulp has two
convergent anterior lobes. There are well-developed inter-
labia. Cervical ale are absent, According to Hsii, the
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wsophagus, excluding the ventriculus, is about 2:2-3:8 mmn.
long in the male and about® 5:5-6:8 mm. in the female.
The ventriculus is oblong and relatively short, measuring
0-28-0-4 mm. in length in the male and 0-57-0-66 mm. in the
female. The intestinal cecum is well developed and extends
for a considerable part of the length of the asophagus. Hsi
gives its length as 1:64-1-8 mm. in the male and 4-23—4-67 mm.
in the female. The nerve-ring is situated at 0-46-0:71 mm.
from the anterior extremity in the male and at 0-9 mm.
in the female.

The tail of the male is 0-27-0-36 mm. long, and is con-
stricted somewhat in front of its middle so as to form a finger-
like terminal appendage. The latter bears two pairs of small
subventral papill@ and also, according to Hsii, a lateral pair.
Just in front of the constriction there is a pair of large papille
which are stated by Hsi to have double nerve-endings.
Previous authors have described the presence of five pairs
of preanal papille, but Hsii finds six or seven pairs. The
spicules are tubular, non-alate and 0-:35-0-57 mm. long. They
have a rough, granular appearance. There is a large, smooth
accessory piece, or gubernaculum, which was first noted
by Baylis and Daubney (1922), in whose material it measured
about 0-3 mm. in length. According to Hsit it is 0:13-0-23 mm.
long.

The tail of the female is about 1 mm. long, and bears
a pair of lateral papille near the tip. The eggs are almost
spherical and measure 0-107-0-1120:086-0-092 mm. The
surface of their shells is closely pitted, this giving it the
reticulate appearance noted by v. Linstow.

6. Porrocecum pristis Baylis and Daubney, 1922, (Figs.

28-30.)

Host :—Sawfish (Pristis perrotteti) ; Ulubaria, River Hooghly.

The male measures up to 26:6 mm. in length and 0-74 mm.
in thickness, the female 34:2 mm. and 1:06 mm. respectively.
The diameter of the head is 0-16-0-18 mm. The cuticular
striations are 8:7-10 . apart. The lips are small, and pass
into the neck without any constriction at their bases. Fach
has a narrow, bilobed, anterior process, carrying two small
cuticular pmjc(-tions on its inner surface, in addition to &
dentigerous ridge composed of minute denticles. The dorsal
lip is shorter than the ventro-lateral lips, and has two large
papille. Bach ventro-lateral lip has a large, lozenge-shaped,
ventral papilla and a much smaller lateral papilla, situa
more anteriorly. Interlabia are absent. The cesophagus,
including an oblong ventriculus 0:6-0-78 mm. long, measures
2.3-9.7 mm. in length. The intestinal cecum is 0-95-1-3 mm.
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long. There is a pair of prominent, rounded cervical papille
at 0-65-0-67 mm. from the anterior extremity. The nerve-
ring is situated at 0-46-0-53 mm. from the same point.

Fig. 28.

,,
(e\@¢g
(&)%e

Fig. 28.—Porrocawcum pristis. Head of female; dorsal view, d.l,

dorsal lip; “p., right papilla of same. (After Baylis and
Daubney.)

Fig. 20.—Porrocacum pristis. Posterior end of male; lateral view,
(After Baylis and Daubney.)

Fig. 30.—Porrocacum pristis. Posterior end of male; ventral view,
(After Baylis and Daubney.)
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The tail of the male is conical and measures 0-:38 mm.
in length. It is provided with slight caudal ale. There
are seven pairs of postanal papille, the fifth on each side
from the posterior end being large and double. The second
and third are more laterally placed than the others. There
are about 40 pairs of preanal papille, beginning with a pair
at the corners of the cloacal aperture. There is also a median
papilla on the anterior lip of the cloaca. The spicules are
equal, non-alate and 0:9 mm. long.

The tail of the female is bluntly conical and measures
0-44 mm. in length. There is a pair of caudal papille at
0-162 mm. from the tip. The vulva is somewhat behind
the anterior third of the body (at 12:3 mm. from the anterior
end in a specimen 34-2 mm. long). The muscular vagina,
which runs posteriorly, is only about 0-7 mm. long, expanding
in its posterior half to a diameter of 0-19 mm. This swollen
portion forms an egg-reservoir, and is followed by a wide
unpaired portion of the uterus, about 2 mm. long, which gives
off posteriorly the two uterine branches. These run ahl}o&_&-
straight towards the posterior end. The posterior limit.
of the coils of the ovarian tubes is about 1-5 mm. from the
posterior end. The eggs are spherical and have thin shells
measuring 0:0475 mm. in diameter.

7. Porroczcum galeocerdonis Thwaite, 1927. (Fig. 31.)

Host -—A shark (Galeocerdo tigrinum) ; Twynams Paar,
Pearl Banks, Ceylon.

This species appears to be extremely closely related to
P. pristis. The male measures 17-7-32:6 mm. in length and
0:67-0-80 mm. in maximum thickness, the female 22-:2—44 mm.
and 0-83-1-4 mm. respectively. The body is tapering anteriorly,
and bears a pair of cervical papille at about 0-6 mm. from
the anterior end. A pair of narrow lateral al@® extcnd_ from
the base of the lips to the posterior third of the body in the
male, and to about the level of the vulva in the fem:}le. Tl)e
diameter of the head is about 0-18 mm. _Euch llp, as in
P. pristis, has a narrow anterior projection bqarmg rtWO
tooth-like processes and, between these, fine denticles. The
dorsal lip has two large papille, each ventro-lateral lip &
larger ventral and a smaller lateral papilla. The pulp of the
dorsal lip forms two rounded anterior lobes. Interlabia
are absent. The wsophagus is 2:3-3:1 mm. long, the
ventriculus 0-6-0-83 mm. and the intestinal cwecum 1
1-8 mm. The nerve-ring is situated a little in front of the

cervical papille. \
The tail of the male is sharply
0:275 mm. in length. On its ven

pointvcd and measures about
tral surface behind the
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cloaca there are a number of small cuticular spines. There
are about eight pairs of postanal papille, the sixth pair
from the posterior end being large and double. The preanal
papille number 47-70 on each side, and there is also a large,
median papilla on the anterior lip of the cloaca. The spicules
are equal or subequal, 0-52-0-774 mm. long and rather
sharply pointed.

Fig. 31.—Porrocaccum galeocerdonis. A, head, dorsal view ; B, posterior
end of male, ventral view, (After Thwaite.)

The tail of the female is sharply pointed and measures
0-4 mm. The vulva is situated at 8-12-8 mm. from the
anterior end, dividing the body in the proportion of
1:28 to 1:3-8. The vagina is about 0-8 mm. long, and i‘ts
posterior portion is expanded to form an egg-reservoir.
The eges have a diameter of 0:041 mm.

8. Porroczecum sp.

Baylis and Daubney (1923) have recorded larval forms of
a species of this genus from the mesentery of a fish, Otolithus
maculatus. They have also recorded larval forms, which may
have belonged to this genus or to Anisakis, from the body-
cavity of a deep-sea fish, Dysalotus alcocki (Marine Survey,
Station 315, 705 fathoms), and from either Cailichrous pabda
or Wallago attu (part of ““ L. 33 " of Stewart, 1914, p. 179,
from Lucknow).

9. Ascaris quadrata v. Linstow, 1904 (not 1905).

Host ——Crocodilus porosus (stomach); Bolgoda, Ceylon.

From the meagre details given in the description of this
form it appears possible that it may belong to the genus
Porroceeum. The only character that seems to be against this
is the stated absence of dentigerous ridges on the lips. The
species does not correspond with Porrociecum crocodili Taylor,
1924, which has been recorded from crocodiles in Africa and
Australia, and apparently it is not a Dujardinia.



CONTRACHCUM 79

v. Linstow’s description is based on a single immature

female. This measured 158 mm. in length and 0-55 mm.
in thickness. The cuticle was finely striated. There were
said to be no dentigerous ridges or interlabia. The dorsal
lip was 0-088 mm. long and 0-132 mm. wide and of quad-
rangular shape, with the anterior angles rounded. 'The
pulp was produced into two quadrangular lobes in front.
The wsophagus occupied a quarter of the total length, and
the intestine gave oft a ventral cmeum two-thirds as long as
the wsophagus. The tail was short and conical, measuring
1/57 of the total length.

4. Genus CONTRACZCUM Railliet and Henry, 1912.

Synonyms :—Kathleena Leiper and Atkinson, 1914 ; Cerascaris
Cobb, 1920,

Lips without dentigerous ridges. Interlabia present, usually

wwery well developed. (Esophagus with a small ventriculus,
giving off a solid posterior appendix. An intestinal cecum
present. Adult worms in intestine or stomach of fish-eating
mammals and birds, and of fishes.

1.

Genotype :—Contracecum spiculigerum (Rud., 1809).

Key to Species.

Parasite of Ganges dolphin .............. lobudatum, p. 87.
Parasites of birds ....... Sy e aTaTs e el le Cietrie MIGLS
Parasites of fishes ... ..coiviioaaian 43 4
Parasite of cormorants ...... iis e terwiete ... spiculigerum, p. 79.
Parasite of birds of proy ... ... haliaéti, p. 83.
Parasites of herons, egrets, storks, &e. ... 2.
. Interlabia without transverse processes.... 3.
Interlabia with transverse processes....... tricuspe, p. 84.
Male with six pairs of postanal papillz. : 7
Spicules 2.83-28mm.long .....ieniaaan microcephalum, p. 81.
Male with nine pairs of postanal papill®. : :
Spicules 3:28 mm. ..... O S R rosarium, p. 82.
Male with ten pairs of postanal papille. 3
Spicules I'Smim. ... .iiaiiiaianeen . engonium, p. 85.
. Adult parasitic in sword-fish and peacock-
fish . ovoeenonen 5:a 0 iu o e o s eRate e b R28 (olm a By incurvum, p. 88,
Adult paragitic in § iark and skate,. ... .- plagiostomorum, p. 90.
trichiuri, p. 91.

Adult parasitic in Trichiurus ........-. v

Contracezecum spiculigerum (Rud., 1809) Railliet and Henry,
1912. (Fig. 32.)
Synonyms +—Ascaris spiculigera Rudolphi, 1809 ; Ascaris variegata
Rudolphi, 1809.
Hosts —This extremely widely distributed form occurs

in almost all species of cormorants in all parts of the world.
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It has also been recorded from a variety of other fish-eating
birds, including pelicans, gulls, divers, guillemots and
mergansers. In India it has been recorded from the little
cormorant (Phalacrocorax niger [P. javanicus], at Samal Island,
Lake Chilka, Orissa, and the Indian shag (Phalacrocoraz
fuscicollis) (Baylis and Daubney). v. Linstow also records it
(though this record may possibly refer to C. tricuspe or
another species) from the Indian darter or snake-bird (4 nhinga
[Plotus] melanogaster) at Wirawila, Southern Province, Ceylon.

The external appearance of this species appears to be very
variable, some specimens being relatively long and slender,
others short and stout. Tt is possible that there may be
a number of geographical races or host-races, but the differ-
cnces between them do not appear to be of sufficient
importance to be regarded as specific.

The average length of the male is about 30-45 mm., and
that of the female rather greater. The male attains a

Fig. 32 —Contracwcum spiculigerum. Head of femalo; dorsal view.
(Original.)

maximum thickness of about 0-9 mm., the female of 1-8 mm.
The head is relatively small, and is followed by a wider neck,
the cuticle of which is thrown into deep transverse folds,
giving it a serrated appearance. The cuticular striations
on the body are about 62-92 u apart. The lips are rather
small, and each is produced anteriorly to form two forwardly
and laterally directed processes. The interlabia are large
(almost as long as the lips) and falciform, with their tips
bent inwards. The cesophagus is narrow and occupies ahout
1/9 or 1/8 of the total length. The wsophageal appendix
measures 1-2-1-86 mm. in length, and the intestinal cecum,
which is very voluminous, runs forward for a very con-
siderable portion of the length of the @sophagus.

The tail of the male is conically pointed and measures
0-25 mm. or more in length. There are seven pairs of post-
anal papille (four subventral, three lateral) and 38 to 56 pairs
of preanal papille. The spicules are of relatively great
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length, measuring in some specimens as much as 8§ mm.,
and have well-developed ale.

The tail of the female is conical and about 0-4 mm. long.
The vulva is situated at about the anterior third of the body.
The eggs are spherical and measure 0-05-0-052 mm. in diameter.

2. Contraczcum mierocephalum (Rud., 1809) Baylis, 1920.
(Fig. 33.)
Synonyms :—Ascariz microcephala Rudolphi, 1809 : Kathicena

arcuata Gedoelst, 1916; Contracxcum quadricuspe Walton,
1923 ; t Ascaris coronata v. Linstow, 1906.

Hosts :—This species has been recorded from a number of
species of herons, egrets, bitterns and storks in Europe,
Asia, Africa and North America, and even in the domestic
duck. The determination of the species may, in some cases,
be open to question. In India it has been recorded from the
pond heron (drdeola grayii) at Samal Island, Lake Chilka,
Orissa (Baylis and Daubney), while v. Linstow’s record of
Ascaris coronata from the same host at Tissamaharama.
Ceylon, very probably refers to C'. microcephalum.

Pus =X
P 2
A >
P >
2 =
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Eig. 33.—Contracecum microcephaluwm. A, head, dorsal view ; B, pos-
terior end of male, ventral view. (After Gedoelst.)

The male is 15-45 mm. long, the female 23-70 mm. The
maximum thickness is 0:9-1 mm. in the male and about
1:1 mm. in the female. The lips are relatively small and
have paired anterior processes. On the inner surface of each
lip there is a longitudinal groove. The interlabia are large
(nearly as long as the lips), and have slight indentations at
their tips. The cuticle of the neck is deeply folded, as in
C. spiculigerum. There is a pair of cervical papille at
0:4-0:72 mm. from the anterior end. The cesophagus is
2:8-3-6 mm. long, the msophageal appendix 0-8-1-25 mm.,
and the intestinal c@cum about three-quarters of the length
of the cesophagus.

NEM

G
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The tail of the male ig 0-23-0-24 mm. long. There are
six pairs of postanal papille (four subventral, two lateral)
and 20 to 31 pairs of preanal papillz. The spicules, which have
well-developed al@, measure 2:3-2-8 mm. in length.

The tail of the female is 0-44-0-5 mm. long and is conical.
It bears a pair of papille at 0-24 mm. from the tip. The
vulva is in front of the middle of the body, which it divides
in the proportion of 2:3 or 1:4. The eggs are subglobular
or oval and measure 0-064-0-072%0:048-0-064 mm. Their
shells are thin and have a rough surface.

3. Contraczecum rosarium (Connal, 1912) Baylis, 1920.
(Fig. 34.)

Synonym :—Ascaris rosarius Connal, 1912.

Hosts :—Originally recorded from a night heron (Nycticorax
sp.) in West Africa, this species has been recorded from
Nycticorax nycticorax [N. griseus] in India by Baylis and
Daubney.

! O-1 eI

Fig. 34.—Contracacum rosarium. Posterior end of male ; ventral view.
(After Baylis and Daubney.)

This form is very similar to C. microcephalum, but differs
from it in the number of caudal papilli in the male. Th({ male
measures about 26 mm. in length and 0-6 mm. in maximum
thickness, the female 30-8 and 07 mm, respectively. The
width of the head (in the male) is about 0-2 mm. The neck
widens abruptly to 0-3 mm. The esophagus is 3-9 mm. long
(in the male), its appendix 0'7 mm. and the intestinal c@cum
2-46 mm. The nerve-ring is situated at 0-5-0-57 mm., and
the excretory pore at 0-:51-0-59 mm., from the anterior end,
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The tail of the male is 0-22 mm. long, according to Connal.
In the Indian material referred to above it measured only
about (-1 mm. According to Connal’s description there are
only three pairs of postanal papille. Baylis and Daubney
found nine pairs, the fifth from the posterior end being double
papille. The preanal papille are numerous. The spicules
are alate and measure 3-28 mm. in length.

The vulva of the female is situated at 1-59 mm. from the
anterior end, according to Connal, and the vagina is about
0-17 mm. long. The eggs, according to the same author,
are rounded ovoid, measure 0:026x0-:021 mm., and have

thick shells.

4. Contraczcum haliaéti Baylis and Daubney, 1923.

Synonyms :—Ascaris aquille Smith, Fox and White, 1908, nec
Ascaris aguile Gmelin, 1790 ; ? Ascaris ceylanica V. Linstow,
1904 ; ? Ascaris ceylonica v. Linstow, 1907 ; ? Ascaris zeylanica
v. Linstow, 1907 ; ? Ascaris fissicollis v. Linstow, 1906.

Hosts ~—Ascaris aquillz Smith, Fox and White, which was
renamed C. haliaéti by Baylis and Daubney, was originally
recorded from a sea-eagle (Haliaeetus leucocephalus) in the
Zoological Gardens at Philadelphia, U.S.A. Baylis and
Daubney recorded what was believed to be the same species
from the white-bellied sea-eagle (Haliaeetus leucogaster)
at Barkuda Island, Lake Chilka, Orissa. The species des-
cribed by v. Linstow under the name of Ascaris ceylanica
(of which ceylonica and zeylanica are simply variants) was
recorded from the fish-eagle (Icthyophaga [Poliaétus] ichthy-
aétus) at Kalpitiya, and from the Brahminy kite (Haliastur
indus) at Colombo, in Ceylon. The species described by the
same author as Ascaris fissicollis was also recorded from
Haliastur indus at Nedunkeni, Northern Province, Ceylon.
All these supposed species are imperfectly described, and,
with the exception of 4. ceylanica, known from females only,
but there seems to be some justification for thinking that
they are all one species. Pending a definite solution of this
question, however, the name haliaéii is retained.

The material described by Smith, Fox and White consisted
of two females only, one of which was damaged. The complete
specimen measured 50 mm. in length and 1-5 mm. in thickness.
The head was 0-25 mm. wide at the base. The dorsal lip
measured 0-11 mm. in length and 0-15 mm. in width at the
base, and had two large anterior projections. The csophagus
had a posterior appendix, and a large intestinal ceecum Wwas
present. The vulva was in front of the middle of the body.
The eggs, which had thin shells, covered with small tubercles,

measured 0:08-0:09 X 0:05-0-06 mm. b
a2
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In his description of Ascaris ceylanica v. Linstow states
that all the specimens were fragmentary. He mentions
that there were no dentigerous ridges and that large inter-
labia were present, so that, although no mention is made of
the structure of the alimentary canal, it seems probable
that he was dealing with a species of Confraczcum. The
male had a thickness of 1:22 mm., the female of 15 mm.
The dorsal lip was 0:073 mm. long and 0-099 mm. wide.
The tail of the male was 0-22 mm. long, and the spicules
measured 5:53 mm. in length. The tail of the female was
0-32 mm. long, and the eggs are described as thick-shelled
and spherical, with a diameter of 0:062 mm.

In describing Ascaris fissicollis v. Linstow again mentions
that dentigerous ridges are absent and interlabia present.
The latter are * obtusely conical, attenuate from the middle,
with an outer groove.” The material included three females,
measuring 15, 34 and 36 mm. respectively in length and
0:79-1-25 mm. in thickness. The cuticle is annulate.
*“ Behind the lips the annulation is so deep that the contours
appear fringed.” The dorsal lip is semicircular in outline,
and measures 0:083 mm. long and 0-11 mm. wide. The
cesophagus occupies 1/6 of the total length. The tail measures
1/49 of the total length. The eggs are thin-shelled and
spherical, with a diameter of 0-065 mm.

Through the kindness of the Director of the Colombo
Museum the writer has been able to examine the type-
specimens of A. fissicollis. These are in rather poor condition,
and the head of what was probably the 34 mm. specimen
is missing. The smallest specimen is not quite mature.
v. Linstow makes no mention of the presence of an intestinal
cecum or an cesophageal appendix. Both these structures
are present, and the species is a typical Contfraczcum.
In the 36 mm. specimen the wsophagus is about 5 mm. long.
The cesophageal appendix is short (0-6 mm.), and the intestinal
cecum extends forward to a point about 1-6 mm. from the
anterior end. The vulva is situated a little in front of the
middle of the body.

5. Contraczecum ftricuspe (Gedoelst, 1916) Baylis, 1920,
(Fig. 35.)

Synonym :—Kathleena tricuspis Gedoelst, 1016.

Hosts :—Originally recorded from a heron (4rdea sp.)
in the Belgian Congo. Recorded by Baylis and Daubney
from the Indian darter or snake-bird (Ankinga [Plotus] melano-
gaster) at Calcutta.

The male is 13-8 mm. long, the female 12:1-17-5 mm. The
maximum thickness is 0:785 mm. in the male, 0-96-1-28 mm,
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in the female. The cuticle of the neck is deeply folded
transversely. The lips are notched laterally, and each of
the interlabia has two transverse processes which fit into the
notches of the lips. The wsophagus is 3:8-3:9 mm, long
and the wmsophageal appendix 1:6-2 mm. The intestinal
cecum extends forward as far as the anterior quarter of the
wsophagus. The cervical papille are sitnated at ahout
0-7 mm. from the anterior end.

The tail of the male is 0-14 mm. long, and has a terminal
appendage. There are s:x pairs of postanal, one pair of

adanal

Y. 30.—C : 7 1 view; B :
Fig. 356.—Contracacum tricuspe. A, head, dorsa . + Postarior
3 end of male, ventral view. (After Gedoelst.)

and about fifty pairs of preanal papille, arranged in regyjar
series. The spicules measure 4-6 mm. in Iength.

The tail of the female is conical and 0-35-0-44 mm. long,
and hag a pair of papille at 0-18 mm. from the tip. Tye
vulva is situated at about 2/5 of the total length from the
anterior end. The type-specimens contained no matyre

egas.

6. Contraceecum engonium Baylis and Daubney, 1922 (Figs 36
& 37.)

Host —Black stork (Ciconia nigra) : Zoological Gardens,
Calcutta. : ) ) | \

The description of this species was based on a single male
specimen, This measured 13 mm. in length and 0-57 mm.
in maximum thickness. The original description is as
follows :— S ! 3

The head measures 0-19 mm. in (hameff%r. and is constricted
off from the body. The interlabia are simple and undivided
at the tip. The dorsal lip is rounded anteriorly and carries
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a pair of double papillie. The pulp roughly follows the shape
of the lip, but is indented on its anterior edge. Each lip
is provided with a pair of flattened processes springing from
the internal surface and projecting anteriorly like two small
horns at the shoulders of the lip. The muscular portion
of the wsophagus measures 2-75 mm. in length and 0-14 mm.
in thickness. The intestinal cecum is broad and reaches

Fig. 36.

Fig. 36.—Contraccum engonium. Head; dorsal view. 1., interlabium,

: (After Baylis and Daubney,)

Fig. 37.—Contracweum engonium,. Posterior end of male; ventral view,
(After Baylis and Daubney.)

to within 0-69 mm. of the head-end. There is a short ven-
triculus, measuring about 0-14 mm. in length and about
as broad as long. From this is given off a posterior appendix
which is 0-7 mm. in length and 0-15 mm, in thickness.

The spicules are equal, long and slender, measuring 1-8 mm,
in length and 0-022 mm. in breadth. They consist of a
cylindrical shaft with narrow lateral ale. The cloaca is
situated at 0-125 mm. from the tip of the tail, which is abruptly



CONTRACZECUM, 87

attenuated to a conical point. There are ten pairs of postanal
papille, of which the first, fourth, fifth and seventh are
latero-ventral. The remaining six pairs are lateral and
pedunculate, and fall into two groups: a group of two pairs
(the second and third) close to the tip, and a group of four
pairs extending from about the middle of the tail almost
to the cloaca.

7. Contraczecum lobulatum (Schneider, 1866) Baylis and
Daubney, 1923. (Fig. 38.)

Synonyms :—adscaris lobulata Schneider, 1866; ? Ascaris delphini
Rudolphi, 1810.

Host :—The Ganges dolphin (Platanista gangetica) (recorded
from the mouth, stomach, small and large intestines) ; Ganges
and Hooghly Rivers.

Fig. 33,__C¢?,,(Tc:?cum lobulatu;m, Head of female; dorsal view.
Py 30y mterlablum. (Aftcr Bﬂy“s nnrl Daubncy.)

The length of both sexes is about 3040 mm., and the
maximum thickness about 1.1 mm. The lips are rather
longer than broad, and have paired, outwardly-directed
anterior lobes which form acute angles. The dorsal lip is
about 0-2 mm. long and 017 mm. wide. Its pulp has two
main lobes which extend into the anterior lobes of the lip
itself and are separated by o deep *“saddle” on the inner
side. Each of the main lobes also gives origin to a rounded
accessory lobe which projects inwards and downwards when
the lip is viewed from the dorsal surface. The interlabia
are nearly as long as the lips. Each has its free end com-
pressed into & DAITOW cuticular flange and curved inward
between two of the lips. A well-marked * shoulder ” 18
formed at the point whepre the compression occurs. The
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cuticle of the neck is thrown into deep transverse folds. The
@sophagus is about 1/15 of the total length. There is a very
short esophageal appendix and a very long and wide intestinal
csecum,

The tail of the male is about 02 mm. long. There are
12 pairs of postanal papille, which are very irregularly
arranged, roughly in two rows on each side, and about seven
pairs of preanal papille, arranged in a single regular row
on each side. The spicules measure 2-37 mm. in length.

The tail of the female is about 0-5 mm. long.  The vulva
is situated at about the anterior quarter of the body. The
eggs measure 0052 < 0:042 mm.

8. Contraczzcum incurvum (Rud., 1819) Baylis and Daubney,
1922, (Figs. 39 & 40.)

Synonym :—dAscaris incurea Rudolphi, 1819,

Hosts :—The type host of this species is the sword-fish
(Xiphias gladius), from which it has been recorded in various

.....
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Fig. 39.—Contracecum incurcum. Head of male ; dorsal view. a.,

cervical ala; g., interlabial groove ; 1., interlabium ;
P.» papilla.  (After Baylis and Daubney.)

parts of the world. Linton has also recorded adult or
immature forms, considered by him to belong to this species,
from several other fishes in American waters (Scomberomorus
maculatus, Tetrapterus imperator, Seriola zonata, S. lalandi,
Hippoglossus  platessoides). In Indian waters adult but
probably not quite full-grown specimens have been recorded
by Baylic and Daubney from the stomach of the peacock.
fish (Histiophorus gladius).
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The size of this species appears to be very variable,
measurements given by different authors varying between
34:3 and 90 mm. for the male and between 22 and 122 mm.
(or even 267 mm., according to Linton) for the female. The
thickness of the male is given as 0-55-0-75 mm., and that
of the female as 0-75-3 mm. The body is somewhat tapering
anteriorly. The cuticular striations are coarse (8-12-5u)
and prominent, giving the outlines of the body a serrated
appearance in optical section. The diameter of the head
is about 0-2-0-4 mm. The lips have sinuous margins
anteriorly and laterally, and their hinder portions are produced
into broad cuticular flanges. The ventro-lateral lips are

)
/

Fig. 40.—Contraczcum incurvum. Posterior end of male ; lateral view
(After Baylis and Daubney.)

asymmetrical in shape, their ventral angles being considerably
prbdllced. The interlabia are rather short and compressed
between the lips. Well-marked interlabial grooves run
from them round the bases of the lips. There is a pair of
cervical alm, originating just dorsally to the lateral interlabia
and extending back to a point about 2 mm. from the anterior
end. They are about 0-05 mm. wide at the widest part. The
conspicuous cervical papille are situated dorsally to the
ala, at 0-65 mm. from the anterior end in & specimen 34-3 mm.
long. In the same specimen the nerve-ring is at 0-55 mm.
and the excretory pore at 0-68 mm. from the anterior end,
while the csophagus measures about 3 mm. in length,
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including the ventriculus. (According to Dujardin, the
cesophagus attains a length of 7-2 mm.) The ventriculus
measures 0-16 mm. in diameter. The @sophageal appendix
is relatively long (about 3 mm.). The length of the intestinal
caecum varies between 2 mm. and 6-2 mm.

The posterior end of the male is usually coiled into one or
two turns of a spiral. Its ventral surface, from about 0:7 mm.
in front of the cloaca forward for about 2 mm., has the cuticle
raised into pronounced longitudinal ridges, interrupted by
transverse grooves at intervals of 0-03 mm. The tail is about
0-2 mm. long, sharply tapering, curved ventrally and drawn
out at the tip into a slender spike. The caudal papille are
all rather small. There are four pairs of postanal papille
(two ventral and two lateral), one pair of double adanal
papille and about 15 pairs of preanal papillz, small and
close together near the cloaca, but becoming larger and
more widely spaced anteriorly. The spicules measure 4-1-
4-4 mm. in length and about 0-:05 mm. in width. They have
broad ale except for a short portion at the tip.

The tail of the female is straight and pointed, and measures
0-36-1-7 mm. in length, according to different accounts.
There is a sudden constriction behind the anus. The vulva
is situated at about the anterior third of the body. According
to Dujardin the vagina is 3-5 mm. long, widening into an
unpaired portion of the uterus, 20 mm. long and 1-7-2-4 mm.
wide (in a specimen 122 mm. long). This gives off the two
parallel uterine branches, which are 46 mm. long and 1:7 mm.
wide. Tach branch doubles forward at 57 mm. from the
vulva. The ovarian tubes run straight forward to near the
level of the vulva, form some folds there, and then run straight
back again towards the posterior end of the body, where they
form a mass of coils behind the uterine branches. The eggs
are globular and measure 0:07 X005 mm. Their shells are
thin and membranous and are covered with minute depressions.

9. Contraczcum plagiostomorum (v. Linst., 1905). (Fig. 41.)

Synonym :—Ascaris plagiostomorum v. Linstow, 1905.

Hosts :—Stomach of Celorhinus [Selache] maximus (the
basking shark), Cevlon ; gills of Raja radiata.

According to v. Linstow’s description the male of this species
is 17 mm. long and 0-75 mm. in thickness, the female 28 mm.
and 1:58 mm. respectively. The cuticle is transversely
striated. The lips are very short and broad, and have their
papille placed anteriorly. On the inner side of each lip is
a rounded projection, at the apex of which there are two
“ teeth,” abruptly truncate in front and bearing denticles,
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Dentigerous ridges and interlabia are said to be absent. The
cesophagus is about 1/12 of the total length, and has a posterior
appendix, longer than the wsophagus itself, lying ventrally
to the intestine. The latter has an anterior czecum measuring
5/12 of the length of the cesophagus. Thereis a pair of rounded
cervical papille close in front of the middle of the cesophagus.

The tail of the male is 1/86 of the total length, and has a
finger-shaped terminal appendage. There are six pairs of
postanal papillz, three of which are subventral (two close

Ir N\
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Fig. 41.—Contracecum plagiostomorum. Head.
(After v. Linstow.)

to the cloaca, one near the tip of the tail) and three lateral,
of which the anterior is the largest. The preanal papille
number about 70 on each side, in a single row, gradually
becoming smaller and closer together posteriorly.

The tail of the female is blunt and measures 1/175 of the
total length. The vulva is in the middle of the body. The
eggs are spherical and measure 0-039 mm. in diameter.

10, Contracsecum trichiuri Thwaite, 1927.

Host :—Trichiurus savala, Ceylon.

The description of this species is based on two males only,
the female being unknown. The lengths of the two specimens
were 337 and 344 mm., and the maximum thickness about
1-1 mm. The body tapers towards the anterior end. The
head is about 0-22 mm. wide, the dorsal lip measuring about
0-16 mm. wide and 0-14 mm. long. The interlabia are 0-06 mm.
long, and the greater part of them appears to be hidden by
the lips. The body has a pair of well-developed lateral ale
which originate immediately behind the lips, are transversely
ctriated and have a maximum width of 0-07 mm. The
sophagus is about 3 mm. long, and has a ventriculus measuring
about 0-16 mm. in diameter. The cesophageal appendix
measures about 0:95 mm. in length and the intestinal cecum
only 0-36 mm. The cervical papilla are situated at 0-63 mm.,
and the excretory pore at about 0:76 mm., from the anterior
end. The nerve-ring is just in front of the cervical papill.

The tail is conical and measures 0:14-0-205 mm. in length.
Its tip is covered with minute cuticular spines. There arc
numerous inconspicuous postanal papille on the ventra
surface ; Thwaite was unable to determine their number.
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The preanal papille number about 24 pairs, and become
larger and more widely spaced anteriorly. The spicules
are subequal, slender and alate. They measured in one
specimen ‘0-82 and 0-835 mm., and in the other 0-875 and
0:925 mm. in length.

11. Contraczecum balistis (v. Linst., 1905).
Synonym :—Ascaris balistis v. Linstow, 1905.

Hosts —Balistes mitis, B. stellaris, Ceylon. Position in
host not mentioned by*v. Linstow.

This is a larval form measuring 10 mm. in length and
0-22 mm. in thickness. The cuticle is said to be smooth.
There are three indistinet lips. The cesophagus is 1/12:5
of the total length, and has a posterior appendix, as long
as itself, lying ventrally to the intestine. There is also
a dorsal intestinal ceum one-third as long as the cesophagus.
The tail is slightly knobbed at its tip and measures 1/51
of the total length.

Larval forms of Contracecum.

Baylis and Daubney (1923) record larve of one or more
species of this genus from the peritoneum of the following
fishes :—

Barilius bola. Localities : Tharai River ; Gandak River,
Saran, N. Bengal.

Callichrous pabda. Locality : Lucknow,

Wallago attu. Locality : Lucknow.

The material from Callichrous and Wallago was part of
that referred to by Stewart (1914, p. 179) under the numbers
L. 33 and L. 36.

5. Genus PARANISAKIS Baylis, 1923.

Lips with dentigerous ridges. Interlabia present. (Hso-
phagus with a ventriculus, but no wmsophageal appendix
or infestinal camcum. Adult worms in the intestine of fishes.

Genotype :—Paranisakis squatina Baylis, 1923.

1. Paranisakis pastinacee (Rud., 1819). (Fig. 42.)

Synonyms :—Ascaris pastinaca: Rudolphi, 1819 ; ‘.hfnris'qmulmla
v. Linstow, 1905 (nee 1904) ; Paranisakis teniurae Thwaite, 1927,

Hosts :—T'rygon pastinaca (recorded by Rudolphi) ; T@niura
sp. (v. Linstow) ; Taniura melanospilos, Ceylon (Thwaite).

There is, in the writer’s opinion, little doubt that the forms
recorded by Rudolphi, v. Linstow and Thwaite are all
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identical. Rudolphi did not deseribe the worm, but his
type-specimens were re-examined by v. Drasche (1883),
who gives figures of the dorsal lip, which is very similar to
that of the genotype, P. squatinz.

According to v. Linstow’s description of Ascaris quadrata,
the male is 43 mm. long and 0:87 mm. thick, the female
58 mm. and 1-38 mm. respectively. The lips are described
as quadrilateral, with a narrower base. The presence of
dentigerous ridges and interlabia is mentioned. The esophagus
occupies 1/18 of the total length, and ends in a small ** bulb.”

The tail of the male is 1/215 of fhe total length, and,
according to the figure, is bluntly rounded, but possesses
a terminal spike. There are, on each side, five postanal,
one adanal and eight preanal papille. The spicules measure
0:53 mm. in length.

Fig. 42.—Paranisakis pastinace. Posterior end of male: ventral view.
(After v. Linstow.)

The tail of the female is 1/123 of the total length and is
tapering, with a rounded tip. The vulva is said to be in the
middle of the body. The vagina is 3-8 mm. long, relatively
stout (0-14 mm.) in the quarter nearest to the vulva, and
more slender (0-06 mm.) for the remainder of its length. The
uterine branches are 0-1 mm. wide at their origin. The eggs
are globular, measuring 0-068 mm. in diameter, and have
thin, membranous shells covered with fine granulations.

Thwaite gives a somewhat fuller description of the female,
but his material included no males. The four females
examined by him measured 46-61 mm. in length and
0-83-1-2 mm. In maximum thickness. The cuticular striations
were at intervals of 10-12 4. Narrow lateral alsm, according
to Thwaite, are present, beginning at about 0-15-0-33 min.
from the anterior end and running posteriorly along the
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body. The cervical papille are situated at 0-73-0-86 mm.
from the anterior end, and the nerve-ring just in front of
them. The head measures 0:115-0:-16 mm. in length and
0-22-0-28 mm. in width. The neck is wider than the head.
The anterior portions of the lips, with the characteristic
inwardly-curved anterior lobes of the pulp, appear to have
been turned inwards in Thwaite's material, so that they
escaped observation. The dentigerous ridges also were
not seen. The interlabia are described as rectangular in
outline, measuring 0-045-0-07 mm. in length and having
@ triangular pulp. The msophagus measures 3-3-8 mm.
in length, including the ventriculus, which has a diameter
of about 0-33 mm. and is almost spherical.

The conical tail measures 0-63-0-73 mm. in length. The
vulva is inconspicuous, and is said to be situated almost
exactly at the anterior third of the body. The eggs measure
about 0:07x0:04 mm., and their shells are covered with
finely corrugated markings.

2. “ Ascaris ” meleagrina v. Linstow, in Shipley and Hornell,
1904. (Not Ascaris meleagrina *“ Kollar,” in Orley,
1882 (nomen nudum).)

Hosts :—The larval form to which this name is applied
is stated to occur in cysts in the tissues (usually the gonad,
less frequently the tissues of the mantle) of the pearl-oyster
(Margaritifera vulgaris) in the Gulf of Manaar. According
to Shipley and Hornell (1904) the adult form occurs in the
intestine of file-fishes (Balistes mitis, B. stellaris) in the same
locality, while Platax teira is also said to be a host of the adult
by the same authors (1906).

The adult worm has not. been described, and the systematic
position of the species is very doubtful. The very brief
description of the larva given by v. Linstow suggests that it
may possibly belong to the genus Paranisakis, but it might
also be a Porrocwcum. According to v. Linstow the greatest
length is 29 mm. and the width 0-55 mm. The dorsal lip
has two large papille directed forward (in the figure t-he§e
appear to be double). Dentigerous ridges and interlabia
are present, the latter, according to the figure, being well
developed and rather more than half as long as the lips. The
esophagus is said to occupy 1/813 of the total length, a figure
in which an error must be suspected. No mention is made
of the presence of ventriculus or cmca, The tail is 1/116
of the total length. *“ A pair of anal glands occurs in the
end of the alimentary canal.”
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3. “ Ascaris ” balisticola v. Linstow, 1905.

I{osts —This is a larval form, recorded from the file-fishes,
Balistes mitis and B. stellaris, off Ceylon. Its position in
the hosts is not given. The species is mentioned here because
of its possible connection with *“A.” meleagrinz. There
is even less indication in this case of the genus to which
the species should be assigned, though it is stated by
v. Linstow that the wsophagus and intestine are without
ceca.

According to v. Linstow’s description the worm is 7-4 mm.
long and 0-22 mm. thick. There is a * boring-tooth ” at
the anterior end, so that it is evidently a quite immature
form. The @sophagus occupies 1/9 of the total length. The
tail is very short (1/169 of the total length) and conical,
with a rounded tip.

6. Genus DUJARDINIA Gedoelst, 1916.

Lips, at least in the adults, without dentigerous ridges,
but with the cuticle of their inner surfaces produced into
large tooth-like structures, apparently capable of being
interlocked. These structures are carried by three main
cuticular lobes on the anterior border of each lip. Interlabia
present. Well-marked interlabial grooves run from them
to the bases of the lips. (Esophagus with a small subglobular
bulb. No csophageal appendix. An intestinal cecum

resent. Excretory pore at level of nerve-ring. Caudal
end of male with rather well-developed lateral al® extending
for a short distance in the region of the cloaca. Caudal
papille few. Spicules equal and slender. An accessory
piece usually present, of characteristic shape, with an cxpa.n(_led
and solid head at the proximal end, and hollow and tapering
distally. The lumen of the distal portion has an opening
on the posterior surface of the organ. Female with vulva
in anterior half of body, opening, in the genotype, into a
muscular, almost sucker-like *atrium,” from which the
very long and slender vagina runs posteriorly. This ends
in a small, expanded egg-chamber, from which are given off
posteriorly the two uterine branches, narrow and coiled
at first, voluminous and thin-walled more posteriorly. Eggs
with very thin, membranous shells, roundish-oval or sub-
globular. Adult worms in the alimentary canal of aquatic
vertebrates (crocodiles, fishes, dugong).

Genotype :—Dujardinia helicina (Molin, 1860).
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Key to Species.

Parasite of dugong ...... ... ...l ..., halicoris, p. 99.
Parasites of crocodiles :
1. Spicules of male about 8 mm. Accessory

......................

piecewith trifid tip ...... .. . o 0 0 helicina, p. 96.
Spicules of male 1:25 mm. Accessory piece
withusimple tip . i S S woodlandi, p. 97.

1. Dujardinia helicina (Molin, 1860) Gedoelst, 1916. (Fig. 43.)

Synonym :—A4scaris helicina Molin, 1860. (Not T'rispiculascaris
helicina (Molin) of Skrjabin, 1916.)

Hosts :—This species has been recorded in Africa from
Crocodilus niloticus and C. cataphractus, in America from
C. americanus, and in Indin from Crocodilus porosus (Port
Canning, Ganges Delta ; Baylis and Daubney).

oo \J
Fig. 43.—Duwjardinia helicina.—A, head, dorsal view; B, posterior

end of male, lateral view. a.p., accessory piece. (After
Baylis, in * Parasitology.')
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The length of the male is about 18 mm. and its maximum
thickness 0-6 mm. The female measures 3540 mm. and
about 2:2 mm. respectively. The posterior part of the body,
especially in the female, is helicoidally twisted, invariably
with a right-handed spiral. The diameter of the head is
0-15-0-3 mm. The dorsal lip has two bifurcated anterior
pulp-processes projecting into the middle lobe. These
processes are carried at the swollen ends of two club-shaped
masses of pulp. The wsophagus, incleding the bulb, is about
3-4 mm. long in the male, 44 mm. in the female. The bulb
measures 0-14 mm. in length and 0-13 mm. in width in the
male and 0-3x025 mm. in the female. The intestinal
cecum runs forward to a point about 0-8 mm. from the
anteriorend. The cervical papille are situated at 0-55-0-8 mm.,
and the nerve-ring at 0-45-0-65 mm., from the anterior end.

The tail of the male is about 0-11 mm. long. There are
four pairs of postanal papille, of which the three pairs nearest
to the tip of the tail are small, the most posterior being
lateral, the others subventral. One large pair projects into
the caudal alz just behind. the cloaca. The preanal papille
consist of five pairs, two just in front of the cloaca and three
more pairs of large papille more anteriorly at rather wide
intervals. The spicules are very long, measuring about
8 mm. The accessory piece, which is 0-3-0-32 mm. long,
has a median and two lateral prongs at its free end, which
is slightly curved forward. Its solid proximal end is expanded
and has a posterior process.

The tail of the female is 0-3 mm. long. The vulva is situated
at about 16 mm. from the anterior end. The diameter of the
eggs is about 0-075 mm.

2. Dujardinia woodlandi Baylis, 1923, (Fig. 44.)

Host :—Gharial (Gavialis gangeticus) (stomach).

The male of this species measures about 24-25 mm. in
Jength and 06 mm. in maximum thickness, the female up
to 60 mm. and 2-5 mm. respectively. The body is uppnrgr}tly
not twisted in the'regular helicoidal manner of D. kelicina,
but irregularly coiled. The anterior lobes of the dorsal
lip are well developed. The pulp of the median lobe appears
to be without bifurcated processes. The diameter of the
head is 0-14 mm. in the male and 0-3 mm. in the female.
The msophagus, including the bulb, is 2:5-3 mm. long. The
pulb measures 0:1-0-15 mm. in length and 0-12-0-22 mm.
in width. The intestinal ccum runs forward to a point
0-77-1-1 mm. from the anterior end. '1_‘he nerve-ring 18
situated at 0-5-0-6 mm. from the anterior end, and the

cervical papille are some distance behind it.

NEM.
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The tail of th male is about 0-1 mm. long. There are
~ ten pairs of caudal pn}lnllaa, of which four are postanal, one

- adanal and five preanal. The four posterior pairs are small,
- the first and fourth being lateral, the second and third
: subventral. The spicules are relatxve]y short (1-25 mm.).

~ The accessory piece is almost straight and has a simple tip. ';-
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3. Dujardinia halicoris (Owen, 1833) Baylis, 1020. (Fig. 45

Synonyms :—dAscaris halicoris Owen, 1838 ; Dujardinia halichoris
Baylis, 1920. 3 v

Host :—Dugong (Halicore dugong) (intestine).
by v. Linstow from the Gulf of Manaar. Specimens in the
British Museum (Natural History) from Tirapalakudi, n
- Ramnad, S. India. .

-—D jardinia halicoris. Head of male. )
B,vemml view, (Amu- Bayhsnnan LA
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The male measures up to 115 mm. in length and 3-16 mm. in
thickness, the female up to 144 mm. and 3-95 mm. respectively.
The diameter of the head is about 0-7 mm. A well-marked
constriction separates the head from the neck. The dorsal
lip is almost octagonal in outline, and has two moderately
large, simple papillz. Its pulp has two small, conical, anterior
processes which project forwards and inwards. The pulp
of each ventro-lateral lip is asymmetrical, the ventral lobe
being relatively short and carrying a large, double papilla,
while the lateral lobe is long and has a very small papilla at
its extremity. There are well-developed interlabia, broad
and rounded externally and bluntly conical at their free
ends, which converge between the bases of the lips. The
@sophagus occupies one-eighth to one-seventh of the total
length. Its posterior bulb measures 0:55 mm. in length and
0:6 mm. in width. The intestinal cecum runs forward to a
point about 6 mm. from the anterior end. The nerve-ring
is situated at about 1-15 mm., the excretory pore at about
1-2-1-3 mm., and the cervical papille at about 1-4-1-5 mm.,
from the anterior end.

The tail of the male is about 1/146 of the total length. The
number of caudal papille appears to be normally eight pairs,
of which four are postanal and four preanal. The spicules
are relatively very short, measuring only 1-1 mm. in length.
Each spicule has a tubular shaft, expanded into a funnel at
the proximal end, and a pair of ale, broad distally and much
inrolled on the ventral side of the spicule. There is no
ACCesSOry piece.

The tail of the female is about 1/89 of the total length.
The vulva is situated at about the anterior third of the body.
The eggs measure about 0-13 mm. in diameter

7. Genus MULTICZECUM Baylis, 1923.

Lips with dentigerous ridges. Small interlabia present.
Well-marked interlabial grooves run from them to the bases
of the lips. (Hsophagus with a small ventriculus, from which
spring two anterior and three posterior appendices. An
intestinal cecum present. Male with an accessory piece.
Adult worms in the alimentary canal of crocodiles.

Genotype :—Multicacum agile (Wed|, 1862).

I. Multiczecum agile (Wedl, 1862) Baylis, 1923, (Fig. 46.)

Synonym :—Ascaris agilis Wedl, 1862,

Hosts :—This species is at present definitely known only
from African crocodiles (Crocodilus niloticus, (. ml(lpkmctu,gj_

Maplestone (1930), however, has recorded the oCCurTence
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of immature specimens of a species of Multicwcum in the
stomach of a gharial (Gavialis gangeticus) in the Zoological
Gardens, Calcutta, and states that, although they were only

about half the size of adult specimens of M. agile, they appeared
* to agree in all essential points with that species. "It is
possible,” he says, “ that the present specimens may represent
a new species of Mulliceecum, but in the absence of mature
worms it is not possible to be definite on this point.”

The following description of African specimens of . agile
18 given by Baylis (1923) :—

" Length, male, 34-6 mm. ; female, 31-6 mm. Maximum
thickness, male, 065 ; female, 0-67 mm. (In each case the

Fig. 46, —Multicecum agile. A, portion of the alimentary canal,
showing the posterior part of the esophagus (es.), the
intestine (¢.) with its cecum (c.), and the ventriculus ()
with its anterior (a.) and posterior (p.) appendices : B,
posterior end of male, lateral view. (After Baylis, in ‘ Para-
sitology.")

specimen was slightly flattened as the re_.*sultv of hm—ing been
mounted in glycerine-jelly). Diameter of heagl 0-18-0-19 mm.
Length of csophagus (from au?crior e.\'tfemlty) 40-42 mm.
Cervical papille at 1-13, nerve-ring at 0-82, excretory pore at
0-85-0-86 mm., from anterior o:nd. Intestinal cameum
extends to 1-4-1-43 mm. from anterior end. Length of mso-
phageal appendices : anterior, 0-2-0-34 _mm.: two outer
posterior, 0-42-0-6 mm. ; middle posterior, 0-15-0-22 mm.
Cuticular striations 4-5 u apart.

“Tail of male 0-22mm.long, gently curved ventrally, conically
tapering, with suddenly narrower tip. Spicules 1-2 mm. long,
rather sharply bent near their roots, which are thickened.
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Accessory pieceabout (-2 mm. long, with simple tip and a
small solid knob at the proximal end. Caudal papillz ten
pairs, five pairs being postanal (of which the first, second,
fourth and fifth are subventral, the third lateral) and five
preanal.  Of the preanal series the first, third and fourth are
fairly close together and subventral : the second is large and
lateral. The fifth is separated by a considerable interval
from the fourth. There is also apparently a median papilla
on the anterior lip of the cloaca, but this has not been definitely
established, as the male specimen could only be examined in
lateral view.

“Tail of female 0-32 mm. long, straight, sharply conical,
with suddenly narrower tip. A pair of caudal papillze at
0:05 mm. from the extremity. Vulva at 152 mm. from

the anterior end of the body, Ova measure about (:12 %
of 0:085 mm.”*

8. Genus POLYCZAECUM Maplestone, 1930.

The following definition of the genus is given by Maple-
stone :—*Mouth surrounded by three lips not separated from
the rest of the worm by grooves, and without interlabia.
Immediately behind the lips there is a cuticular collar bearing
coarser striations than the rest of the body. The cesophageal
ventriculus gives off two anterior and three posterior caeca,
and there is an intestinal csecum running forward dorsal to
the wsophagus. The vulva opens near the middle of the
body. Male unknown.”

Genotype :— Polycacum gangeticum Maplestone, 1930,

I. Polyezcum gangeticum Maplestone, 1930, (Fig. 47.)

Host :—Gharial (Gavialis gangeticus) (intestine) : Zoological
(zardens, Calcutta.

The following deseription, based on a single immature
female, is quoted from Maplestone ( 1930). The author notes
that the dimensions of fully-grown specimens would probably
be greater than those given.

* The worm is 115 mm. in length and ()-22
diameter. The mouth is surrounded by three lips not marked
off by a groove from the body, and there are no mterlabia.
The dorsal lip is triangular in shape and the subventral lips
are broad and crescentic, the tips being formed by clear
cuticular caps. Immediately behind the lips there is g
circular swelling, which is more pronounced dorsally and
laterally than it is ventrally. The whole cuticle is covered
by transverse striations, which are distinctly coarser on the
({»plmlic swelling than they are on the rest of the body:. The

6 mm. in greatest
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excretory pore opens 0:416 mm. from the anterior end. The
wsophagus is long and straight and measures 2:675 mm. in
length. It ends in a short ventriculus, which gives off five
cieca ; the two anterior ceca are very unequal, and of the three
posterior ceca the central one is much shorter than the other
two. The longer anterior czzeum and the two longer posterior
ceca are about 0-396 mm. in length. There is also a long
intestinal czoum running forward dorsal to the esophagus and
about 1-98 mm. in length. The vulva opens exactly in the
middle of the body, being 5:75 mm. from the anterior end.
The vagina runs posteriorly from the vulva. The tail is
straight and ends in a blunt tip surmounted by a fine cuticular

Fig. 47 Fig. 48.

Loye=rn

Fig. 47.—Polycacum gangeticwm. Portion of wsophagus and intestine,
showing ventriculus and appendices. (After Maplestone.)

Fig. 48.—Typhlophoros lamellaris. Anterior end : ventral view. (After
Maplestone.)

point. The distance from the anus to the tip of the tail is
0-176 mm., and there is a long cuticular rectum connecting it
with the termination of the intestine. No eggs are present.”

The reasons for erecting a separate genus for this species
were presumably the structure of the head, the apparent
absence of interlabia and the presence of a cuticular swelling
behind the head. It may be observed, however, that as regards
the rest of its structure this worm is extremely similar to
Multicaecum, and it even seems possible that the peculiarities
mentioned may be larval characters, and that the speci-
men may be an immature individual of Multicaeum agile or
of a closely-related species.
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9. Genus TYPHLOPHOROS v. Linstow, 1906.

Lips without dentigerous ridges, not separated from the
body by a groove, but narrowed at their bases and with pulps
widened in front. Interlabia absent. Behind the lips a
cuticular collar consisting of sixteen transversely striated
longitudinal folds. Lateral alm present on the body. Eso-
phagus with a small ventriculus which, as in Multicazcum,
gives off two anterior and three posterior appendices, An
intestinal cacum present. Male with four pairs of preanal
papille. Spicules equal. Vulva at about the middle of the
body or a little in front of it. Eggs thick-shelled.  Adult
worms in stomach of gharial.

Genotype —DPyphlophoros lamellaris v. Linstow, 1906.

1. Typhlophoros lamellaris v. Linstow, 1906. (Fig. 48.)

Host :—Gharial (Gavialis gangeticus) (stomach) ; Zoological
Gardens, Caleutta (recorded by v. Linstow and by
Maplestone).

Maplestone (1930) obtained a few female specimens of
this species, only one of which appeared to be mature. : He was
thus able to amplify or correct the description given by
v. Linstow in certain particulars, but no full description
of the species is yet available.

According to v. Linstow, the male is 11 mm. long and
0-31 mm. in thickness, the female 16 mm. and 0-32 mm. respec-
tively. The cephalic collar is 0-12 mm. long. In Maplestone’s
specimen the wsophagus measured 178 mm. in length.
The ventriculus, which arose from the ventral surface of l;hc
@sophagus, measured (-128 mm. from the ends of the ante;nor
to the ends of the posterior appendices, The intestinal
cecum, which according to v. Linstow extends right to the
anterior end of the body, ended in Maplestone’s specimen
at 0-475 mm. from the anterior end.

The tail of the male, according to v. Linstow, is 1 141
of the total length of the body. The spicules are 0-6 mm. lm‘)g.

v. Linstow states that in the female there are two roundish
preanal projections, hut Maplestone was unable to observe
these. The tail of the female occupies 1/80 of the total length
according to the former author, or (-208 mm. according
to Maplestone. The vulva is situated at 7-65 mm. from the
anterior end in a specimen 15 mm. long, according to
Maplestone, or, according to v. Linstow, somewhat in front
of the middle of the body, dividing the total length in the
proportion of 4:5. The eggs, according to v. Linstow,
measure 0:073 % 0-062 mm.



AMPLICECUM. 105

10. Genus AMPLICZACUM Baylis, 1920.

Lips with dentigerous ridges. Small interlabia present.
(Esophagus without ventriculus or distinct bulb. No ceso-
phageal appendix. A wide intestinal cwcum present. Adult
worms in the alimentary canal of birds of prey, reptiles and

amphibians.
ienotype —Amplicacum colurum (Baylis, 1919).

1. Ampliczecum varani Baylis and Daubney, 1922. (Figs.49&

50.)

Host :—The common water-monitor (Varanus salvator)
(intestine) ; Zoological Gardens, Caleutta.

The male measures 22:2-24-9 mm. in length, the female
24-75 mm. The greatest thickness is 0-73 mm. in the male,
08 mm. in the female. The diameter of the head is
0-25-0-20 mm. The cuticular striations are fine (about
5 p apart). The lips are nearly square in outline. They have
a deep indentation on the inner surface at the anterior margin.
The interlabia are very small, and are almost hidden by the
lips. There are well-marked interlabial grooves, which
nearly meet on the outer surface of the base of each lip.
The grooves have prominent, membranous, cuticular borders
posteriorly. The dorsal lip has two moderately large papilla.
Each ventro-lateral lip has one large, lozengc-shuped papilla
towards the ventral side and one very small papilla laterally.
The wsophagus measures 3:5-4-7 mm. in length. The well-
developed, but rather narrow, intestinal cecum is 009-1 mm,
long. The cervical papille, which are very small, are situated
at about 09 mm., the nerve-ring at 0-7-0-74 mm., and the
excretory pore at 09 mm., from the anterior end.

The tail of the male is conical and 0-16 mm. long. There
are five pairs of postanal papille, of which the first and third
from the tip of the tail are ventral, the rest lateral in position.
There are about 32 pairs of preanal papille, those nearest
to the cloaca being very small, the more anterior much larger.
There is also a small, median papilla on the anterior lip of the
cloaca. Thespicules are equal and remarkably short (0-5 mm.),
and are simple, cylindrical, slightly tapering rods.

The tail of the female is conically pointed and 0-32 mm.
There is & pair of gaudal papille at 0-065 mm. from
vulva is situated at 6:5 mm. from the anterior
y (a little behind the anterior quarter). There
which follows a very irrégular
The two uterine
1 with

long.
the tip. The
end of the boc _
is a long, muscular vagina,
course in a generally posterior direction.
branches are wide and thin-walled, and run backwar
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a rather sinuous course. The coils of the ovaries occupy
the posterior region of the body, as far back as about 1:5 mm.
from the tip of the tail. The eggs are oval and have rather
thin shells measuring 0-0675-0-075 % 0-05 mm.

11. Genus GOEZIA Zeder. 1800.

Synonyms :—Clochlus Zeder, 1803 ; Prionoderma Rudolphi, 1810,
nee Cuvier, 1817 ; Lecanocephalus Diecsing, 1839,

Lips flattened anteriorly and expanded outwards, separated
from the body by a constriction. Cuticle with a series of
transverse rings bearing backwardly-directed spines on their
posterior edges. (Esophagus slightly constricted in the
middle and swollen gradually into a bulb behind, and giving
off posteriorly a long appendix. A short intestinal cmcum
present. Tail rounded and in both sexes prolonged into an
appendage. Spicules subequal. Vulva a little in front of
the middle of the body. Eggs globular. Adult worms in
the alimentary canal of fishes [and erocodiles (?)].

Genotype :—Goezia ascaroides (Goeze, 1782).

1. Goezia gavialidis Maplestone, 1930. (Fig. 51.)

Host :—A single female specimen is recorded by Maplestone
from the stomach of a gharial (Gavialis gangelicus) in the
Zoological Gardens, Calcutta. He suggests, with some prob-
ability, that the worm may have been a “* pseudoparasite,”
having merely been liberated by digestion from some fish
eaten by the gharial. The hosts of all the other known
species of Goezia are fishes.

Maplestone deseribes the specimen as follows (—

** The worm is 6-:6 mm. in length, and 0-6 mm. in maximum
diameter, which is well behind the middle of the worm. The
anterior end is bluntly ronnded and it is surmounted by three
large lips. The dorsal lip appears as a large oval pulpy
mass surrounded by thick cuticle, and two pointed papilla
arise from its inner surface. The subventral lips each have
a prominent angle which curves outwards :m(! backwards.

“ The cuticle is covered with prominent circular striations
about (-048 mm. apart and which bear on their posterior
borders rows of finely pointed spines directed backwards.
These striations and spines extend for the whole length of the
worm, and are of approximately the same size, except on the
tail itself where the striations are closer together and the
spines are very minute. The vulva opens 2-8 mm. from the
anterior end. The vagina is a much convoluted tube which
ciirves forward only a little distance in front of the vulva.
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it then bends backwards and divides into the two uteri.
These tubes pursue a posterior course and finally enter the
ovaries, which run a very convoluted course almost to the
posterior end of the worm. The csophagus is 0-75 mm.
in length with a very slightly marked posterior bulb. There
is a long thin glandular appendix, which arises from the
posterior end of the cesophagus and is 1-5 mm. in length.

3 4
134
4
3
3
p

2l

ey
== o4 mm. \

Fig. Bl.—lousitt § vialidis. Head ; dorsal view.
G DLt w-‘(‘f.\'t,‘:‘ur Maplestone.)

There is also a short diverticulum, which arises ﬁ_‘om the
intestine at its junction with the msqphagus and wl_uch runs
forwards for about (-2 mm. The intestine is thin-walled
with a very wide lumen. It ends in an anus which is 0-2 mm.
from the tip of the tail. The worm is broad to behind the
anus, a little distance posterior to which it suddenly becomes
narrower to end in a relatively long thin point.”

APPENDIx TO THE FAMILY AScAriD®.

Certain forms are pluced here whose systematic position
1t 18 at present impossible to determine.

1. *“Ascaris * cynonyeteridis Parona, 1889,

Host :—A hat, (Xantharpyia [Cynonycteris] amplexica udqm)
(stomach) ; Farm (aves, Moulmein, Northern Tenasserim,
Burma. '

The only description of this species available appears to be
that of Parona (1889). According to this the male is 50 mm.
long, the female 60-65 mm. The thickness is 2 mm. in the
largest female. The body is more slender in front than
behind, and is quite smooth. The diameter of the head
(in the female) js (.098 mm. The dorsal lip is “ not
denflculate,” but has ** oval anterior projections * and two
papille. The ventro.lateral lips have two conical tubercles
(the figure shows a pair of what appear to be prominent
papille, one on each side of the head). The eesophagus
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(called by Parona the * pharynx ™) is about 2 mm. long,
* con bulbo quasi nullo.” The intestine is wide.

Thg tail of the male is mucronate and bears one pair of
prominent postanal papille. There are also four pairs of
preanal papillee. The ** spicule-sheath ** measures 0:042 mm.
and contains two equal spicules which are curved and pro-
truded, and about twice as long as the sheath.

The tail of the female is blunt but mucronate. The vulva
is situated at 5 mm. from the anterior end.

2. ** Ascaris " brachyura v. Linstow, 1904.

Host :—The ** bloodsucker ™ (Calotes versicolor) {intestine)
Colombo, Ceylon.

Of this species the only description available is that of
v. Linstow. The male measures 31-6 mm. in length and
0:91 mm. in maximum thickness, the female 34:3 mm. and
0-86 mm. respectively. The cuticle is broadly annulate.
The lips are provided with dentigerous ridges having 10{1;1
and sharply pointed denticles. There are no interlabia.
The dorsal lip measures 0-097 mm. in length and 0-176 mm.
in width, and has a concave anterior margin. Its pa-pil_lm
are large and obliquely placed. The wsophagus occuples
1)15-1/14 of the total length. The description makes no
mention of a ventriculus or of an wsophageal appendix or
intestinal cecum.

The tail, in both sexes, is very short and rounded. In the
male it occupies 1/267 of the total length, and has a ﬁpe
terminal spike. There are two pairs of postanal and 22 pairs
of preanal papille. The spicules measure 0-62 mm. in length
and are faleiform, with rounded tips.

The tail of the female occupies 1/200 of the total length
and is without a terminal spike. The vulva is situated
somewhat in front of the middle of the body, dividing the
total length in the ratio of 3:5. The genital tubes are
confined to the posterior two-thirds of the body. Fully-
formed eggs were not observed.

g, ¢ Asearis »” tigridis Gmelin, 1790.
Synonym —Fusaria tigridis Zeder, 1803.

Host -—Tiger (Felis tigris). :
It is quite impossible to identify this species, which Gmelin
based on a figure given by Redi. This purports to show the
alimentary canal of the worm, which is provided near the
end with two rather long, blind appendages. There

her description. Rudolphi (1819) states that he
Museumn.

posterior

is no furt : . &
has seen a specimen of the worm in the Vienna
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This was five lines long and had a blunt, alate head and
a pointed tail. Diesing (1851), however, states that this
specimen was the female of some Strongylid.  Leiper (1907)
refers A. tigridis to Toxascaris, but there is no evidence to
support this view of its position.

2. Family HETERAKIDA Railliet and Henr
1914.

Medium-sized or rather small parasitic forms.
of the body of the polymyarian type.
defined, but sometimes much reduced.
buccal capsule is present or the
@sophagus is differentiated as a
The posterior end of the @sophagus is almost always enlarged
to form a subglobular muscular bulb containing a three-sided
valvular apparatus. There is a more or less well developed
preanal sucker in the male, with or without a chitinoid border,
and provided with special musculature. There are usually
two spicules, but one or both of them may be imperfectly
chitinized or occasionally absent. An accessory piece may
be present or absent. The vulva is typically near the middle
of the body. The worms are oviparous. The life-history
is direct, without intermediate host.

A

Musculature
Lips typically- well
Either a chitinoid
anterior portion of the
small muscular pharynx.

Subfamily HETERAKINAE Railliet and Henry, 1912.

Lips well defined. Buccal capsule absent. (Esophagus
with a pharynx and a posterior bulb, except in . '
Preanal sucker nearly circular, with ch
in or near the middle of the body.

when laid.

dscaridia.
itmoid border. Vulva
Eggs usually unsegmentecd

Key to Genera,
(Esophagus without posterior bulb

i AROL NI o s Ascarinia, p. 133.
(Esophagus with a posterior bulb |~ 1° 1

L. Caudal papille of male sessile ..., """ 2,
Caudal papille of male mainly pedunculate, 3.

2. Male with an accessory piece ..., SPINICAUDA, p. 147,
Male without accessory piece ..., 77 AFRICANA, p. 149,

3. Lips with “cordons " . ... 0., PSEUDASPIDODERA,
Lips without *“ cordons ' ,....,... Han | b [p. 127

4. Caudal end of male tapering ; pharynx i

relatively short, with straight lumen |

. <. HereRaxis, p. 111,
Caudal end of male obliguely truncate ;

pharynx relatively long, with » ventral

* kink " in its limen posteriorly . STRONGYLUTIS, p. 148

* Grooves, tubular chunnels or festoon-like ornaments in or gy 1)
. 10
(-url(']f‘-
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l. Genus HETERAKIS Dujardin, 1845.

Synonyms :—Ganguleterakis Lane, 1914 : Gireterakis Lane, 1917 ;
Meteterakis Kerve, 1930,

Lips without * cordons.” Body usually with well-
developed lateral alz. Anterior end usually curved dorsally.
Caudal ale of male very well developed and supported by
several pairs of pedunculate papillz. Spicules equal, subequal
or markedly unequal in length and sometimes dissimilar
in form. No accessory piece. Branches of uterus either
actually or apparently opposed *. In some species papilla-
like protuberances may be seen in the neighbourhood of the
vulva in mature females. These are probably produced
by the action of the sucker of the male. Eggs with thick
shells, their contents unsegmented at the time of laying.
Adult worms in the alimentary canal of birds, mammals
and batrachians,

Genotype :(—Helerakis gallinge (Gmelin, 1790).

Lane (1914, b; 1917, &) proposed the genera Ganguleterakis
and Gireterakis for the reception of certain species which
differed from the genotype of Heteralis mainly in having
an atypical number and arrangement of caudal papilla
m the male. As a generic character neither the number
nor the precise arrangement of the papille appears to be
satisfactory. All the species that are typical in the sense
of having twelve pairs of papillie are parasitic in birds, but
a number of species from birds have been described as having
more or less than this number of papille, and even when the
number is typical there is considerable variety in the arrange-
ment. This being so, although the type-species of Lane’s
genera are both parasitic in mammals, the validity of the
genera seems very questionable. A better case might be
made out for the retention of the genus Meteferakis Karve,
1930, in whose genotype (which is a parasite of a batrachian)
not only are there at least 17 pairs of papille, but their arrange-
ment is very unusual. with several pairs placed anteriorly
to the caudal sucker. In the absence of more important
characters, however, the writer prefers for the present to
regard all these forms as belonging to the old genus Heteralkis.

Key to Species.

Parasite of Amphibia . ... .. ... qovindi, p. 126,
Parasites of birds ... .0 L il iiii L.
Parasites of mammals ... .. . ... 11.
1. Spicules of male markedly unequal in length. 2.
Spicules of male equal or subequal ....---. 8,

# Tn the latter case the branches are parallel at their origin, but one
almost immediately doubles back upor itself and *runs in the opposite
direction.
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2. Longer spicule about 2 mm. long ......... 3.
Longer spicule about 1 mm. long, or less ... 5.
3. Shorter spicule with a double curve near the
o o S ) O L s s S o galling, p. 112,
Shorter spicule with a barb near the tip ... 4.
4. Longer spicule with simple point; barb of
shorter spicule small ................... pavonis, p. 115.
Tip of longer spicule shaped like a spear-
head ; barb of shorter spicule large and

A L e S B e e A e bosia, p. 116.
3. Longer spicule about 1 mm. long ; shorter
spicule n.bout 0-3-04mm.long .......... indica, p. 115,
L«l)nger spicule considerably less than 1 mm.
O RO Bt 5 S RSyl o I A SRSt 6.
fi. Longer spicule little over 0-3 mm. long. .. .. parva, p. 118,
_ Longer spicule 0-5 mm. or mors in length... 7.
7. Shorter spicule about 0-3 mm. long ....... vilvolabiata, p. 118.
Shorter spicule 0-15 mm. long. .. .......... pusilla, p. 116.
8. Spicules about 2mm.long .............-- isolonche, p. 119.
Spicules much less than 2 mm. long .. ... sison )
9. Spicules about 0-4-0:6 mm. long ; diameter
of preanal sucker over 01 mm. .. ...vnr-- papillosa, p, 121,
Spicules less than 0-4 mm. long ; diameter of
preanal sucker less than 0-1 mm. ........ 10.
10. Left spicule with a prominent ventral angle
neatthe tap o e e e e beramporia, p. 122.
Left spicule without ventral angle ........ hamulus, p. 123.
EL, P ArBEIte Of TAIE o s s < oo sts s a/asiace, oo aiaraiadels spumosa, p. 123,
Parasite of porcupine ... .. NS o R girardi, p. 125.

1. Heterakis gallinze (Gmelin, 1790) Freeborn, 1923.  (Figs. 52
& 53.)
Synonyms * :—Ascaris gallinag Gmelin, 1790 ; Ascaris vesicularis
Frolich, 1791 (part); Heterakis vesicularis Dujardin, 1845 ;
Heterakis longecaudata v. Linstow, 1870 ; Heterakis papillosa

auctt. (not Railliet, 1885~ Ascaris papillosa Bloch, 1782 (part),
nee Molin, 1860) ; ? Heterakis parisi Blane, 1913.

Hosts :—This species is of cosmopolitan distribution, and
is one of the commonest parasites of domestic ponltry (fowl,

* The species H. longecaudata v, Linstow, originally recorded from
Megacephalon maleo, a bird found in Celebes, was regarded by Baylis
and Daubney (1922) as distinct from H. gallinz. Maplestone (1932, a)
considers these species identical, and before his paper appeared the
writer had come to the same conclusion. Some experiments were
made in presérving specimens of H. galline by different methods,
and the results suggested that the characters supposed to be distinctive
of H. longecandata were simply due to fixation in cold aleohol.  In male
specimens s0 preserved the tail is somewhat contracted, and the ale
appear relatively broader, while the dinmeter of the sucker se¢ms to be
greater than in worms killed in hot alcohol.  H. parisi Blanc 1s recorded
from Rhea americana in captivity in France. As Maplestone has also
pointed out, it does not appear to differ in any important respect from
H. gallinz. The writer has examined specimens of Heferakis from
a rhea in eaptivity i England, and was unable to distinguish them from
H. gallina.
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turkey, guineafowl, peafowl, and occasionally duck and
goose). It has been recorded from the fowl in Calcutta
by Maplestone, and also from a considerable number of other
birds, mostly Galliformes, in the Zoological Gardens, Calcutta,
by Baylis and Daubney, Chandler, and Maplestone. These
hosts include the following :—Ring-necked pheasant (Phasianus
torquatus), kalij (Gennzus leucomelanos), mondl (Lophophorus
impejanus), crimson horned pheasant (Tragopan satyra), silver
pheasant (Gennaus nycthemerus), golden pheasant (Chryso-
lophus [Thaumalea) pictus), red spur-fowl (Galloperdix spadicea),

Fig. 53.

Fig. 52 —Heterakis gallin@. Anterior end; dorsal view. a., cervical

¥ ala ; b., wsophageal bulb; c.p., cervical papilla ; z., nerve-
ring. (From Baylis, after Yorke and Maplestone.)

Fig. 53.—Heterakis galline. Posterior end of male; ventral view

¢l., cloacal aperture ; s., sucker. (From Baylis, after Lane.)

crested fire-back (Lophura rufa), common hill-partridge
(Arborophila torqueola), swamp-partridge (Francolinus gularis),
chukar partridge (Alectoris graca chukar), vulturine guinea-
fowl (derylliwm vulturinum) and houbara (Chlamydotis
undulata macquesnt).

The male measures about 7-13 mm. in length, the female
about 8-15 mm. The maximum thickness is about 0:24—
0-4 mm. The cuticular striations are extremely fine. The

NEM. g
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esophagus, including the bulb, is about 1-1-1 mm. long.
Of this length the pharynx, which is narrower than the
ce.sophuguq proper, occupies about 0-08-0-09 mm. The bulb
i8 0:18-0-25 mm. in diameter. The nerve.ring is situated
at about 0-3 mm., the excretory pore at 0-45-0-5 mm., and
the cervical papillae at about 0-55 mm., from the anterior end.

The caudal ale of the male are broad. The tail (i.e.
the postanal portion of the body) is about 0-3-0-5 mm. long,
and tapers beyond the ala to a fine filament. The chitinoid
border of the preanal sucker measures about 0-06-0-1 mm.
in outside diameter, and has a small indentation on its inner
side posteriorly. The sucker is situated at a distance of
0:1-0-2 mm. from the cloacal aperture. There are twelve
pairs of caudal papills, of which five pairs have long peduncles
and project into the ale. The arrangement of the papille,
which is typical of most of the species cof Heterakis OCCUrTIng
in birds, will be best understood from the figure (fig. 53).
Following the nomenclature of Lane (1914, 5; 1917, b), the
two pairs at the sides of the sucker may be (ulled the

parusuctorm] " papille, the group surrounding the cloacal
aperture the * paracloacal,” the group near the posterior
end of the ala the * caudal,” and the isolated pair between
these and the paracloacal group the “ intermediate ” papilla.

The spicules are unequal and dissimilar, the right being, as
in most species of this genus, the longer. Both are alate.
The left spicule is 0-6-1-3 mm. long, and has very broad
alm which do not extend quite to the distal end. Its tip forms
a very characteristic double curve. The right spicule is about
1-6-2:6 mm. long, and has narrower ale and a simple, conical
tip.
The tail of the female is tapering and sharply pointed, and
measures about 1-1-2 mm. in length. There is a pair of
caudal papille at about 0-68 mm. from the posterior end.
The vulva is situated slightly behind the middle of the body,
at 3:7-4-75 mm. from the poutenor end. The vagina is long,
its terminal portion running posteriorly from the wvulva,
After forming several antero- pmtf'rmr loops, the uterus runs
straight back to a point about 1-5 mm. from the anus, where
it divides into two apparently opposed branches. The
greater part of the coils of both ovaries lies in the anterior
region of the body, between the vulva and the hinder end of
the esophagus, The eggs are somewhat oblong, with a thick
shell which may be slightly thickened at one pole. They
measure about (0-063-0-075 > 0-036-0-048 mm.

H. galline usually lives in the cwca of its hosts, but is
sometimes found in the small and large intestines. The
eggs, when passed in the droppings, have unsegmented con-
tents. Under favourable conditions an infective embryo is
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developed in seven to twelve days, and if the egg be swallowed
by a suitable host this embryo hatches and develops to maturity
in 24 days. For the first few days after infection the young
worms are chiefly found burrowing in the mucous membrane
of the cmca, or in the cmcal glands. Later they emerge
and live in the lumen.

2. Heterakis indica Maplestone, 1932.

Hosts :—This species was found by Maplestone in fowls
obtained in a market in Calcutta, and occurred, in association
with H. gallinz, in four out of thirty infected birds.

Maplestone states that, apart from measurements, the
only characters in which he found this form to differ from
H. gallinz were the shape of the tip of the shorter spicule
(which is figured as being bifid) and the fact that the caudal
ala of the male met on the ventral surface in front of the sucker.

The male measures 5:6-7-2 mm. in length and 0-22-0-28 mm.
in maximum thickness, the female 7-12-7-38 mm. and 0-25-
0-:32 mm. respectively.

The caudal papille of the male are as in H. galline. The
sucker has a diameter of 0:064—0-076 mm. The spicules
measure respectively 0-297-0-396 mm. (approximately 0-3-
0-4 mm.) and 0:99-1-19 mm. (approximately 1-1-2 mm.).

The eggs measure 0-062-0-068 < 0:032-0-036 mm.

3. Heterakis pavonis Maplestone, 1932.

Host ~—Silver pheasant (Gennsus nycthemerus) ; Zoological
(Gardens, Calcutta.

Maplestone states that this species superficially resembles
H. gallinz, but that the shorter spicule has a barb similar to
that described in Pseudaspidodera pavonis (vide infra). “ No
other morphological differences between this worm and
H. gallina could be discovered, except that possibly the notches
at the bases of the lips appeared to be slightly better marked,
and the dorsal lip appears to be more rounded in H. pavonis,
but these differences are so slight as to be of doubtful value as
distinguishing characters.”

The male measures 6:8-7-2 mm. in length and 0-:25-0-27 mm.
in maximum thickness, the female 8:8-10-1 mm. and 0-36-
0-44 mm. respectively. The length of the cesophagus is
0-94-1 mm. in the male and 1-3-1-4 mm. in the female. The
diameter of the c2sophageal bulb is 0-14-0-16 mm. in the male
and 0-22-0:26 mm. in the female.

The tail of the male is 0-44-0-475 mm. long. The sucker
has a diameter of 0-:068-0-072 mm., and is sitnated at a dis-
tance of 0-11-0-12 mm. from the cloacal npert;u‘e- 0,

' 12
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spicules measure respectively 0-594-0-673 mm. and 1-68-
1-89 mm. (or approximately 0:6-0-7 mm. and 1:7-1-9 mm.).

The tail of the female is 0-91-1-07 mm. long. The eggs
measure 0:068-0-076 < 0-038-0-044 mm.

4. Heterakis pusilla v. Linstow, 1906.

Host :—Jungle fowl (Gallus lafayetii) (cmca); Mamadu,
Northern Province, Ceylon.

_The only existing description of this species is that originally
given by v. Linstow. The male measures 5 mm. in length
and 0-19 mm. in maximum thickness, the female 513 mm.
and 0-24 mm. respectively. The lips are small and rounded.
The cuticle is said to be smooth. The esophagus is
“ thickened, club-shaped behind,” and occupies in the male
1/5, in the female 1/5-8, of the total length.

The tail of the male is 1/12 of the total length and is finely
pointed. The size of the preanal sucker is not given. The
only caudal papillse mentioned are four pairs of lateral postanal
papille, the most posterior papilla on each side separated
by a greater distance from the third than are the first three
from each other. The spicules are very unequal in length,
the left measuring 0-53 mm., the right 0-15 mm.

The tail of the female is long (1/9-5 of the total length)
and pointed. The vulva lies considerably behind the middle
of the body, dividing the total length in the proportion of
12 :5. The eggs measure 0-065<0:031 mm.

5. Heterakis bosia Lane, 1914. (Fig. 54.)

Host :—Crimson horned pheasant (Tragopan satyra) ; Zoo-
logical Gardens, Calcutta (Lane Baylis and Daubney,
Maplestone).

The male measures about 8-9-8 mm. in length, the female
9:5-11-1 mm. The maximum thickness is about 0-26-0-47 mm.
The cuticular striations are at intervals of about 2p. Lateral
al@ are present, beginning at about 0-2 mm. from the anterior
end and extending in the male to about the level of the
sucker, and in the female to within about 0-03 mm. of the tip
of the tail. The wsophagus measures 1-3-1-55 mm. in len:,;th,
the pharynx occupying 0-1 mm. and the bulb 0-45 mm. The
diameter of the latter is given by Maplestone as 0-22-0-34 mm.
The nerve-ring, according to Lane, is situated at 033 mm.,
the excretory pore at 0-6 mm., and the cervical papillie at
0-65 mm., from the anterior extremity.

The tail of the male is about 0:-55-0-69 mm. long. The sucker
has a diameter of 0-11-0-128 mm., and is situated at a distance
of about 0-15 mm. from the cloacal aperture. The twelve
pairs of caudal papille are arranged as in H. galline. The
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left spicule measures about 0:9-1 mm. in length. “Aft a
point about a quarter of its length from the point, it expands
abruptly on one side only, so that a one-sided barb is formed ™
(Lane). The right spicule is about 1:5-1-85 mm. long. * For
its last 0-5 mm. it expands into a portion shaped like a spear-
head, which however is not quite symmetrical, measures
0-075 mm. in width, narrows sharply and is then projected
into a fairly long sharp point ™ (Lane).

Fig. 54.—Heterakis bosia. A, posterior end of male; ventral view,
showing point of right spicule. B, tip of left spicule;
dorsal view. (After Lane.)

The tail of the female is about 1:2-1-5 mm. long, and bears
a pair of papille at 0-8 mm. from its tip. The vulva is just
behind the middle of the body. Papilla-like tubercles may
or may not be present in its vicinity *. The eggs measure
0-068-0-08 % 0:035-0-04 mm.

* Such tubercles are often present near the vulva of many species
of Heterakis, and are probably produced by the sucker of the male.
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ti. Heterakis vulvolabiata Chandler, 1926.

Synonym :—Heterakis vulvolabita Chandler, 1926.

Host :—Black-throated hill partridge (Arborophila torqueola)
(cca and large intestine); Zoological Gardens, Caleutta
(Chandler, Maplestone). '

The male measures about 6-7 mm. in length and about
0-25 mm. in maximum thickness, the female 7-8 mm. and
0-265 mm. respectively. The diameter of the head (in the
male) is about 0-055 mm. The lips are semiglobular, without,
prominent papille. The lateral ale are narrow. The ceso-
phagus is about 0-78-0-875 mm. long, the pharynx 0-07 mm.
ag:.ll the bulb 0-21-0-235 mm. The latter is 0-15-0-17 mm.
wide.

The tail of the male measures 0-23-0-32 mm. in length,
the slender portion behind the papille occupying only 0-07 mm.
The preanal sucker is small, measuring only about 0-05 mm.
in diameter, and is situated at 0-08-0-096 mm. from the cloacal
aperture. There are thirteen pairs of caudal papille. Their
arrangement is as usual in the genus, except that the * para-
cloacal ¥ group includes seven pairs. Two of these are
subventral and five lateral. Of the latter the first and fourth
are smaller than the others. The spicules are very unequal
and dissimilar. The left is 0:29-0-32 mm. long and about
0-018 mm. wide. The right is extremely slender and bristle-
like, 0-535-0-6 mm, long and only 3p thick at its middle
and about 9 u at its root.

The tail of the female is about 0-54 mm. long, tapering for
a distance of about 0-39 mm. and then ending in a thin,
sharp point. The vulva is considerably behind the middle
of the body, dividing the total length in the proportion of
about 7:5-5. Its lips are prominent, projecting from the
body-wall for a distance of about 0:02 mm. * The ovejector
makes a prominent loop in the region of the vunlva giving
the effect of a more or less hemispherical body * (Chandler).
The eggs measure about 0:055-0:06 < 0:035 mm.

7. Heterakis parva Maplestone, 1931.

Host :—Silver pheasant (Gennaus nycthemerus); Zoological
Gardens, Caleutta.

The male measures 4:68 mm. in length and 0-247 mm. in
maximum thickness, the female 6:03 mm. and 0376 mm.
respectively. The lips are not separated from the .body by
a groove. There are no lateral al@. The csophagus, including
the bulb, is 0-634-0-673 mm. long, the pharynx occupying

0-044 mm.
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The tail of the male is 0:356 mm. long. The preanal sucker
has a diameter of 0-062 mm., and is situated at 0-118 mm.
from the cloacal aperture. There are fourteen pairs of caudal
papille, the * paracloacal ” group including seven pairs
(fqlll' lateral, three subventral), and a small subventral pair
bﬂ}ng present near the bases of the isolated lateral pair between
this group and the posterior group. ** The spicules are similar
in shape but unequal, one being 0-317 and the other 0-277 mm.
in length.”

The tail of the female is 0-594 mm. long. The vulva
15 situated at 2-65 mm. from the posterior end, and has
slightly prominent lips. The eggs measure 0-06-0-062 > 0:032—
0:034 mm.

S. Heterakis isolonche v. Linstow, 1906. (Fig. 55.)

Synonyms * :—Heteraliis putaustralis  Lane, 1914 ; Heterakis
neoplastice Wassink, 1917 ; Heterakis hastata Chandler, 1026 ;
Heterakiz lanei Chandler. 1926 ; Heterakis variabilis Chandler,
1926.

Hosts :—This" parasite is associated with the disease known
as nodular typhlitis in pheasants. It occurs more especially
in the ornamental species, such as the golden and Amherst
pheasants, which are frequently kept in captivity in Europe
and America. In India H. isolonche (including its synonyms)
has been recorded by Baylis and Daubney, Chandler, and
Maplestone from various Galliform birds in the Zoological
(Gardens, Caleutta. These include the erimson horned pheasant
(Tragopan. satyra), monal (Lophophorus impejanus), blood-
pheasant (Ithaginis cruentus), crested fireback (Lophura rufa),
peacock-pheasant (Polyplectron bicalcaratum), kalij (Gennaus

# Maplestone (1932, a) considers H. hastate and H. lanei synonyms of
H. isolonche, but H. variabilis a distinct species. The writer is unable
to find in the description of H. variabilis sutficient grounds for separating
it from H. isolonche. and agrees with Maplestone as to the other two
species, On the other hand, Maplestone treats H. beramporia (vide
infra) as a synonym of H. putaustraliz, which he considers a good species,
With this the writer is unable to agree. Some of Maplestone’s quota-
tions of measurements from Lane’s description of H. beramporia are
quite erroneous. The writer has re-examined the type-specimens O
H. beramporia and H. putaustralis, which arc in the British Muscum
(Natural History), nm! alzo, through the km'dmf?s of Col. Clayton Lane,
has been able to examine all the other material, in h_ls private collection.
identified by him as belonging to these two species. As a result. of
this study the writer has come to the following conclusions : (1) H. hcmnle-
poria i§ quite distinet from H. pulaus_lmlm. n_ntl. was quite accurately
desoribed by Lane; (2) H. putaustralis Lane is lml!anngulshnble_fljom
H. isolonche, and the measurements of its spl(-ulc.-n given in the ungtano
description do not agree with any of the material cxgmmml: (3) the
H. putaustralis of Maplestone is probably H. beramporia.
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leucomelanos) and silver pheasant (Gennaus nycthemerus).
Theé worms inhabit the cwmea of their hosts, the immature
forms being found in the thickness of the cwecal walls, frequently
in nodular thickenings, while the adults are found free in the
lumen.

The measurements of this species are very variable, and
this fact probably accounts for its having been described
under so many names. The male measures 7-15 mm. in
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Fig. 55.—Heteralis isolonche. Posterior end of male ; ventral view.
(After Lucet and Henry.)

length and about 0-25-0-55 mm. in maximum t-hmlf"GSS,
the female 7-3-17 mm. and about 0-35-0-6 mm. respectively.
The cuticular striations are at intervals of about 35" Narrow
lateral al® begin at about 0-1 mm. from the anterior end and
extend for the greater part of the length of the body. The
eesophagus, including the bulb, is about 0-91-2-1 mm. Iong.
The bulb measures about 0-24-0:45 mm. in length nn‘d 0-16-
0-3 mm, in width. The nerve-ring is situated at about 0-27 mm.,
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the excretory pore at 0-38 mm., and the cervical papille at
0:5 mm., from the anterior extremity.

The tail of the male is 0-4-0-8 mm. long. The sucker
has a diameter of about 0-08-0-15 mm., and is situated at
a distance of 0-6-1-06 mm. from the tip of the tail. The
twelve pairs of caudal papille are arranged as in H. gallinz.
The spicules are broadly alate and subequal, the right being
slightly longer than the left and having a thicker shaft and
broader ale. The left spicule varies in length from about
0-72 to 1-9 mm., the right from about 1 to 2-3 mm.

The tail of the female measures 0-83-1:75 mm. in length,
and is tapering and pointed. The vulva varies somewhat
in position, but is usually a little in front of the middle of the
body. One .or more papilliform tubercles may often be
observed in its vicinity. These correspond in diameter with
the interior of the sucker of the male, and are probably caused
by it. The eggs measure 0-065-0-08 x 0-035-0-046 mm.

9. Heterakis papillosa (Bloch, 1782) Railliet, 1885.

Synonyms :—A¥caris papiliosa Bloch, 1782 (part); Fusaria
papillosa Zeder, 1803 (part); Heterakis monticelliana .Stossmh.
1892 : Heterakis caudata v. Linstow, 1906; Heterakis stylosa
v. Linstow, 1907. (Not Heterakis papillosa auctt.—H. gallinz.)

Hosts :—This species is recorded from the caca and large
intestine of bustards (Otis tarda, Tetrax tetrax) in Kurope
and Asia by Bloch, v. Linstow and other authors. Maplestone
(1932, @) records it from the silver pheasant (Buplocamus nycthe-
merus) and cereopsis goose (Cereopsis novee-hollandiz) in the
Zoological Gardens, Calcutta. The specimens from the goose
are recorded under the name of H. caudata, but Maplestone
states that he believes this to be a synonym of H. papillosa.
H. caudata was originally recorded by v. Linstow from.a duck
(Lampronessa [Aizx] sponsa) in Europe. The following de-
scription includes the measurements given for both forms.

The male measures 7-3-13 mm. in length, the femalve 8-9-
90 mm. The maximum thickness is 0-22-0-63 mm. Narrow
lateral ale (broader in the csophageal region) extend through-
out almost the whole length of the body. Th.e cesophagus
occupies 1/9 to 1/7 of the total length. According to Maple%
stone it is 1-12-1-:56 mm. long, and its bulb has a diameter o
0-18-0-25 mm. oo

The tail of the male has broad al® and.a_ long termina
filament. The sucker is of a very characteristic shape, be:mg
unusually deep and having a broad base zu')d a narrow openmlg-
Its diameter is about 0-11-0-22 mm., and its distance fro_m the
cloaca 0-18-0-3 mm. There are usually twelye pairs ol
papille, whose arrangement is typical except that the latera
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paracloacal papillee are unusually widely separated. Maple-
stone observed one specimen in which there was an extra pair
of small papillz at the bases of the intermediate pair. The
spicules are equal and measure 0:39-0-61 mm. in length.

The tail of the female occupies 1/15 to 1/9 of the total
length, or, according to Maplestone, measures 0-79-1-36 mm.,
and is finely pointed. The vulva is somewhat variable in
position, but is usunally situated towards the posterior third
of the body. Cuticular tubercles, corresponding in shape
with the peculiar sucker of the male, may be present in its
vicinity. The eggs measure 0-068-0-075< 0:042-0-048 mm.

10. Heterakis beramporia Lane, 1914.
Synonym ¥ :—Heterakis putaustralis of Maplestone, 1932,

Hosls :—This species was originally recorded by Lane
from the domestic fowl ati Berhampore, Bengal. It has been
recorded from the same host in Caleutta by Maplestone, and
in the Philippines. The writer has alsogmet with it in
material from Malaya. Maplestone furthéf records it from
the silver pheasant (Gennmus nycthemerus) and Sonnerat’s
Jungle-fowl (Gallus sonnerafii) in the Zoological Gardens,
Calcutta, ; ;

The male measures about 5-6 mm. in length and up to
0-26 mm. in maximum thickness, the female about 6-8 mm.
and up to 0-3 mm. respectively. In the female the body curves
ventrally somewhat abruptly at about the level of the vulva.
The cuticular striations are at intervals of about 2. Lateral
al@ are present, beginning at about 0-8 mm. from the anterior
end and extending in the male to about the level of the sucker,
and in the female almost to the tip of the tail. The wsophagus
is about 0-75 mm. long, the pharynx occupying 0-045 mm.
and the bulb 0:2 mm. The nerve-ring is situated at 0-225 mm.,
the excretory pore at 0-35 mm., and the cervical papille at
0-38 mm., from the anterior extremity.

The tail of the male is 0:37 mm. long. The sucker has
a diameter of 0:055 mm., and ig situated at a distance of
0-12 mm. from the cloacal opening. There are twelve pairs
of papillee, arranged as in H. gallinazz. The spicules are almost
equal in length but of different shapes. The left spicule is
about 0-3 mm, long, expanded in its distal third, and bears
near the tip a rather prominent angle on its ventral surface.
The right spicule is about 0-35 mm. long, and has a tapering
point with a slight ventral curve.

* See dizcussion under H. isolonche (p. 119, footnote).
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The tail of the female is 066 mm. long and bears a pair of
papille at 0-33 mm. from the tip. The vulva is at about the
middle of the body and is sometimes covered by a flap which
projects from its anterior or posterior lip. The eggs measure
0:05-0-066 < 0:03-0-038 mm.

I1. Heterakis hamulus v. Linstow, 1906.

Host :—This species was recorded by v. Linstow from the
cmca of a species of peafowl (Pavo muticus [P. spiciferus])
which occurs in the Malay region and Burma. The specimens
described were in the Zoologic:il Museum, Konigsberg, Germany'.
The worm does not appear actually to have been found in the
Indian region.

According to the brief description given by v. Linstow,
the male is 7-5 mm. long and 0°41 mm. in thickness, the female
7:6 mm. and 0-46 mm. respectively. The cuticle is finely
striated. The esophagus occupies 1/9 to 1/8 of the total length.

The tail of the male measures 1/21 of the total length.
The preanal suc}er has a diameter of 0-071 mm. There are
two pairs of pedunculate papille at the sides of the sucker,
five pairs in the neighbourhood of the cloaca, the most posterior
of these being ventral, the others lateral, and three pairs
situated more posteriorly. The right spicule is slender and
0-37 mm. long, and is curved into a hook at the tip. The left
spicule is straight, 0-32 mm. long, and alate except at the tip-
(According to the description it is surrounded by a chitinoid
sheath from which only the tip projects).

The tail of the female measures 1/8 of the total length.
The vulva is situated at about the middle of the body. The
eggs measure 0-057 > 0:042 mm.

12. Heterakis spumosa Schneider, 1866. (Fig. 56.)

Synonyms :—Heterakis dahomensis Gendre, 1011 ; Ganguleteralkis
gangula Lane, 1914 ; Ganguleterakis spumosa Lane, 1917.

Hosts -—This species occurs in the cecum of rats of various
species, and is widely distributed in many parts of the world.
In India it has been recorded from the brown rat (Rattus
norvegicus [ Mus decumanus]) at Berhampore, Bengal (Lane).

The male measures 6-4-9-85 mm. in length and 0-26—
(-33 mm. in maximum thickness, the female 7-13 mm. and
0-3-0-52 mm. respectively. The cuticular striations are about
10 apart. Lateralale are present, beginning at about 0-2 mm.
from the anterior end and extending in the male to the level
of the preanal sucker, in the female to the tip of the t_d-‘
In the cervical region the al® are com}mmt}vely wide
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(0-07 mm.), but at about the posterior end of the @sophagus
they become narrow. The diameter of the head is about
0-07-0-08 mm. The csophagus, including the bulb, is
0-875-1 mm. long, the pharynx occupying 0-065-0-075 mm.
and the bulb 0-25-0-3 mm. The latter is 0-125-0-2 mm. wide.
The nerve-ring is situated at 0-33 mm., the excretory pore at
about 0-45 mm., and the cervical papille at 0-225-0-5 mm.,
from the anterior end.

The tail of the male is 0-25-0-3 mm. long. The caudal
ale are wide anteriorly, but diminish rather suddenly in width
at about the middle of the tail. The preanal sucker is promi-
nent, and has an antero-posterior diameter of 0-065-0-082 mm.
Its transverse diameter is greater (0-086-0-1 mm.). The sucker
is situated at 0-435-0-6 mm. from the tip of the tail and about

Fig. 50.—Heterakis spumosa. Posterior end of male ; ventral view.
' (After Lane.)

0-2 mm. from the cloacal aperture. There are ten pairs of
caudal papille. The * paracloacal” group includes five
pairs, of which three are lateral and two subventral. Of the
lateral papille the anterior on each side is very large, with
a stout, granular base. The next is smaller, but a]so' has
a thickened base, while the posterior is long but comparatively
slender. The posterior group, situated on the more slen(!er
portion of the tail, consists of three pairs, of which the anterior
papilla on each side is the most slender and the middle papilla
the stoutest. The spicules are subequal and measure 02—
0-37 mm. (or, according to Gendre, 0-4 mm.) in length._ They
are flattened, gradually tapering and longitudinally striated.
The tail of the female is 0-68-0-9 mm. long, and bears a
pair of papille at about 045 mm. from the tip. The vulva
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is sitnated slightly behind the middle of the body and has
rather prominent lips, each of which bears a pair of papille.
Cuticular protuberances may be present in its vicinity. The
eggs have mammillated shells measuring 0-055-0-065> 0-04-
0-055 mm.

13. Heterakis girardi (Lane, 1917).
Synonym :—Gireterakis girardi Lane, 1917.

Host :—Porcupine (Hystriz bengalensis) (in testine); Zoological
Gardens, Calcutta.

The male measures 18-21 mm. in length, the female 24—
26 mm. In both sexes the maximum thickness is 0-9 mm.
The anterior end of the body is curved ventrally. The cuticular
striations are 13u apart. The lateral ale begin near the
anterior end, and are at first narrow. They expand rather
suddenly at about the level of the nerve-ring, and reach
their maximum width of 0-037 mm. at the level of the ceso-
phageal bulb. From this point they diminish gradually
in width, and extend in the male to a point just behind the
beginning of the caudal ale, and in the female to the tip of the
tail. The cesophagus is about 2:1 mm. long, the pharynx
occupying 0-125 mm. and the bulb 06 mm. The latter is
0-35 mm. wide. The cervical papillz are situated at 0-25 mm.
and the excretory pore at 0-6 mm. from the anterior end.
The nerve-ring is a little in front of the excretory pore.

The tail of the male is 0-66 mm. long. The caudal alm,
which are joined by a continuous membrane across the ventral
surface anteriorly, begin at about 1-35 mm. from the posterior
end, and continue nearly to the tip of the tail. The preanal
sucker is oval, its longer axis (0-11 mm.) being antero-posterior.
Its transverse diameter is 0-1 mm. It is situated at 0-175 mm.
from the cloacal aperture. There are 15 pairs of caudal papille,
of which four are lateral, ten subventral and one subdorsal.
The subdorsal pair is the fourth from the posterior end. The
largest papille are a lateral pair at the level of the cloacal
opening. The spicules are equal or subequal, measuring about
1:5 mm. in length. At 0-5 mm. from their roots they are
bent ventrally at an obtuse angle. At this point begins
an expansion on the inner side of each spicule which extends,
with a gradually dlmmishing width, to within some little dis-
tance of the tip of the spicule. The terminal portion of the
spicules is rod-like.

The tail of the female is tapering and slightly curved dorsally.
It measures 19 mm. in length and bears a pair of papilla
at 0-8 mm. from the tip. The vulva is situated at 7-8 mm.
from the anterior end of the body. The vagina runs posteriorly
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from the vulva for a distance of about 2 mm., where it expands
in diameter. At about 6 mm. from the vulva the apparently
opposed uterine branches originate. The eggs measure
0:05:20-037 mm.

~ 14. Heterakis govindi (Karve, 1930). (Fig. 57.)

Synonym :(—Meteteralis govindi Karve, 1930.

Host :—Bufo melanostictus (rectum) ; Rangoon, Burma.

The male measures 5-5-4 mm. in length and about 0-23—
0-29 mm. in maximum thickness, the female 4-6-6 mm. and
0-25-0-3 mm. respectively. The body is “ bent ventrally
to a marked degree in both sexes.” Lateral ale are present,
but feebly developed. In the female they begin at about
0:3 mm. from the anterior end and extend to the tip of the

ormm,

Fig. 57.—Heterakis govindi. Posterior end of male ; ventral view.
(After Karve.)

tail. The cesophagus is about 0:9-1 mm. long, the pharynx
occupying 0-043-0-054 mm. and the bulb 0-19-0-3 mm. The
latter is 0:143-0:193 mm. wide. Cervical papille were not
observed. The nerve-ring is situated at about 0-3 mm. and
the excretory pore at about 0:46-0-54 mm, from the anterior
extremity.

The tail of the male is about 0:17-0-2 mm. long. The
cloacal aperture has large and protruding lips. There are
well-developed caudal al. The preanal sucker measures about
0-041-0-044 < 0-024-0-03 mm., its longer diameter being
antero-posterior, It is situated at about 0-07 mm. from the
cloacal aperture. There are at least 17 pairs of caudal
papille. Four pairs of small, subventral papille are situated
in front of the sucker. At the sides of the sucker there are
three pairs, the two anterior pairs being large, the posterior
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pair small. At the sides of the cloacal aperture, or just
anteriorly to it, there is a pair of large, lateral papille, and
also. just in front of it there are two pnirs of small, subventral
papille which form a transverse row, those of the inner pair
being very minute. Seven more pairs of small papillze, mostly
subventral, are situated on the tail. In addition to the papille
already mentioned, ““the area surrounding the cloacal aperture
appears to be covered with minute papille.” The spicules
are equal and similar, tapering and very delicate distally.
They measure about 0-27 mm. in length. )

The tail of the female is 0-26-0-34 mm. long, tapering and
pointed. There is a pair of caudal papille at 0-:09 mm.
from the tip. The vulva is sitnated a little in front of the middle
of the body (at 2:2-2:8 mm. from the anterior end), and 18
covered by a posteriorly-directed flap. The vagina runs
posteriorly from the vulva for a distance of about 1-3 mm.,
and here gives origin to the two uterine branches. These
appear to be parallel. The coils of the ovarian tubes extend
anteriorly to a point about 0-34 mm. from the posterior end
of the @sophagus, and posteriorly to within about 0:67 mm.
of the posterior extremity. The eggs measure 0-075%
0-043 mm. “

2. Genus PSEUDASPIDODERA Baylis and Daubney. 1922.

Lips with “ cordons,” opening in pairs at the interlabial
spaces, diverging and sometimes recurrent, ending blindly on
the outer surfaces of the lips. (Esophagus as in Heferakis, with
a short. pharynx and a well-developed posterior pyriform bulb.
Caudal ale of male well developed and supported by peduncu-
late papillee. Spicules unequal and dissimilar. the right long,
the left short and sometimes having a barbed tip. No acces-
sory piece.  As in Heleralis, papilliform cuticular protuberances

are sometimes seen in the neighbourhood of the vulva. ‘These
are ])r()bnhl_\' ])I'Odllct‘d b_\' the sucker of the male. Uterine

branches opposed. Eggs thin-shelled, with a slight internal
thickening at one pole. Adult worms in the large intestine
and cmea of Galliform birds,

Genotype :—Pseudaspidodera pavonis Baylis and Daubney.
1922.

Key to Species.

Longer spicule of male more than 2 mm. long . voluptuosa, p. 131
Longer gpicule of male less than 1 mm. long. . .. 19
l. Longer spicule about 0:8 mm. long; shorter
gpicule 045 ML . covtoit i i pavonis, p. 128.
Longer spicule less than 0-7 mm. long ; shorter
spicule about 0-3 M. . ... ... .. oI PO spinosa, p. 132-
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1. Pseudaspidodera pavonis Baylis and Daubney, 1922,
(Figs. 58-60.)

Hosts :—Burmese peafowl (Pavo muticus), peafowl (Pavo
cristatus) and argus pheasant (Argusianus argus) ; Zoological
Gardens, Calcutta. :

The male measures about 6 mm. in length and 0-25 mm. in
maximum thickness, the female 7 mm. and 0-3 mm. respec-
tively. The cuticular striations, if present, are extremely fine.
The * cordons ™ on the head consist of tubular grooves running
below the surface of the cuticle and having a narrow external
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Fig. 68.—Pseudaspidodera pavonis. Anterior end of female ;
view. ¢., ¢’., cordons; d.l, dorsal lip ; p., papilla.

Baylis and Daubney.)

|
lateral
(After

opening along their length. The members of each pair of
““ cordons ” diverge at once and, after running back for a short
distance, turn forward, each on to the outer surface of one of
the lips, where it ends separately. The diameter of the head
at the posterior limit of the “ cordons’ is about 0-1 mm,
Narrow lateral al@ are present, running down the body from
a little in front of the nerve-ring nearly as far as the tail.
The cesophagus measures 1-4-1-48 mm. in length in the male,
1:5-1:6 mm. in the female. The bulb is 0-25-0-26 mm. long
and 0-17-0-19 mm. wide. The nerve-ring is situated at 0-4—
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0-46 mm. and the excretory pore at 0-6-0-65 mm. from the
anterior extremity.

The tail of the male is 0-38-0-43 mm. long. The caudal
ale are wide and extend posteriorly nearly to the middle of
the tail. The distal portion of the ‘tail is simple and slender,
ending in a fine, tapering point. The preanal sucker has
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Fig. 50.—Pseudaspidodera pavonis. A, posterior end of male, latgral
view ; B, the same, ventral view. [, left spicule ; ., right
spicule. (After Baylis and Daubney.)

a diameter of 0-12-0-13 mm., and is situated at 0-15-0-17 mm.

from the cloacal aperture. There are twelve pairs of caudal

papille, arranged as in typical species of Heterakis, two pairs

being situated at the sides of the sucker, six pairs (four lateral,
NEM, =
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two subventral) forming a * paracloacal » group, and three
pairs forming a group near the posterior limit of the alm,
with a rather large, isolated pair between this and the para-
cloacal group. The spicules are very unequal and dissimilar,
The right spicule is slender and simple, and measures 0-78 mm.
in length. The left spicule is provided with broad ala, has
a barbed tip and is 0-45 mm. long.

The tail of the female is tapering and measures about
I mm. in length. At about the middle of its length it bears
a pair of very minute papille. The vulva is situated behind
the middle of the body, at about 3 mm. from the posterior end.
The vagina runs forward at first for a short distance from the
vulva, then, taking a characteristic turn to the right and
dorsally, doubles back and runs quite straight posteriorly to
4 point about 0-8 mm. behind the vulva. Here it doubles

Fig. 60.—Psewdaspidodera pavonis. Vulva and vagins; late
¢., plug of cement in vulva. The arrow pointa in
tion of the head, (After Baylis and Dnubney,)

ral view,
the dirpo.

forward again, and at about 0-15 mm. behind the
off ‘the two opposed uterine branches. Ag i,
the two oviducts, doubling upon themselves in th
and posterior halves of the body respectively, return , d
cross each other, so that the coils of the ovar{;'belongin r;

the anterior uterus are disposed in the posterior half ofgiho
body and those of the other ovary in the anterior half Tl 9
eggs are somewhat oblong, with a ship shell measnn‘ng-ab e
0-07x 0-04 mm., and usually showing o slight internal thicke oug
at one pole, One end of the shell, ag Seen in utero, is o(,(.,.l;-](]:r:

ally drawn out almost to a point, e contents
are unsegmented at the time of Iaying_ $ of the ezgs

vulva giveg
IIe(arak;,g_
€ anteriop
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2. Pseudaspidodera voluptuosa Chandler, 1926.

Synonyms :—Pseudaspidodera voluptuosus Chandler, 1926 ; Heler-
alis longespiculum Maplestone, 1931,

Hosts :—Argus pheasant (Argusianus argus) and red-crested
wood-quail (Rollulus rouloul) (large intestine and caeca) ;
Zoological Gardens, Calcutta.

The male measures 6-25-9:25 mm. in length and 0-325-
0-38 mm. in maximam thickness, the female 9-35-10-15 mm.
and 0-46 mm. respectively. The cuticle is very finely
striated. The cephalic * cordons ”* are not recurrent, but
each is curved so as to form a quarter of a circle, its tip
nearly meeting one of the cordons of the adjacent pair.
The lateral al® are about 25u wide. They begin at about
0-15 mm. from the anterior end, and extend for about 3/5
of the length of the body in the female and 3/4 of its length
in the male. The msophagus is about 13 mm. long in the
male, 1-6-1-7 mm. in the female. The pharynx is about
0-09 mm. long and the bulb 0-3-0-32 mm. The latter is
0-25 mm. wide. The nerve-ring is situated at abouf the
middle of the prebulbar portion of the esophagus.

The tail of the male is 0-36-0-39 mm. long. The caudal
ale and papille are similar to those of P. pavonis. The pre-
anal sucker has a diameter of about 0-1 mm., and is situated
at 0-125-0-16 mm. from the cloacal aperture. The spicules
are very long and unequal in length. The left spicule, accord-
ing to Chandler, is the longer, and measures 2-7-3-45 mm.,
while the right measures 1-44-1:7 mm., The right spicule has
broad ale for its whole length and a simple, pointed tip.
The left spicule has narrower ale and tapers more gradually
to the tip.

The tail of the female is slender and tapering, and measures
1:05-1-25 mm. in length. The vulva is situated considerably
behind the middle of the body, dividing the total length in
the proportion of about 6:4. The body is very slightly
narrowed immediately behind the vulva. A number of cuti-
cular protuberances, probably caused by the sucker of the male,
may be present in the vicinity of the vulva, usually a short
distance behind it. The vagina turns forward from the vulva
for some distance. The eggs are oblong and thin-shelled,
and measure 0-06-0-068 3¢ 0-035-0-038 mm.

_Chandler (1926, @) has described a variety (var. minor) of
this species from the red.crested wood-quail (Roliulus rouloul).
It differs from the typical form only in size and in a few minor
characters. The male measures 555 mm. in length and
0-225-0-25 mm. in maximum thickness, the female 6-75-
785 mm. and 0-31 mm. respectively. The @sophagus is

K2
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relatively a little longer than in the typical form, oceupying
about one-fifth of the total length. The tail of the maie is
relatively longer, reaching & length of 0-36-0-4 mm. This is
due to the greater length of the slender posterior portion.
*“ The bursa and papille are similar to those of the typical
form except for a slightly better development of the third
paracloacals. The spicules are not reduced in size as i8 the
body.” The right spicule is about 1-5 mm. long and the left
3-3-4 mm., or 3/5 to 5/8 of the total length. The tail of the
female is about 1 mm. long. * The vulva is situated a little
farther forwards than in the typical form and divides the body
about 6 : 5 or even more nearly into equal halves.”

Maplestone (1932, a) states that on re-examination of his
species Heterakis longespiculum he has concluded that it is
identical with P. voluptuosa var. minor, the cephalic ** cordons ”
having been so indistinet in the original material as to esca;
his notice. Some of the measurements given by Maplestone
(1931) for H. longespiculum are rather different from Chandler’s.
He gives the length of the tail of the male as 0-455 mm., and
of that of the female as 1-5 mm. The lengths of the spicules
are given as 2:08 mm. and 4-1 mm.

3. Pseudaspidodera spinosa Maplestone, 1932,

Host :—Argus pheasant (Argusianus argus) (intestine) -
Zoological Gardens, Calcutta. ;

The male measures 7-:8-8-5 mm. in length, the female about,
9:3-9-5 mm. The maximum thickness is 0-45-0-49 mm,
The cordons are well developed and are “ armed for their
whole length by a single row of relatively stout spines.” They
extend back on the dorsal surface for a distance of 0-2-
0:24 mm., and on the subventral surfaces for 0-22-0-27 mm.
Their recurrent branches anastomose at about the level of
the posterior end of the pharynx. The @sophagus measures
0:65-0:71 mm. in length, of which the pharynx occupies
0:08-0-11 mm. and the bulb 0-32-0-34 mm. The diameter
of the bulb is 0-25-0-28 mm.

The tail of the male is 0-39-0-45 mm. long. “The caudal
ale appear to be divided into three portions by one trans.
verse groove between the sucker and clogoea and a second or;e
just behind the posterior group of caudal papille.” There
are twelve pairs of candal papille, the arrangement of which g
typical. The sucker is relatively large, having a diameter of
0-24-0-25 mm., and is situated at a distanee of 0:14-0-18 mm
from the cloacal aperture. The spicules are similar in fm.m'
but unequal in length. They measupe respectively 0-277-
0-:317 mm. and 0-614-0-673 mm. )
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The tail of the female is 1-09 mm. long. The vulva is situated
somewhat behind the middle of the body, at 3:745-4-058 mm.
from the posterior end. The vagina is similar to that of
P. pavonis. The eggs measure 0-06 x 0-036 mm.

3. Genus ASCARIDIA Dujardin, 1845.

Lips well developed, without * cordons.” Slight lateral
ale usually present on the body. Esophagus club-shaped,
without. posterior bulb. Male with slight caudal ale and
relatively large caudal papille. Spicules equal or subequal.
No accessory piece. Vulva near the middle of the body.
Uterine branches opposed. Eggs thick-shelled, with an
appearance as of an internal thickening of the shell at one
pole. Adult worms in the small intestine of birds and reptiles.

Genotype :—Ascaridia hermaphrodita (Frélich, 1789).

Key to Species.

Parasite of ** jungle crow ' (Centropus) ....... trilabium, p. 141.
Porasite of PIgEONS « . cov et innsebiaaenss columba, p. 137,
Parasites of Galliform birds. ... ... ... ........ 1.
P ATaSItes OF CPN O 3 F s s e s oo o a e aas o ofe 2.
1, Third pair of caudal papille of male from
anterior end subventral ........ .. ... galli, p. 133.
Third pair of caudal papillie of male from anterior
T B U e T e e e e RS St o compnir, p. 136.
2. Male with six pairs of preanal papille ......,, cristata, p. 139,
Male with three pairs of preanal papille ...... stroma, p. 140.

1. Ascaridia galli (Schrank, 1788) Freeborn, 1923. (Fig. 61.)

Synonyms * i—dAscaris teres Goeze, 1782 (part); Ascaris galli
Schrank, 1788; Ascaris gallopavonis Gmelin, 1790; Fusaria
inflexa Zeder, 1800 ; Ascaris perspicillum Rudolphi, 1803 ;
Ascaris inflexa Rud., 1809 : Ascaris gibbosa Rud., 1809 ; Ascaris
(Ascaridia) perspicillum Dujardin, 1845 ; Ascaris (Ascaridia)
inflexa Duj., 1845; Ascaris (Adscaridia) gibbosa Duj., 1845 ;
Heterakis infleza Schneider, 1866 ; Heteralis lincata Schneider,
1866 : Heterakis perspicillum Railliet, 1893 ; Heterakis granulosa
v. Linstow, 1906; Ascaridia perspicillum Railliet and Henry,
1912; Ascaridia lineata Raill. and Henry, 1912; Ascaridia
granulosa Raill. and Henry, 1012 : Ascoridia hamia Lane, 1014,

Hosts :—This species is of cosmopolitan distribution, and
oceurs in a considerable number of birds—chiefly Galliformes,
but also ducks. Its most usual host is the common fowl.
It also occurs in the turkey, guineafowl and domestic duck.
Hosts from which it has been recorded in India include the
common fowl (Berhampore, Bengal (Lane) ; Calcutta (Baylis

* See Baylis, 1932, Ann. & Mag. Nat. Hist. (10) x, pp. 520-524.
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and Daubney); Madras (Ackert); Colombo, Ceylon (v.
Linstow)) and the blood pheasant (Ithaginis cruentus) (Zoo-
logical Gardens, Calcutta; Baylis and Daubney). The
usual habitat of the adult worms is the lumen of the small
intestine of the host. They are, however, sometimes found
in thelarge intestine, and occasionally wander into the oviduet,
In the latter case they may become enclosed in an egg at the
time of the deposition of the shell. A considerable number of
instances are on record of the finding of such worms in eggs.

The male measures 33-80 mm. in length and 0-49-1-21 mm.
in maximum thickness, the female 60-123 mm. and 0-9—
1-86 mm. respectively. The diameter of the head is 0-28—
0-47 mm. The dorsal lip is somewhat broader than the sub-
ventral lips, and bears a pair of large, lozenge-shaped papille,
Each of the subventral lips has one large lozenge-shaped
papilla towards its ventral side, and a very small circular
papilla, more anteriorly placed, towards the other side.
On the inner surface of each lip anteriorly there is a transverse
ridge, sometimes described as a dentigerous ridge. It does not,
however, appear to bear teeth. A pair of feebly-developed
and extemely narrow lateral ale may sometimes be detected
in the cervical region, but ale are not distinguishable at all
as a rule. The interval between the cuticular striations
varies from 12-5p, according to Dujardin, to 100 #, according
to Ackert. The esophagus is 2:1-7-2 mm. long, its average
length, according to Ackert, being 35 mm. in the male and
3:9 mm. in the female. The nerve-ring is situated at (0-3—
1:5 mm., the excretory pore at 0-74-1-53 mm., and the cervical
papille at about 0-9 mm., from the anterior end. According
to Lane there may be five or six small “ nuchal papillse
on each side close to the head. . The writer has been unable
to verify this, but in certain other species of the £enus a con-
siderable series of papille certainly occurs in the cervieal
region.

The tail of the male measures 0-48-0-85 mm. in length,
The preanal sucker has a diameter of 0-2-(0-28 mm. in mature
specimens, though in very young individuals it is sometimes
as small as 0-14 mm. It is situated at o distance of 02—
0-24 mm. from the cloacal aperture. The ventral surface in
the neighbourhood of the cloacal aperture, and as far forward
as the sucker, is usually covered with small papilliform euti-
cular bosses. The normal number of candal papille is ten
pairs, which are generally arranged as shown in fig. 61. There
is, however, a good deal of variation in the posiﬁon of some
of the papille, and even in their number, Occasionally one
or both of a pair may be absent, two papille may be fused,
or extra papille may be interpolated, The spicules measure
1-2-6 mm. in mature specimens (average length 194 mm,,
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according to Ackert). In young males they may measure
only 0-54 mm.

The tail of the female is about 1-1:-88 mm. long (average
1-56 mm., Ackert). There is a pair of papille at about
0-5 mm. from the tip. The vulva varies considerably in
position, but is usually somewhat in front of the middle of the
body. The eggs have smooth, thick shells measuring 0-065—
0-088 < 0-:04-0-05 mm. (average 0-076<0-:049 mm., according
to Ackert). The thickening sometimes observed on the inside
of the shell at one pole does not, according to Ackert, belong
to the shell itself, but to the vitelline membrane.

Fig. 62.
Fig. 61.

c2am

Fig. 61.—Ascaridia galli. Posterior end of male; ventral view.
(After Boulenger.)
Fig. 62.—Ascaridia compar. Posterior end of male; ventral view.
(After Baylis and Daubney.)

The life-history of this species, which has been extensively
studied by Ackert (1931) and others, may be briefly summarized
as follows :—The eggs, which are unsegmented when laid, are
passed to the exterior in the bird’s droppings, and develop
to the infective stage in 10 to 16 days or more, according to
the conditions of moisture and temperature. If swallowed
at this stage by & suitable host they hatch in the duodenum.
Experiments have shown that eggs may occasionally hatch
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in water, and that infestation may follow the ingestion of
the free larvie. This, however, probably rarely happens in
nature, and the swallowing of eggs is regarded as the usual
mode of infection. During the first nine days after hatching
the larve live in the posterior portion of the duodenum,
either in the lumen or between the villi of the lining. From
about the tenth to the seventeenth day they penetrate the
mucous membrane, and may be observed with their anterior
ends buried therein and the posterior half of the body pro-
jecting into the lumen. From the eighteenth day onwards
they withdraw from the mucosa and live free in the lumen.
A few larve may occasionally migrate into other organs, such
as the liver and lungs, but such migration is apparently not
a regular feature of the life-history. The worms reach sexual
maturity by about the fiftieth day in chickens infected when
a month old.

2. Ascaridia compar (Schrank, 1790) Travassos, 1913. (Fig. 62.)

Synonyms :—Aascaris compar Schrank, 1790; Ascaris lagopodis

Frolich, 1802 ; Fusaria compar Zeber, 1803 : Ascaris (Ascaridia)
compar Dujardin, 1845 ; Heterakis compar Stossich, 1887.

Hosts :—This species has been recorded from a considerable
variety of Galliform birds in Europe, Asia, America and
Australia. In India it has been recorded from the chakor
(Alectoris graca chukar) in the Zoological Gardens, Calcutta
(Baylis and Daubney).

The male measures about 36-54 mm. in length and 1-2 mm.
in maximum thickness, the female 65-96 mm. and 1-6 mm.
respectively. The lips are somewhat trilobed, and each has
on its inner surface a prominent cuticular ridge, without teeth,
which projects beyond its anterior border. The cesophagus
secupies about 1/14 of the total length.

The tail of the male is about 1/66 of the total length, and
is provided with al® of moderate width. According to
Miiller (1897), the preanal sucker measures 0-34 > 0-3 mm., but
his figure does not suggest so large a size, and an error may be
suspected in his measurements. In material examined by
Baylis and Daubney the sucker was much smaller, having
a greater diameter of about 0:-15 mm. There are ten pairs
of caudal papille, arranged as shown in fig. 62. The spicules
measure 1-78 mm. in length.

The tail of the female is about 1 mm. long. The eggs measure
0-08-0-091 > 0-057-0:06 mm.

There is very little difference between this species ‘8!1(1
A. galli. As will be seen from the figure, the third pair of
caudal papille from the anterior end was, in this specimen,
distinctly lateral, while in 4. galli it is subventral. It is not
certain whether this character is constant.
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3. Ascaridia columbz (Gmelin, 1790) Travassos, 1913.
(Fig. 63.)
Synonyms :—Ascaris columba: Gmelin, 1790; Ascaris maculosa

Rudolphi, 1802; Fusaria maculosa Zeder, 1803; Ascaris
(Ascaridia) maculosa Dujardin, 1845; Heterakis maculosa
Schneider, 1866;: Heterakis columbz Railliet, 1883 ; Ascaridia
maculosa Railliet and Henry, 1912,

Hosts :—This species is of cosmopolitan distribution, and
occurs in pigeons of many species, including the domestic
varieties. In India it has been recorded from the Bengal
green pigeon (Crocopus phanicopterus), Phlogenas luzonica and
other pigeons (species unknown) in the Zoological Gardens,
Calcutta (Baylis and Daubney).

The male measures 16-70 mm. in length and about 0-7—
11 mn. in maximum thickness, the female 20-95 mm. and
1:2-2:5 mm. respectively. The head has a diameter of about
0-18-0-23 mm. There are very pronounced cuticular striations
on the body, at intervals of about 25 . Lateral ale are present
in the cervical region only. There is a series of 26 to 30 pairs
of cervical papills, extending backwards from near the posterior
end of the al®, the first two or three pairs being situated within
the al®. The nerve-ring is situated at about 0-5 mm.‘from
the anterior end. Numerous rounded or oval vesxc.ula:!‘
bodies are usually present within the body-cavity, and it 18
from these that the name maculosa originated.

The tail of the male is about 0-48 mm. long. The caudal
ale are slight. The sucker has a diameter of 0-15-0-2 mm.,
the cloacal

and is situated at a distance of 0-48 mm. from ;

aperture. The caudal papille are subject to considerable
variation in position and in number. Typically there are
14 pairs. Five of these are definitely pcw.tanavl, the third
from the posterior end being subventral, the others 'la.tcral.
An adanal group consists of four pairs, of which one 15 large
and lateral, the other three smaller and arranged in a triangle
on each side. The preanal series includes three pairs pf sub-
ventral papille between the cloaca and the sucker, a pair more
Jaterally placed at about the level of the anterior margin 0
the sucker, and a pair in front of the sucker. This last pair
is sometimes duplicated. The spicules are equal and measure
1-2-1-9 mm. in length. ‘

The tail of the female is conical, with a terminal spike, and
measures 1:1-1:2 mm. in length. The vulva is situated at
about the middle of the body. The eggs measure
0-09 5 0:04-0-05 mmn1.

The life-history of this
described for 4. galli.

species appears to be similar to that
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4. Ascaridia cristata (v. Linstow, 1901) Railliet and Henry,
1914. (Fig. 64.)

Synonym :—Heteralis cristata v. Linstow, 1901,

Hosts :—This species was originally recorded from a crowned
crane (Balearica regulorum) in East Africa. It has also been
recorded from the West African crowned crane (Balearica

\

Fig. 64 —Ascaridia cristata. Posterior end of male ; ventral view.
(After Baylis and Daubney.)

pavonina) and the sarus crane (Antigone antigone) in the
Zoological Gardens, Calcutta (Baylis and Daubney).

The male measures 35-38 mm. in length and 1-1-1-34 mm.
in maximum thickness, the female 38-57 mm. and 1-1-
1-76 mm. respectively. The head is 0-27-0:28 mm. in diameter.
The dorsal lip is shorter and broader than the ventro-lateral
lips. Each of the latter bears, according to v. Linstow, two
blunt teeth. The cervical alw extend back for a distance of
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1:22 mm. from the anterior end. There is a series of 27
pairs of cervical papillee, extending back from a point about
0-9 mm. from the head end for a distance of 6-6:-5 mm. The
anterior pairs are placed just dorsally to the cervical ale
and the distance between successive pairs varies from 0-15 to
0-3 mm. The wsophagus is 2:1-2:3 mm. long. The nerve-
ring is situated at 0-46 mm., and the excretory pore at about
0-7 mm., from the anterior end.

The tail of the male is short and conical. It measures about
0:62 mm. in length. There are 13 pairs of caudal papille,
of which seven are postanal and six preanal (v. Linstow
described and figured only two pairs of preanal papille). The
spicules are slender and alate, and measure 0-95 mm. in length.

The tail of the female is 0-7 mm. long. The vulva is situated
at about 20 mm. from the anterior end in specimens 38—40 mm.
in length, and is slightly salient. The eggs measure 0-085—
0:091 < 0-058-0-062 mm.

5. Ascaridia stroma (v. Linstow, 1899) Railliet and Henry,
1914. (Fig. 65.)

Synonym :—Heteralis stroma v. Linstow, 1899,

Hosts :—The host from which this species was originally
recorded was Grus paradisea. It has also been recorded from

Fig. 66.
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Fig. 656.~—~Ascaridia stroma. Posterior end of male; ventral view,
(After v. Linstow.) !
Fig. 66.—Ascaridia trilabium. Posterior end of male ; ventral view.
(Original.) Y
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the common crane (Grus grus) and the sarus crane (Antigone
antigone) in the Zoological Gardens, Calcutta {Baylis and
Daubney).

The following characters are taken from v. Linstow’s
siescnpt'lon:~The male measures 25mm. in length and 0-8 mm.
m maximmum thickness, the female 56 mm. and 1-7 mm.
respectively. Broad cervical alw are present. The cesophagus
occupies, in the male, 1/16 of the total length.

The tail of the male is 1/47 of the total length. There are
ten pairs of caudal papille, of which six are postanal, one
adanal and three preanal.

The tail of the female is 1/117 of the total length, and has
a digitiform terminal process. The eggs are exceptionally
large, measuring 0-172< 0-146 mm.

6. Ascaridia trilabium (v. Linstow, 1904) Railliet and Henry,
1914, (Fig. 66.)
Synonym :—Heterakis trilabium v. Linstow, 1004 *,

]

Host :—* Jungle crow ” (Centropus sinensis); Horana,
Ceylon.

The writer has been enabled, through the courtesy of the
Du‘cptOr of the Colombo Museum, to examine the type-
specimens of this species. These consist of one male and two
females, besides some fragments. As the writer’s measurements
and other observations differ considerably from those of
v. Linstow, it seems advisable to give a new description of the
species.

The male measures 27 mm. in length and about 0-75 mm. in
maximum thickness, the females 38-39 mm. and about
0-9 mm. respectively. The diameter of the head is about
0:2-0-25 mm. The cuticular striations are at intervals of
about 25, Wide cervical alme begin immediately behind the
lips and extend back to about the middle of the cesophageal
region, where they rather suddenly disappear. Their maximum
width, in the female, is about 0:1 mm. The sophagus is
1-95 mm. long in the male, 2-3 mm.-in the females. A pair of
stout cervical papille is situated immediately behind the
base of the lips. The nerve-ring is situated at 0-5-0-55 mm.,
and the excretory pore at 0-6-0-7 mm., from the anterior end.

* It appears possible that Ascaridia [Heterakis] circularis (v. Linstow,
1903), recorded from Centropus sinensis in Siam, may be identical with
A. trilabium, but this question cannot be determined without a re-
examination of the type:specimens of A. circularis. According fto
v. Linstow’s description this species has only eight pairs of caudal
papille in the male.
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The tail of the male is 0-5 mm. long. The sucker has a
diameter of about 0-14 mm., and is situated at about 0-25 mm.
from the cloacal aperture. There are thirteen pairs of caudal
papillz, arranged as shown in fig. 66. The spicules are equal
and measure about 2-3 mm. in length.

The tail of the female is 0-77 mm. long, and has a pair of
papille at about 0-25 mm. from the tip. The vulva is situated
at about 19 mm. from the posterior end in a specimen 39 mm.
long. The eggs measure 0-0825-0-0875 < 0-05-0-055 mm.

4. Genus STRONGYLURIS Miiller, 1894.

Lateral fields conspicuous, composed of a single row of large
cells. Lips well developed,without * cordons,” but expanded
in front and at the sides into a cuticular flange. (Hsophagus
with a relatively long pharynx, the lumen of which forms a
ventral “ kink > at its posterior end, and with a well-developed
posterior bulb. Tail of male obliquely truncate ventrally
and with a short terminal spike. Caudal alz well developed
and supported by stout, pedunculate papille, giving them the
appearance of a bursa. Spicules relatively long, equal or
subequal. No accessory piece. Uterine branches parallel.
The eggs may be segmenting before oviposition. Adult
worms in the alimentary canal of lizards and chameleons.

Genaotype :—Strongyluris brevicaudata Miiller, 1894.

Key to Species.

Paragite of chameleon .........ocevveaiinenan chamaleonis, p. 142.
Parasite of lizard (Calotes) . .....oviviiiiiinn. calotis, p. 145.

1. Strongyluris chamsleonis Baylis and Daubney, 1922.
(Figs, 67-69.)

Host :—Chamaleon chamealeon [C. wvulgaris]; Zoological
Gardens, Caleutta.

The male measures 6:3 mm. in length, the female 8-4-
8-75 mm. The maximum thickness is 0-5-0-7 mm. The cuti-
cnlar striations are exceedingly fine. There are no lateral ala.
The lateral fields are broad, and each consists of a single row
of about 70 large, granular cells with clear, rounded nuclei.
Cervical papille have not been observed, nor do the longi-
tudinal rows of small papille on the body, which oceur in
some species of the genus, appear to be present. The dia-
meter of the head is about 0-06 mm. The cesophagus is
about 1-1 mm. long (including the bulb) in the male, 1:45 mm.
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in the female. Of this length the pharynx occupies 0-18-
0-22 mm., while the bulb, which is almost spherical, measures
0-2-0-25 mm. in diameter. The nerve-ring is situated at
0-37-0-39 mm., and the excretory pore at 0-6-0-85 mm.,,
from the anterior end.

The tail of the male is about 0-13 mm. long, including
a terminal spike measuring 0°06 mm. The caudal ale form
an almost circular bursa-like expangion. The sucker has
a diameter of 0-09 mm., and its aperture is directed somewhat

Fig. 67.—Strongyluris chamaleonis, Anterior end‘ of female ; latortfl
view. d.l., dorsal lip; n.r., nervering; ph.,, pharynx.
(After Baylis and Daubney.)

posteriorly.  Phere are apparently nine pairs of caudal
papille, of which seven project more or less laterally into the
ale, while two are situated ventrally behind t.hg cloac.al
aperture. The spicules are 1-1 mm, long and 0:0275 mm. in
maximum thickness, are covered with rather coarse graquln-
tions, and taper gradually from their roots to slender points.



144 HETERAKIDA,

The tail of the female is conical and measures 0-3 mm.
in length, and bears a pair of small papille at 0-14 mm. from
the tip. The vulva is situated at 3-3-3 mm. from the posterior
end. The vagina is long and narrow, and pursues a rather
tortuous course, the general direction of which is posterior
from the vulva. The branches of the uterus are parallel,
running at first posteriorly to within a short distance of the

Fig. 68.—Strongyluris chamsleonis. Posterior end of male; lateral view.
(After Baylis and Daubney.)

anus, then returning towards the anterior end. The coils
of the ovaries are situated in the anterior half of the body.
The eggs are oval, with a thick shell, slightly flattened exter-
nally and thickened internally at each pole. They measure
about 0:0875 < 0-055 mm., and their contents are unsegmented
at the time of laying.
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- . 3
Fig. 69.—Strongyluris chameleonis. Posterior end of male; ventral viow.
(After Baylis and Daubney.)

2. Str_:_);lgyluris calotis Baylis and Daubney, 1923. (Figs. 70 &
)

Host :—Calotes nigrilabris (rectum) ; Pattipola, Ceylon.

The male measures 8:9-11-1 mm. in length and 0-4-0-5 mm.
in maximum thickness, the female 11-13:65 mm. and 0:55—
0:75 mm. respectively. The diameter of the head is 0:06-
0-08 mm. Each lip has broad lateral cuticular expansions
and a further cuticular flange projecting anteriorly. The dors§ml
lip carries two large marginal papille, cach ventro-lateral lip
one papilla, sitnated further from the margin and towards
the ventral side. The neck is wider than the head, forming
a “shoulder” behind the base of the lips. A second “shoulder”
is formed a little further back by the commencement of a cuti-
cular inflation which covers part of the pharyngeal and ceso-
phageal regions. The cuticular striations are extremely fine.
No cervical papille were observed, nor any rows of papilla
on the body. The msophagus, including the bulb, is 1:75-
2.95 mm. long. Of this length the pharynx oceupies about
0-26-0-3 mm. The bulb measures 0-25-0-3 mm. in leng‘th
and 0-28-0-35 mm. in width. The intestine is very wide for
a shortdistance from its junction with the cesophagus, and then
becomes very narrow until a short distance before the rectum,
where it widens out again into an expanded bulb. The nerve:

NEM. L
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ring is situated at 0-5-0-55 mm., and the excretory pore at
1:1-1:45 mm., from the anterior end.

The tail, in both sexes, has a minute terminal spike. In
the male the tail measures 0-1-0-12 mm. in length. The caudal
end is so abruptly truncate as to appear cut off almost at right
angles to the longitudinal axis of the body. The sucker and

Fig. 70.

Fig. 70.—Strongyluris calotis. Anterior end of female ; dorsal view.
(After Baylis and Daubney,) )

Fig. T1.—Strongyluris calotis. Posterior end of male ; ventral view,
(After Baylis and Daubney. )

the cloaca thus open almost posteriorly, The sucker is
relatively very deep, measuring 0-12-0:16 mm. in depth and
0-14-0-17 mm. in width. There are ten pairs of caudal
papill:t-, seven of which are postanal. The spicules are
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subequal, 0:75-0-8 mm. in length, the left being slightly
longer than the right. .

The tail of the female is very short (0-2-0-25 mm.), and 13
bluntly rounded behind, with the exception of the little
terminal spike. There is a pair of papille at 0-05 mm. from
t._he tip. The vulva is a transverse slit with rather prominent
hps,. situated at 4:7-5:65 mm. from the posterior end. The
vagina runs forward for a short distance from the aperture,
and then turns back upon itself to run posteriorly. The
eggs are oblong-oval and measure 0-0875-0-0975 % 0-05—
0:0525 mm. When ready for laying they contain an embryo.
which is just beginning to elongate.

5. Genus SPINICAUDA Travassos, 1920.
Synonym :—=Sonsinia Baylis and Daubney, 1022,

Lateral fields conspicuous, composed of single rows of large
cells. Lips subtriangular, expanded anteriorly and ]ntera}ly
as in Strongyluris, without *‘ cordons.” (Esophagus \s.'lt-h
a short pharynx and a posterior bulb. Tail of male tapering,
without alw. Papille small and sessile. Spicules short,
subequal. An accessory piece present. Uterine branches
parallel. Eggs with thick, sometimes rugose shells. Adult
worms in the alimentary canal of lizards and chameleons.

Genotype —Spinicauda spinicauda (Olfers, in Rudolphi,
1819).

1. Spinicauda cophotis Baylis, 1935. (Fig. 72.)

Hosts :—Cophotis  ceylanica and Lyriocephalus sculatus
(Agamid lizards) ; Gammaduwa, Ceylon. %

The male measures 6:4-8 mm. in length and 0-25-0-34 mm.
in maximum thickness, the female 7-3-9 mm. and 0-24—
0-37 mm. respectively (the last measurement excluding
the vulvar prominence). The cuticle is very finely striated,
and the lateral ale are very narrow. The diameter of the
head, at the base of the lips, is about 0-056-0-068 mm. The
cesophagus, measured from the anterior extremity and in-
cluding the posterior bulb, is about 0-9-1 mm. long in the
male and 1-1:16 mm. in the female. At its anterior end there
ijs a pharynx measuring about 0-07-0-08 mm. in length.
The diameter of the bulb is 0-15-0-17 mm. in the male and
0-19-0-21 mm. in the female. The nerve-ring, in both sexes,
is situated at about 0-3-0-36 mm., and the excretory pore at
0-5-0-57 mm., from the anterior extremity. j

The caudal end of the male is curved ventrally. The .tml
is 0-20-0-38 mm. long, and tapers rapidly to a fine pon_lt.
The lips of the cloacal aperture are very prominent, the posterior
lip forming a large hemispherical swelling. The) greatest

L Z
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ountside diameter of the chitinoid ring of the preanal sucker
is about 0-06-0-07 mm. There appear to be about sixteen
pairs of caudal papille, but some of them are very minute,
and it is possible that the actual number may be greater.
Five pairs are postanal, two of them being subdorsally
situated. Of the preanal papillz, one pair with very prominent,
bristle-like terminations is situated on the anterior cloacal
lip. Three pairs of relatively large and two pairs of small
papille are more or less lateral, the remainder subventral.
In front of the sucker there is a series of five (?) pairs of extremely
small papill. The spicules measure 0-64-0-81 mm. in length.

Fig. 72.—Spinicauda cophotis. Posterior end of male ; lptcrnl _viow.
a., thickening representing accessory piece ; 8. right spicule ;
su., sucker. (After Baylis.)

They have a tessellated structure and are of the form found
in other members of the genus, with the expanded root bent
at an obtuse n.ng]c towards the ventral surface. There appear
to be thickenings of both the dorsal and ventral walls of the
cloaca. The former. which probably represents an aCCessory

iece, but is apparently not chitinized, is about 0-2 mm. long.
The latter appears to be partially chitinized and is of an
irregular shape.

The tail of the female is about 0-4-0-55 mm. long, and bears
a pair of small papille at about 0:1 mm. from the tip. The
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vulva is situated at 3-3-5 mm. from the anterior end of the
body, and is very conspicuous on account of the presence of
a large, overhanging anterior lip and of a sudden constriction
of the body immediately behind it. The vagina runs at first
dorsally or even slightly forward from the vulva, then bends
upon itself at right angles and runs posteriorly. The eggs
measure 0-07-0-074 < 0-044-0-046 mm.

The immature specimens of Spinicauda recorded by Baylis
and Daubney (1923) from (?) Lyriocephalus sculatus very
possibly belonged to this species.

6. Genus AFRICANA Travassos, 1920.

Lips well developed, without ** cordons,” expanded anteriorly
and laterally into cuticular flanges. (Esophagus with a
pharynx and a bulb. Tail of male straight and conical.
Caudal ale somewhat reduced, barely extending beyond the
cloaca. Papille sessile and mostly small. Spicules long and
slender, equal or unequal. No accessory piece. Uterine
branches apparently opposed. Eggs with thick shells. Adult
worms in the alimentary canal of lizards and chameleons.

Genotype :—Africana africana (Gendre, 1909).

1. Africana varani Maplestone, 1931. (Fig. 73.)
Host :—Bengal monitor (Varanus bengalensis) ; Zoological
Gardens, Caleutta.

Fig. 73.—Africana varani. Posterior end of male ; ventral view.
(After Mapleatone.)
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The male measures about 4 mm. in length and 0-192 mm. in
maximum thickness, the female about 6 mm. and 0-35 mm.
respectively. Lateral ale are present, measuring (in the male)
about 0:016 mm. in width. The cesophagus, including the
bulb, is 0-83 mm. long in the male and 1-01 mm. in the female.
The cervical papille are situated at 0-43 mm. (in the female),
and the excretory pore at about 0-49 mm. (in the male), from
the anterior end.

The posterior end of the male shows a fusiform swelling
which reaches its greatest width at about the level of the sucker.
There are 13 pairs of caudal papille and a small median
papilla in front of the sucker.. The spicules are equal and
measure about 0-34 mm. in length. The proximal half of the
spicules is relatively stout, the distal half slender and filiform.

The tail of the female is sharply pointed and measures
0-376 mm. in Jength. The vulva is situated at 2:7 mm. from
the anterior end of the body, and the vagina runs posteriorly
from it. The eggs are oval and measure 0-068-0-072x
0-036-0-041 mm.

Subfamily SUBULURINA Travassos, 1914.

Lips much reduced or absent. A cylindrical buccal capsule
present. (Esophagus usually without distinet pharyngeal
portion, but with a posterior bulb. Preanal sucker of male
antero-posteriorly elongated, fusiform or elliptical, usually
without chitinoid border. Vulva usually at about the middle
of the body, occasionally posterior. Eggs usually contain
embryos when laid.

1. Genus SUBULURA Molin, 1860.

Synonym :—Allodapa Diesing, 1861 ; Latibuccana Patwardhan,
35.

Lips rarely apparent. Mouth usually oval or hgxagnnal,
with its long axis dorso-ventral. Buccal capsule with three
teeth at its base. Lateral cervical ale frequently pl'?SPRIt‘.
Tail of male with more or less well-developed ala. Caudal
papille sessile, usually eleven pairs or fewer. Sl'ncnles equal
or unequal, slender and alate. An accessory piece present,
Preanal sucker fusiform. ¥ggs subglobular, llﬁllﬂ'”‘\" con-
taining embryos when laid. Adult worms in the alimentary
canal of mammalg and birds.

Genotype —Subulura acutissima Molin, 1860.



~_ Spicules over 1 mm. long
- 2. Spicules 11 mm. long; caudal papille of
: male ten pairs ........
- Spicules about 2 mm. long
. of male 15 pairs . .
- 3. Paragite of squirrels
Parasite of slender loris

-y,
1. Subulura andersoni (Cobbold, 1876) Railliet and Henry,
1914. (Fig. 74.) 4
Synonyms :—Ascaris andersoni Cobbold, 1876; Latibuccana i |
Junambulensis Patwardhan, 1935. .
: s (Cob-
Hosts :—Sciurus sp. (cscum), North-eastern India (Cob-
bold) ; squirrel (csecum and intestine), Kanthalai, India

Fig. 74 —Subulura andersoni. A, anterior end. ventral view ;.
B, posterior end of male, ventral view. (After Thwaite.)

' (Thwaite) ; Funambulus pennanti (intestine), Nagpur, Cent
i”ro‘:::loea); (Patwardhan).

R rding to Cobbold’s original description, the ma
eﬁi?;es up to } in. (about l2-g5mmm.) in length, the female.
in. (about 19 mm.), and the maximum thickness is 1 mm
e tail of the male has a “ minute oval-shaped s
ip. spicules are long, arcuate and sligh

iity.  The tail of the femalg‘_
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spine ‘* continuous and scarcely distinet.” The eggs are
nearly spherical and measure 1/500-1/400 in. (or about
0-:05-0:063 mm.) in diameter.

Thwaite (1927) has given a much fuller account of a species
which he regards as probably identical with Cobbold’s. In
this form the male measures 13-5-14-9 mm. in length and
0-36-0-43 mm. in maximum thickness, the female 15-9-
23:-1 mm. and 0-4-0-53 mm. respectively. In both sexes
the anterior end is curved in the form of a hook. The cuticle
has fine transverse striations. Cervical ale extend from the
anterior end for a distance of about 0:9 mm. (in the male),
and have a maximum width of about 0-075 mm. The aperture
of the mouth is fusiform. The buceal capsule is 0-057-0-07 mm.
long, and has a dorsal and two subventral teeth at its base.
There is a distinet pharynx, which is somewhat thicker than
the anterior part of the cesophagus proper. The latter has
a club-shaped swelling posteriorly, joined by a narrow neck
to the bulb, which measures 0-24-0-287 mm. in length and
0-207-0-276 mm. in width. The total length of the wsophagus,
including the pharynx and the bulb, is 1:68-2:4 mm. Cervical
papille were not observed. The exeretory pore is situated
at about 0:46-0-56 mm. from the anterior end, and the nerve-
ring somewhat in front of the excretory pore.

The posterior end of the male is curled. The tail measures
0-25-0-3 mm. in length, including a short terminal spike.
The sucker is about 0-115 mm. long, and is situated at a dis-
tance of 0:5-0-62 mm. from the cloacal aperture. There are
ten pairs of caudal papille (fig. 74, B). The spicules are equal
or subequal, and measure from (-85 mm. to just over 1 mm.
in length. They are provided with alm. The accessory
piece is 0:155-0-1756 mm. long.

The tail of the female measures up to 1-13 mm. in length,
and has a terminal spike. The vulva is situated at 6-5-8 mm.
from the anterior end. The vagina at first runs forward from
it for a short distance and then turns posteriorly. In the
gravid female the uterine branches extend from the bulb
of the msophagus to the posterior end of the body. The
eggs measure about 0:0780:06 mm., and contain embryos
when laid,

The form described under the name of Latibuccana funambu-
lensis by Patwardhan (1935) seems to be almost certainly
identical with that described by Thwaite, although the Rll.(.‘kel‘,
the anterior pair of preanal papille and three other pairs of
papille in the male appear to have been overlooked.
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& SI;I())I;TI‘G. sarasinorum (Meyer, 1896) Railliet and Henry,

Synonym :—Filaria sarasinorum Meyer, 1896.

Host :—Slender loris (Loris [Stenops) lydekkerianus [Loris
gracilis]) (intestine), Ceylon (Meyer) ; Zoological Gardens,
Calecutta (Baylis and Daubney). Z =
I _:Ac;cgrding to Meyer's d'cso.ripi ion. the male measures
7-5-8:5 mm. in length and 0-45-0-52 mm. in maximum thick-
ness, t‘hc.femulc 10-11-25 mm. and 0-57-0-7 mm. respectively.
The Ce!’\'l(‘&.l] ale extend for 1/6 of the total length, or to about
;‘he posterior end of the wsophagus. The latter is l-4 mm.
ong.

The tail of the male is straight, rapidly tapering and finely
pointcd. and measures 0:25 mm. in ]cﬁgth. There are ten
pairs of caudal papille, of which four are preanal and sixX
postanal. The spicules measure 2-5 mm. in length and
0-016 mm. in width.

The tail of the female tapers more gradually than that of
the male, but is also finely pointed. It measures 0-75 mm. in
length. The vulva is situated at about the middle of the body
The eggs are oval and measure 0-081 X 0-065 mm.

(Fig. 75.)

3. Subulura galloperdicis Baylis and Daubney, 1922.
(intestine) >

Host -—Red spur-fowl (Galloperdiz spadicea)
Zoological Gardens, Caloutta. :

The male measures 9:5-10 mm. in length and (-3 mm. In
maximum thickness, the female 11-5-12-5 mm. and about
0-4 mm. respectively. The diameter of the head is about
0-08 mm. There are narrow cervical ale which extend for
a distance of about 1 mm. from the anterior end. The bucecal
capsule is 0-06 mm. long. Its width expands from 0-023 mm,
anteriorly to 0-031 mm. at the posterior end. The height
of the three teeth at its base is about 0-013 mm. The @s0-
phagus is 1-7 mm. long, including the bulb, which is nearl_\’.
spherical and has a diameter of 0-2 mm. There is a pre-
bulbar swelling 0-14 mm. thick. The nerve-ring is situated at
0-27 mm., and the excretory pore at 0-45 mm., from the

anterior end.

The tail of the male is 0-21 mm. long, and has a slender

terminal spike. The sucker is spindle-shnped and is situat

at about 0-65 mm. from the cloacal aperture. There are¢
eleven pairs of caudal papille, four of which are preanal,
two adanal and five postanal. The two pairs of adana
situated on the anterior lip of the cloaca, one

the other. The spicules are equal and mcaerl‘l}:e
e

papille are

laterally to :
0-76-0-8 mm. in length and about 0:02 mm. in width.
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eylindrical axis of the spicule measures about 0:011 mm. in
diameter. The edges of the two ale with which each spicule
is provided are finely serrated. The accessory piece is slender
and curved. It measures about 0-18 mm. in length and has
a spur at about 0-06 mm. from its anterior end.

Fig. 75.—Subulura galloperdicis. Posterior end of male ; lateral view.
a.p., accessory piece. (After Baylis and Daubney.)

The tail of the female is 1-1 mm. long. The vulva is situated
in the anterior half of the body, dividing the total length in
the ratio of 3:4. The eggs measure 0-065x<0:035 mm.,
and contain fully-formed embryos when laid.

4. Subulura turnieis Maplestone, 1931. (Fig. 76.)

Hosts :—Little quail (7urnix dussumicri) (intestine) (Maple-
stone) : button-quail (7wrniz sp.) (Baylis and Daubney) ;
Zoological Gardens, Calcutta.

According to Maplestone’s description, the male of this
species measures 13 mm. in length and 0-42 mm. in maximum
thickness, the female 175 mm. and (-42 mm. respectively.
The cervical ale are about 0°8-1 mm. in length. The mouth
is surrounded by six lips, each of swhich bears a papilla,
The buccal capsule is 0-056 mm. long and 0-032mm. in width,
and has three broad teeth at its base. The cesophagus is
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about 1-1-2 mm. long, including the bulb, which has a
diameter of 0-17-0-18 mm. g

The tail of the male is 0-22 mm. long. The sucker is oval
and has a length of about 0-12 mm. It is situated at a distance
of about 0-36 mm. from the cloacal aperture. Narrow caudal
ale extend from a little in front of the cloaca to the posterior
end. There are twelve pairs of caudal papille, of which five

Fig 76.—Subulura turnicis. Posterior end of male ; ventral view.
4 (After Maplestone.)

r . . f

. anal and seven postanal. The most anterior pair O
;;opill)lg is just in front (E)f the sucker. The spicules are equs}l
and measure 0-84 mm. in length. The accessory piece

- . long.

¢ l'I%hElz;il of %he female is 0-5 mm. long, and narrows suddgng,;
near the tip to form a fine terminal spike. There is & .pmrted
papill at about 0:13 mm. from the tip. The vulva is SmmThe
at about 7-8 mm. from the anterior end of the body.
eggs measure 0-068-0-074.< 0-056 mm.
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eylindrical axis of the spicule measures about 0:011 mm. in
diameter. The edges of the two ale with which each spicule
is provided are finely serrated. The accessory piece is slender
and curved. Tt measures about (-18 mm. in length and has
a spur at about 0-06 mm. from its anterior end.

Fig. 75.—Subulura galloperdicis. Posterior end of male ; lateral view.
a.p., accessory piece. (After Baylis and Daubney.)

The tail of the female is 11 mm. long. The vulya is situated
in the anterior half of the body, dividing the total length in
the ratio of 3:4. The eggs measure 0-065x0:035 mm.,
and contain fully-formed embryos when laid.

4. Subulura turnicis Maplestone, 1931. (Fig. 76.)

Hosts :—Little quail (7urniz dussumieri) (intestine) (Maple-
stone) ;  button-quail (Turniz sp.) (Baylis and Daubney) ;
Zoological Gardens, Calcutta.

According to Maplestone’s description, the male of this
species measures 13 mm. in length and 0-42 mm. in maximum
thickness, the female 17-5 mm. and (-42 mm. respectively.
The cervical ale are about 0°8-1 mm. in length. The mouth
is surrounded by six lips, each of which bears a papilla.
The buccal capsule is 0-:056 mm. long and 0-032mm. in width,
and has three broad teeth at its base. The wsophagus is
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about 1-1-2 mm. long, including the bulb, which has a
diameter of 0-17-0-18 mm.

The tail of the male is 0-22 mm. long. The sucker is oval
and has a length of about 0-12 mm. It is situated at a distance
of about 0-36 mm. from the cloacal aperture. Narrow caudal
ale extend from a little in front of the cloaca to the posterior
end. There are twelve pairs of caudal papille, of which five

Fig. 76.—Subulura turnicis, Posterior end of male ; ventral view,
(After Maplestone.)

are preanal and seven postanal. The most anterior pair of
papille is just in front of the sucker. The spicules are equal
and measure 0-84¢ mm. in length. The accessory piece 18
0-14 mm. long.

The tail of the female is 0-5 mm. long, and narrows suddenly
near the tip to form a fine terminal spike. There is a .pnir of
papilla at about 0-13 mm. from the tip. The vulva is situated
at about 7-8 mm. from the anterior end of the body. The
eggs measure (:068-0-074 < 0-056 mm.
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Maplestone regards the specimens recorded by Baylis and
Daubney (1922), and referred by them to Subwlura sp.,
as probably of this species. These were two females, one of
which was damaged. They appear to have been rather smaller
than Maplestone’s examples, the complete specimen being
only 14 mm. long. The buccal capsule measured only
0:035 mm. in length and 0:02 mm. in width. The eggs,
however, were longer than in Maplestone’s material, measuring
0:085<0:056 mm. Some of them contained fully-formed
embryos.

O. Subulura multipapillata (Chandler, 1926). (Figs. 77 & 78).
Synonym :—Alodapa multipapillate Chandler, 1926,

Host :—Red-crested wood-quail (Rollulus rouloul) (ceca

and large intestine) : Zoological Gardens, Calcutta (Chandler,

Maplestone).
Fig. 78.

OO
@ 5

Fig. 77.—Subulura multipapillata. Head. (After Chandler.)
Fig. 78.—~8Subulura multipapillata. Posterior end of male; ventral
view. (After Maplestone.)

The male measures 6-7 mm. in length and 0-26-0-28 mm.
in maximum thickness, the female 8-10 mm. ﬂnq about,
0-35 mm. respectively. The diameter of the head is 0-07-
0075 mm. Short and narrow cervical ale are present,
The buccal capsule consists of two portions, the anterior
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portion being narrow and cylindrical, with very thick walls,
the posterior porfion wider and subglobular. The latter
contains three teeth, 0-015-0-016 mm. long, at its base.
The length of the buccal capsule is 0:056 mm., its width
0-022 mm. anteriorly and 0-032 mm. posteriorly. The
esophagus measures 1-12-1-25 mm. in length, including the
bulb, which is 0-2-0-24 mm. long and 0-2-0-25 mm. wide.
Th[;: nerve-ring is situated at about 0:26 mm. from the anterior
end.
The tail of the male is 0-23 mm. long. The sucker is situated
at a distance of about 0-43 mm. from the cloacal aperture.
The caudal al®, according to Maplestone (1931), are composed of
two portions separated by a gap, one portion being situated in
the cloacal region, the other towards the tip of the tail. There
are 15 pairs of caudal papillee, of which seven are postanal.
The most anterior pair of papille is well in front of the sucker.
Two pairs of papille project laterally into the two portions
of the al®, one being near the cloaca, the other the third pair
from the posterior end. The spicules are equal and tubular,
and measure about 0-78 mm. in length and 0-022 mm. in width.
The accessory piece, according to Chandler, is apparently
in two parts, a narrow stout chitinous piece dorsal to .the
tips of the spicules, about 145 u long, and a thin flat piece
ventral to the tips of the spicules, about 170  long.”

The tail of the female, according to Chandler, is about 2m}n.
long, *“ the anterior half of it tapering very little, the posterior
fourth tapering very rapidly.” The vulva is inconspicuous,
and is situated in front of the middle of the body, dividing
the total length in the ratio of about 3:5. The eggs measure
0-056-0-063 % 0:034-0-042 mm., and contain fully-formed

embryos when laid.
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3. Family KATHLANITDA Travassos, 1918,
emend.

Medium-sized or small parasitic forms. Musculature of
the body usually of the meromyarian type. Lipswelldeveloped,
entire or subdivided. (Esophagus preceded either by a
chitinoid buccal capsule or by a muscular pharynx with a
cuticular lining, unarmed or containing tooth-like structures.
At the posterior end of the esophagus there is a prebulbar
swelling and also a large muscular bulb, separated from the
former by a rather narrow “ neck,” the two swellings and
the neck together giving the appearance of a dumb-bell-
shaped or flask-shaped bulb. Tail of male without ala.
The ventral muscles in the preanal region of the male are
frequently aggregated to form one or more fusiform sucker-
like organs without chitinoid border. Spicules two, equal or
subequal, usually falciform and broadly alate. An accessory
piece usually present. Vulva at about the middle of the body
or somewhat behind it. Uterine branches generally opposed.
The worms may be oviparous or viviparous.

Key to Genera.

Lips simple or bilobed . ..... ... .00 o0 1.
Lips divided into several lobes, or domplex. 4.
1. Pharynx containing three longitudinal
series of teeth . o ois o i dan sd LR Cruzia, p. 179.
Pharynx without teeth. ................. 2.
2. Pharynx with an anterior non-muscular

st AnEr el s o Aot nAlg PROBSTMAYRIA, p. 182.
Pharynx without anterior non-muscular
POXtION  iuivviuviansassosssaiosonnins 3.
3. Oral cavity surrounded by a continuous
SRt TN s aors S55a s als o Syl s alelat SPIRONOURA, p- 163.
Oral cavity with three separate double
horseshoe.shaped supports at its angles. . ZANCLOFHORUS, p. 174.

4. Dorsal lip trident-shaped ; ventro-lateral
lips armed with groups of lancet.like

L oL B R B S S N Tt W O CrssoPHYLLUS, p. 181
Each lip divided into five or more lobes .. 5.
5. Spicules of male relatively short.......... KATHLANIA, p. 158,

Spicules of male about as long as the body.. ToONAUDIA, P- 162.

1. Genus KATHLANIA Lane, 1914.

Synonyms :—Pseudoleterakis Travassos, 1017 ; Oxysoma Schneider,
1866 (part).

Head separated from body by a slight constriction. Lateral
alw present. Each lip is subdivided into a large main lobe
and several smaller accessory lobes. In the mid-ventral
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osition there is an additional unpaired lobe or interlabium.
The two lateral and four submedian cephalic papille are
situated on certain of the accessory lobes of the lips, while
each main lobe has a pair of very small papillze on its inner
surface. A buccal capsule present, triangular in section and
with three tooth-like structures at its entrance. The tail
of the male ends in a long spike. A muscular preanal sucker-
like organ present. Caudal papille sessile. Spicules sub-
equal, broadly alate. A large Y-shaped accessory piece
present. Vulva behind the middle of the body. The anterior
uterine branch turns to run posteriorly parallel with the other.
Eggs with thin, finely striated shells, containing embryos
when laid. Adult worms in the alimentary canal of marine
turtles and fishes.

Genotype :—Kathlania leptura (Rud., 1819).

Key to Species.

Paragite: of burtle .=« « i s aitesiaaie s siaieaiete leptura, p. 1569.
Parasite of Elasmobranch fish .............. chiloseyliii, p. 160.

|. Kathlania leptura (Rud., 1819) Travassos, 1918.

Synonyms :—Ascaris leptura Rudolphi, 1819 ; Ozysoma lepturunt
Schneider, 1866; Kathlania kathlena Lone, 1914; Pseudo-
heterakis leptura Travassos, 1917,

Host :—Green turtle (Chelonia mydas) (intestine) ; recorded
from Ceylon (Lane), as well as other parts of the world.

The following description is taken from Lane’s (1914, b)
account. The male measures about 13 mm. in length and
0-6 mm. in maximum thickness, the female about 15 mm. and
0-7 mm. respectively. The  head ” is about 0-08-0-1 mm.
long and 0-17-0-21 mm. wide at its base. The transverse
striations of the cuticle are at intervals of about 2 u. The
lateral ale begin at 0:55-0-65 mm. from the anterior end,
and measure 0:01-0-025 mm. in width. Each of the lips is
divided into a main lobe and four accessory lobes. Of the
three tooth-like structures at the entrance to the buccal
capsule, the dorsal is broad and low, the two subventral more
prominent and triangular. The total length of the cesophagus
is about 567 mm., the buccal capsule measuring 1-6 mm.,
the cylindrical portion of the wsophagus 3:75 mm., the pre-
bulbar swelling 0:12 mm. and the bulb 0-2 mm. The nerve-
ring is situated at 0-6 mm_, and the cervical papille at 4 mm.,
from the anterior end.

The tail of the male is 2 mm. long. The sucker measures
0-4 mm. in length and is situated at a distance of 1 mm.
from the cloacal aperture. There are eleven pairs of caudal
papille and one unpaired papilla, which lies in front of the
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cloacal opening. The three most posterior papille on each side
form a group of which the first and second may coalesce to
form a double papilla, and are subventral. The fourth and
fifth are lateral and smaller. The next three are preanal,
subventral and situated close together. The three anterior
preanal papille are larger and more prominent. One lies
at the level of the sucker, the other two between the sucker
and the cloaca. The spicules are about 0-55 mm. long and
have a maximum width of about 0-06 mm. Lane describes
them as having “ their more solid portions arranged in such
a manner as to give the impression, at first sight, of there
being two spicules on each side, one dovetailed into the other.”
The accessory piece is massive and measures 0-35 mm. in length.
Its bifurcated portion occupies about half its length.

The tail of the female is 45 mm. long, and bears a pair of
papille at 0-5 mm. from the anus. Immediately behind the
vulva the cuticle of the ventral surface is raised into a series
of transverse ridges, of which there are from seven to fifteen.
These ridges form, according to Lane, ““ a ladder-like patch
0-1 mm. wide and from 0-07 to 0:18 mm. long.” The vagina is
1-1-75 mm. long, and may be somewhat dilated just before
giving off the two uterine branches. The anterior of these
turns posteriorly after a course of about 1 mm. The eggs
measure 0:093<0-045 mm.

2. Kathlania chiloseyllii Thwaite, 1927. (Figs. 79 & 80.)

Host —A dogfish (Chiloscyllium indicum); Ceylon Pearl
Banks.

The male measures 8:3-10 mm. in length and 0:4-0-46 mm.
in maximum thickness, the female 10-12-6 mm. and 0-43-
0-5 mm. respectively. The cuticular striations are very fine.
The lateral ale begin at about 0-65 mm. from the anterior end,
and end in the male just in front of the sucker, and in the
female at about the level of the vulva, The * head ™ is about
0-055-0-07 mm. long and 0-13-0-16 mm. in width. Each
of the lips consists of a main lobe and a variable number of
accessory lobes. According to Thwaite, the number of accessory
lobes between two of the main lobes may vary between six
and nine. The teeth in the buccal cavity are roughly pentagonal
in outline. The total length of the mséphugus is 2:15-2-92 mm.
The buccal capsule is thick-walled and triangular in section.
Its length is about 0-07-0-11 mm. The hulb measures about
0-23%0-3 mm. The cervical papille are situated at about
1-78 mm. from the anterior end.

The tail of the male measures 1:25-1-5 mm. in length. The
sucker is oval and measures 0-2 mm. in length and about
0-1 mm. in depth. It is situated at a distance of about
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0-35 mm. from the cloacal aperture. There are eleven pairs
of caudal papille, of which six are preanal and five postanal.
The spicules measure 2-2:6 mm. in length and are relatively
slender and sharply pointed.

The tail of the female is 2:77-2:95 mm. long. The vulva is
situated at 4-58-5-7 mm. from the posterior end. ** From this

Fig. 80.

Fig. 79.

L

Fig. 79.—Kathlania chiloscyllii. Anterior end; dorsal view. (After

Thwaite.)
Fig. 80.—Kathlania chiloscyllis. Posterior end of male; ventral view.
(After Thwaite.)

point the vagina proceeds backwards for a short distance,
then curves round and passes forwards where it divides into
two uteri at a point 2:13 mm. from its commencement.” The
eggs measure ﬂbout O'OSXO'O*”) mm., ﬂnd Contﬂin embryOS

when laid.

NEM.
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2. Genus TONAUDIA Travassos, 1919.

Head separated from body by a well-marked constriction,
the posterior margin of the head forming a sharp angle.
Lateral ale present. Lips and buccal capsule as in Kathlania.
Tail of male ends in a long spike, which is directed dorsally.
A muscular preanal sucker-like organ present. Spicules
extremely long and slender, reaching anteriorly to the middle
of the msophagus when not extruded, and with narrow alze.
A Y-shaped accessory piece present, not strongly chitinized.
Vulva slightly behind the middle of the body. Vagina very
long and coiled. Female organs in other respects as in
Kathlania. Adult worms in alimentary canal of marine
turtle.

uenotype —Tonaudia tonaudia (Lane, 1914).

1. Tonaudia tonaudia (Lane, 1914) Travassos, 1919. (Fig. 81.)
Synonym :—Kathlania tonaudia Lane, 1914.

Host :—Green turtle (Chelonia mydas) (intestine) ; Ceylon.

The male measures 11-5 mm. in length and 0-6 mm. in
maximum thickness, the female 15 mm. and 0:65 mm. respect-
ively. The head is 0-08 mm. long and 0-2 mm. wide at its base.
The cuticular striations are 2 p apart. The lateral ale begin
at 0:5-0-7 mm. from the anterior end, and have a maximum
width of 0-025 mm. The oral cavity contains three teeth,
of similar shape, at its base. The total length of the cesophagus
is about 4 mm., the buccal capsule measuring 0-11 mm.,
the prebulbar swelling 0-2 mm. and the bulb 0-3-0-35 mm.
The nerve-ring is situated at 0-5 mm., and the cervical papillae
at 2-5 mm., from the anterior end.

The tail of the male is 1-5 mm. long and curves at first
ventrally, then sharply dorsally. The sucker measures 0-22 mm.
in length and is situated at 0-5 mm. from the cloacal aperture.
There are eight pairs of caudal papille and a large, median
preanal papilla. The sixth and seventh papillze from the pos-
terior end on each side may coalesce to form a double papilla.
The spicules are extremely long and slender, measuring
12 mm. in length and 0-03 mm. in width. They are provided
with al® except for a distance of 0:11 mm. from the tip. T}_m
accessory piece ig thin and delicate and measures 0-25 mm. in
length. \

The tail of the female is 2:5 mm. long, and bears a pair of

apille at 0:6 mm. from the anus. The vulva is snt-ua?od at
about 1 mm. behind the middle of the body. Its anterior lip
is somewhat prominent. The vagina is long and coiled,
measuring 8 mm. in length. The eggs measure 0-1.< 0:045 mm.



Fig. 81.—Tonaudia tonawdia. Male ; lateral view.
(After Lane.)

3. Genus SPIRONOURA Leidy, 1856. e

nyms i—Spirura Diesing, 1861, nec Blanchard, 1849 ; Fal- '

Sy:&m Lane, 1915 on:fmm Travassos, 1919, #

~ Head frequently wider than neck, occasionally not distinct.

‘Lateral fields wide. Lateral alw absent. Lips entire or

bilobed, each bearing two outer and two inner papille. The

pulp ofeaoh oﬂoﬂsﬁpﬂla sends a branch to the corresponding
papilla. oavxty supported by a continuous cuti-

both sexes ta

ring. A muscular pharynx present, with narrow lum
of cau palrs
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muscles of male sometimes aggregated into one or several
fan-shaped sucker-like organs. Spicules equal, relatively
short, sickle-shaped, usually broadly alate. An accessory
piece usually present, sometimes imperfectly chitinized or
absent. Vulva towards the posterior third of the body.
Eggs usually large, thick-shelled, oval, laid at various stages
of development, according to species. Adult worms in the
intestine of reptiles, batrachians and freshwater fishes.
Genotype :—Spironoura gracile Leidy, 1856.

Key to Species.

Preanal sucker-like organ present .........- 1.
Preanal sucker-like organ absent . ......... 2.

QSR arnaite’ of Al S G w s S T barbi, p. 165.
Parasite of freshwater tortoise . ..........s onama, p. 173.

1w

- Spicules of male more than 0:-5 mm. long ... 3.
Spicules of male not more than (-5 mm. long. . 4.
3. Spicules about 1 mm. long; msophagus con-

siderably more than 2 mm. 1ong ..o cvnvn oo leptocephala, p, 187,
Spicules about 0-8 mm. long; wmsophagus T
About 2 mm, IONg . ...uvveuerrressnnnsns testudinis, p. 164.
4. Caudal papill= of male 16 to 18 pairs  ...... stewarti, p. 171.
Caudal papille of male ten pairs .........-- .
5. Parasite of freshwater tortoises ............ falcata, p. 168,
Parasite of frog & . 70 L A brevispiculata,p. 170.

1. Spironoura testudinis (Baylis and Daubney, 1922) Yorke
and Maplestone, 1926. (Fig. 82.)

Synonym :—Falcaustra testudinis Baylis and Daubney, 1922.

Host :—Testudo elongata ; Assam (Tura, foot of Garo Hills).

The male measures 10-2-10-4 mm. in length and 0:6 mm.
in maximum thickness, the female 9:2-11-5 mm. and 0-6-
0-75 mm. respectively. The diameter of the head is 0:15-
0-16 mm. This is followed by a slightly narrower neck.
The buccal cavity measures about 0:05 mm. in length and
0-03 mm. in diameter. The total length of the cesophagus is
1:7-2:1 mm., the pharynx measuring 0-13-0-14 mm., the
prebulbar swelling and the bulb together 0-4-0-45 mm. The
diameter of the latter is 0-26-0-27 mm. The nerve-ring is
situated at 0-44-0-45 mm., the prominent cervical papille
at 1:03-1-1 mm., and the excretory pore at 1-22—-1-26 mm.,
from the anterior end.

The tail of the male measures 0-81 mm. in length. There
is no preanal sucker-like organ. There are eleven pai.rs of
caudal papille and a median preanal papilla. The spicules
measure 0-8 mm. in length and 0:07 mm. in greatest width,
The chitinized portion of the accessory piece is 0-15-0-17 mm.
long.
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The tail of the female is about 1 mm. long, and bears a pair
of papilla at, its middle. The vulva is situated ‘at 3-9—4:7 mm.
from the posterior end. The vagina is long, running forward

Fig. 82.—Spironoura testudinis. Posterior end of male ; lateral view
a.p., accessory piece. (After Baylis and Daubney.)

for a distance of 2:3 mm. before giving off the uterine branches.
The eggs measure 0-125-0-137 < 0-075-0-087 mm.

2. Spironoura barbi (Baylis and Daubney, 1922) Yorke and
Maplestone, 1926. (Figs. 83 & 84.)

Synonym :—Falcaustra barbi Baylis and Daubney, 1922.

Host :—Mahseer (Barbus tor); Torsa River, Falakata,
Eastern Bengal. o

The male measures 15-2-16-5 mm. in length and 0-69-
0-7 mm. in maximum thickness, the female 15-5-19-6 mm.
and 0-65-1 mm. respectively. The cuticular striations, if
present, are excessively fine. The head is almost globular
and has a diameter of 0-2-0-22 mm. It is followed by &
distinet neck. The total length of the wsophagus is 2:5-
2.8 mm. The buccal cavity measures about 0-07 mm. 1o
length, the pharynx 0-1 mm., and the prebu]bu!- swelling
and bulb together 0:5-0-59 mm, The bulb has a diameter of
0-34-0-37 mm. The prebulbar swelling is oval and sharply



Fxg 83—8pmmom barbi. Posterior end of male; lateral view,
ventral muscles; &., tmol:sr-liko organ, (After BGYBI

and Daubnay ) v
Fig‘ 84.—Spironoura barbi ’ )

4

|/;. ¥ ’




SPIRONOURA. 167

constricted off both from the preceding portion of the ceso-
phagus and from the bulb. The nerve-ring is situated ab
0-4-0-5 mm., the small, but prominent, cervical papill® at
1:2-1-4 mm., and the excretory pore at 1-55-1-9 mm., from
the anterior end. i

The tail of the male is about 0-6 mm. long. There is a single
fan-shaped sucker-like organ, situated in front of a long series
of oblique caudal muscles. The caudal papille are very small
and inconspicuous. There are ten pairs and an unpaired
preanal papilla. The spicules measure 1-13 mm. in length
and 0-1 mm. in dorso-ventral width at the widest part, which
is near the root. The accessory piece is well chitinized and
measures 0-2 mm. in length.

The tail of the female is 0-65-0-8 mm. long, and carries a
pair of inconspicuous papille at 0-35 mm. from the tip. The
vulva is situated at 6:25-7-3 mm. from the posterior end.
The vagina is short (about 1 mm.) and nearly straight. The
eggs are roundish-oval and measure about 0-075 ¢ 0-05 mm.

3. Spironoura leptocephala (Baylis and Daubney, 1922).
(Fig. 85.)
Synonyms ;—Falcaustra leptocephala Baylis and Daubney, 1922 3
Spironoura leptocephalum Yorke and Maplestone, 1926.

Host :—Mahseer (Barbus tor); Torsa River, Falakata,
Eastern Bengal.

This species is easily distinguished from 8. barbi, which occurs
in the same host, by its very narrow head and the absence
of a “mneck.” The male measures up to 19 mm. in length
and 1-3 mm. in thickness, the female up to 27 mm. and 1-4—
1-8 mm. respectively. The cuticular striations are about
2 p apart. The diameter of the head is 0-1-0-12 mm. The
cesophagus measures up to 3-5 mm. in total length, the buc
cavity measuring about 0-05-0-06 mm., the pharynx 0-14-
0-17 mm., and the prebulbar swelling and bulb together 0-6—
0-67 mm. These are not separated by a sharp constriction.
The diameter of the bulb is 0-45-0-47 mm. The nerve-
ring is situated at 0:45-0-5mm., the cervical papilla, which are
prominent and almost bristle-like, at 1-3-1-4 mm., and the
excretory pore at 2-2-15 mm., from the anterior end.

The tail of the male measures 0-7-0:85 mm. in lengt_ll-
There iz no preanal sucker-like organ. There are ten pairs
of candal papill® and a median preanal papilla, These ar®
arranged as in 8. barbi. The spicules are about 1 mm. long
and 0-09 mm. wide. There appears to be no chitinized accessory
piece. :

The tail of the female is 1:1-1-3 mm. long, and bears a pfm'
of very inconspicuous papille at 0-6 mm, from the tip- The
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vulva is situated at about 11 mm. from the posterior end.
The vagina is narrow and runs forward from the vulva.
The uterine branches are wide, nearly filling the body-cavity.

Fig. 85.—~Spironoura leptocephala. Posterior ond of male; lateral view.
(After Baylis and Daubney.)

The eggs are numerous and subglobular, measuring 0-075x
0-05 mm. Their contents appear to be unsegmented at the
time of laying.

4. Spironoura faleata (v. Linstow, 1906). (Fig. 86.)

Synonyms :—Qzysoma falcatum v. Linstow, 1906; Falcaustra
Jalcata Lane, 1915 ; Spironoura falcatum Yorke and Maplestone,
1926 ; ? Ozysoma kachugz Stewart, 1914 ; Falcaustra kachuga
Baylis and Daubney, 1922; Spironours kachugz Yorke and
Maplestone, 1026.

Hosts :—Geoemyda [Nicoria) trijuga (intestine) ; Colombo,
Ceylon (v. Linstow); locality not given (Lane). Kachuga
kachuga [K. lineata) (intestine) ; Lucknow (Stewart).

v. Linstow gave a somewhat incomplete and in some respects
inaceurate description of this species. Lane (1915, b) gave a
fuller account of specimens from the same host, which in all
probability belonged to the same species. The following
description is taken mainly from the latter author.



SPIRONOURA. 169

_ The male measures 11-6-14 mm. in length and 0-55-0-6 mm.
in maximum thickness, the female 14-1-17 mm. and 0-56-
0-7 mm. respectively. The cuticular striations are fine
(2 apart). There are no lateral ale. The head is slightly
wider than the neck. The total length of the cesophagus is
about 1-95 mm., the bucecal cavity measuring about 0-08 mm.,
the pharynx 0-05 mm., the prebulbar swelling 0-16 mm. and
the bulb 0-26 mm. The latter has a diameter of 0-3 mm.
The cylindrical portion of the cesophagus measures 0:125 mm.
in “_'1dth. The nerve-ring is situated at 0-3 mm., the cervical
papille at 1 mm., and the excretory pore at 1-3 mm., from the
anterior end.

The tail of the male is about 0-8 mm. long. There is no
preanal sucker-like organ. There are ten pairs of caudal
papille and a median preanal papilla. The spicules measure

Fig. 86.—Spironoura falcata. Anterior end of male ; lateral view.
(After Lane.)

in length and 0-07 mm. in maximum width.

0-35-0-45 mim.
ranular in appearance

There is an accessory piece, which is g
and measures 0-1 mm. in length.

The tail of the fémale is 1-6 mm. long, and bears a pair of
papille at 0-6-0-7 mm. from the tip. The vulva is situated
at about 10 mm. from the anterior end of the body. The
forward from it for a distance of 0-8-0-9 mm.,
off the two directly opposed uterine branches.
k shell measuring 0-14 > 0-09 mm.
d from the shell by a space at

vagina runs
where it gives 1
The eggs have a fairly thic
Their contents are separate
one pole.

Stewart (1914, @)
kachugza, a single

described, under the name of Oxysoma
female specimen from Kachuga lineata,
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which seems almost certainly to have been a small and
immature example of §. falcata. The total length of the worm
was 13-68 mm. The length of the tail is given in the table
of measurements as '59 mm., but it is clear from the text,
as Lane (1915, b) has pointed out, that this should have been
1:59 mm. Most of the other measurements are in very close
agreement with those given above for S. falcata.

5. Spironoura brevispiculata Baylis. 1935. (Fig. 87.)

Host :—Rana hexadactyla ; Colombo, Ceylon.

This form differs only in very small points from S. falcata,
and the examination of further material may possibly show
that the differences are not specific.

Fig. 87.—Spironoura brevispiculata. Posterior end of male; lateral
view. ., accessory piece ; ., right spicule. (After Baylis.)

The male measures 11:6-13:5 mm. in length, the fcmf.zle
13:5-14-7 mm. In both sexes the maximum thickness varies
between 05 and 07 mm. The cuticular striations are ex-
tremely fine. The head is slightly wider than the neck, and
has a diameter of 0-13-0-15 mm. in the male and 0-14-0-16 mm.
in the female. The length of the wsophagus, measured from
the anterior extremity and including the posterior bulb, is
about 1'7-1'9 mm. '"The combined length of the bulb and

rebulbar swelling is 0-36-0-43 mm., and the width of the
bulb 0:24-0-29 mm. The combined length of the !mccaj
cavity and pharynx is 0-15-0-18 mm. The nerve-ring is
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situated at 0-35-0-38 mm., the cervical papille at about
0-8-1 mm., and the excretory pore at about 0-95-1:25 mm.,
from the anterior extremity.

; The tail, in both sexes, is conical and rapidly tapering in
its anterior two-thirds or three-quarters. Distally it tapers
more gradually, forming a stout terminal spike about 0-:13—
0-15 mm. long. In the male the tail measures 0-43-0-5 mm.
in length. There appear to be normally ten pairs of papille
and a flattened median precloacal papilla. Their usual
arrangement is shown in fig. 87, but some variation occurs
in the position of some of the postanal papilla. The spicules
measure 0-29-0-35 mm. in length. The accessory piece
is apparently about 0-09-0-1 mm. long. There is no sucker-
like organ.

The tail of the female measures 0:5-0:6 mm. in length,
and bears a pair of lateral papille a little in front of the middle.
The vulva is situated at about 5-5-6 mm. from the posterior
end of the body,and the relatively short vagina runs anteriorly
from it, at the same time crossing the body-cavity to the
dorsal side. The eggs measure 0-12-0-1460-068-0-08 mm.
Their contents are unsegmented in ufero.

6. Spironoura stewarti (Baylis and Daubney, 1922) Yorke and
Maplestone, 1926. (Figs. 88' & 89.)

Synonym :—Falcaustra stewarti Baylis and Daubney, 19

Hosts —Kachuga smithi ; Ferozepore, Punjab. Hardella
thurgi ; Siripur, Saran, Bihar.

The original specimens from the two hosts mentioned
differed somewhat in size and in certain minor characters,
but the differences are not considered great enough to be of
specific importance. In the material from Kachuga smithi,
which was taken as typical, the male measures 17-19-8 mm.
in length and 0-6-0-7 mm. in maximum thickness, the female
19-22:6 mm. and 0-85-0-75 mm. respectively. The cuticular
striations are exceedingly fine. The head has a diameter of
0-19-0-21 mm., and is followed by a narrower neck. The
total length of the wmsophagus is 2:1-2:56 mm. The buceal
cavity is shallow, measuring only 0:06 mm. in length. The
pharynx is 0-09 mm. long. The prebulbar swelling and the
bulb are not distinctly separated, and measure together
0-5-0-55 mm. in length.  The width of the bulb is 0-3-0-32 mm.
The nerve-ring is situated at 0-5-0:6 mm., the small but very
prominent cervical papille at 1-3-1-37 mm., and the excretory
pore at 1:6-1:85 mm., from the anterior end.

The tail of the male is 1-4-1.7 mm. long, and tapers to
a slender point. There is no preanal sucker-like organ. There

a9
L
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Fig. 88.

Fig. 88.—Spironoura stewarti. Anterior end of female: dorsal view,
¢, cuticular ring ; p., forked pulp of papilla; ph., pharynx,
) (After Baylis and Daubney.)

Fig. 89. Spironoura stewarti. Posterior end of male; lateral view.

(After Baylis and Daubney.)
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are 16 to 18 pairs of caudal papille and the usual unpaired pre-
anal papilla. Of the postanal papille two pairs are lateral,
the rest subventral. Ocecasionally one or two of the anterior
subventral pairs become adanal in position. The members
of the more posterior pairs sometimes become displaced
anteriorly or posteriorly, so as to disturb the symmetry of
the paired arrangement. The spicules measure 0-5 mm. in
length and 0-09 mm. in maximum width. The accessory
piece is represented by a vaguely-defined mass of imperfectly-
chitinized tissue.

The tail of the female is tapering and finely pointed, and
measures 2-25-2-6 mm. in length. It bears a pair of papille
at about 16 mm. from the tip. The vulva is situated at
7-75-10-3 mm. from the posterior end. The vagina is about
15 mm. long. The eggs measure about 0:15x0:105 mm.,
have shells 5 u thick, and contain embryos when ready for
laying.

The specimens from Hardella thurgi were somewhat stouter,
having a maximum thickness of 0-8-0-9 mm. in the male and
0-8-1:05 mm. in the female. The head was also larger,
having a diameter of 0-28-0-35 mm. The tail, in both sexes,
was a little longer, and many of the other measurements
were slightly greater.

7. Spironoura onama Karve, 1927.

Host :—Testudo emys (rectum) ; Burma.

The male measures 8:28-8-5 mm. in length and 0-606 mm.
in maximum thickness, the female 10-6-12 mm. and 0-687 mm.
respectively. The cuticular striations are fine. The head is
somewhat wider than the neck, and has a diameter of 0-143~
0-15 mm. The buccal cavity is about 0:031-0-044 mm. long.
The length of the wsophagus is about 1:6 mm. The pharynx
measures about 0:063-0-066 mm. in length and 0-081-0-094 mm.
in width. The prebulbar swelling is relatively small, having
a diameter of 0:162-0-168 mm., and is sharply constricted off
from the bulb. The latter is spherical, an.d has a dimnetfr
of 0-275-0-287 mm. The nerve-ring is situated at 0-375-
0-387 mm., the very prominent cervical papille at 0-925 mm.,
and the excretory pore at 1-237-1-25 mm., from the anterior

d.
eu';’hc tail of the male appears, from Karve's figure, to be
about 0-35 mm. long. There is a preanal sucker-like organ,
situated at about 1-85 mm. from the posterior extremity.
There are ten pairs of caudal papille and an unpaired preanal
papilla. The spicules measure about 0-81 mm. in length
and 0-068 mm. in maximum width. Their proximal ends are
described as being surrounded by a chitinized and transversely
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striated ** sheath,” measuring 0-144 mm. in length and lying
between the accessory piece and the roots of the spicules.
The accessory piece, which is said to be chitinized and well
developed, but is not clearly indicated in the figure, measures
0:09-0-1 mm. in length.

The tail of the female is 1-112-1-343 mm. long, and bears
a pair of papille at 0-762-0-825 mm. from the tip. The vulva
is situated at 4-06-4-67 mm. from the posterior end. The
eggs measure 0-137 < 0-087 mm.

4. Genus ZANCLOPHORUS Baylis and Daubney, 1922.

Head somewhat narrower than neck, surrounded by a slight
cuticular collar at its base. Lips large, entire, flattened
anteriorly, each carrying a pair of rather prominent papille
and bordered internally by a cuticular fringe. Oral cavity
with three separate, double, horseshoe-shaped chitinoid
gsupports at its angles. Pharynx with wide lumen, lined with
thickened cuticle. (Esophagus similar to that of Spironoura.
A single well-developed muscular preanal sucker present
in the male. Spicules as in Spironoura, but relatively much
Jonger. A large, but incompletely chitinized, accessory
piece present. Female organs as in Spironoura. Adult
worms in the stomach and intestine of land-tortoises.

Genotype :—Zanclophorus annandalei Baylis and Daubney,
1922.

Key to Species.
Preanal papille of male six pairs.............. annandalei, p, 174.
Preanal papille of male five pairs ............ kempd, p. 177,

1. Zanclophorus annandalei Baylis and Daubney, 1922,
(Figs. 90-93.)

Host —T'estudo  travancorica (stomach); Cochin State
Forests, Western Ghats.

The male measures 15-5-159 mm. in length, the female
15-17-4 mm. The maximum thickness is 0:85-1-1 mm. The
cuticular striations are about 2u apart. The head has a
diameter of 0-2-0-23 mm. The total length of the cesophagus
is 2:6-2-85 mm. The pharynx measures 0-14-0-15 mm. in
length and 0-09 mm. in greatest diameter. The bulb, together
with the prebulbar swelling, measures 0-6-0-65 mm. in length,
and has a width of 0-4-0-44 mm. The nerve-ring is situated
at 0:565-0:6 mm., the cervical papille at 1-5-1-74 mm., and
the excretory pore at 2-2 mm., from the anterior end.

The tail of the male is 0:45-0-6 mm, long. The sucker is
situated at a distance of about 1-5 mm. from the cloacal
aperture. There are ten pairs of caudal papillze and a median



Fig. 90.—Zanclophorus annandalei. Anterior end of female ; dor=al

view. b., lining of buccal cavity; c., one of the three
4 cuticularsupports ; p., papilla. (After Baylis and Daubney.,
Fig. 01—, annandalei. Anterior end, viewed en

. one of the thres orts ;¢
f4 cuticular fringe of o
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precloacal papilla. Four pairs are postanal, two of them being
subventral and two lateral, and six pairs are preanal. Of
these, three pairs are close together near the cloaca, and three
pairs, more widely separated, lie between these and the sucker.
The spicules measure 2:2-2:3 mm. in length and 0-058 mm.
in maximum width. The large accessory piece, which is
only partially chitinized, is deeply cleft in front.

Fig. 92.—Zanclophorus annandalei. Posterior end of male ; lateral
view. a.p., accessory piece; s., sucker. (After Baylis
and Daubney.)

The tail of the female is 0-7-0-75 mm. long. The vulva
is situated at 5-5-5 mm. from the posterior end. The vagina
runs forward for about 2 mm. before giving off the two directly
opposed uterine branches. The eggs measure about 0-125%
0-0756 mm.
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Fig. 93.—Zanclophorus annandalei. Posterior end of male; ventral
view. a.p., accessory piece. (After Baylis and Daubney.)

2. Zanclophorus kempi Baylis and Daubney, 1922. (Fig. 94.)

Host -—Testudo elongata (intestine) ; Baradighi, Jalpaiguri,
Bengal ; and near Tura, foot of Garo Hills, Assam.

The male measures 10-9-12-8 mm. in length and 1-1-1 mm.
in maximum thickness, the female 13-4-15-8 mm. and 1-2-
1-4 mm. respectively. The cuticular striations are exceedingly
fine. The diameter of the head is 0-22-0-24 mm. The total
length of the wsophagus is 2:3-2-5 mm. The pharynx
measures 0:13 mm. in length and 0-09-0:-1 mm. in greatest
diameter, The bulb, together with the prebulbar swelling,
measures 0-45-0-6 mm. in length. Its width is 0-4-0-48 mm.
The nerve-ring is situated at 0-52-0-58 mm., the cervical
papille at 1:5-1-6 mm., and the excretory pore at 1-7-1-95 mm.,
from the anterior end.

The tail of the male is 0-45-0-55 mm. long. The sucker,
which is deep and strongly muscular, is situated at a distance

NEM. N
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of about 1-1 mm. from the cloacal aperture. There are nine
pairs of caudal papille and the usual median precloacal
papilla. The arrangement of the papille is the same as in
Z. annandalez, except that one of the three pairs immediately
in front of the cloaca is absent. The spicules measure 2:9 mm.
in length and 0-1 mm. in width. The accessory piece is similar
to that of Z. annandalei.

The tail of the female is bluntly conical and measures
0:55-0-8 mm. in length. The caudal papille are situated at

Fig. 94.—Zanclophorus Lempi. Posterior end of male ; lntem} view.
a.p., accessory piece; &, sucker. (After Baylis and
Daubney.)

0-27 mm. from the tip. The vulva is situated at 448 mm.
from the posterior end of the body. The vagina 1s narrow
and about 2 mm. long, and runs forward from the vulva.
The eggs are oblong-oval and measure 0-125-0-137 < 0-075-
0:085 mm. Their contents are unsegmented in utero.

The following form is placed here because it appears possible
that it may belong to the genus Zanclophorus, or at le.ast be
closely related to it. Parona’s description is not very intelli-
gible, and i8 in places self contradictory, while the decimal
‘point- in many of his measurements is probably misplaced.
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3. Heterakis fez Parona, 1889.

Host :—T'estwdo sp. (intestine); Jado village, Mt. Carin,
district of the Asiuii Cheba, Burma.

According to Parona’s description, the male measures 26 mm.
in length, the female 28 mm. The maximum thickness is
1'5 mm. Body whitish, elongate, attenuated at each end,
especially posteriorly. Dorsal lip larger, ventral lips with
papille. Buccal aperture with raised folds, 0-021 mm. wide.
(Esophagus 3 mm. long, expanding into a large, distinet bulb
with two swellings, of which the upper is the smaller and
has a transverse diameter of 0-03 mm. [? 0-3 mm.], the lower
of 0-044 mm. [? 0-4 mm ]. There are two chitinous plates in
the centre of the upper swelling.

Tail of male tapering, curved ventrally so as to form a
complete circle, without terminal spike. Aperture of sheath
of spicules [? cloaca] 0:049 mm. [? 049 mm.| from caudal end.
Spicules *“ very long” (2 mm.), equal, curved. Papilla
small and numerous, 14 to 16 pairs preanal [12 pairs shown in
figure], three pairs postanal [none shown in figure], and one
pair, larger, lateral to cloacal aperture. Sucker oval, ** with
large chitinous ring,” about 1-5 mm. from tip of tail. )

Tail of female tapering and conical, without terminal s,plke.
“Anal aperture at three quarters from tip of tail.” \ulv?;
at posterior third of body, * about 5 mm. from posterior c_'nd.
Vagina 0-011 mm. [?0:11 mm] wide, directed anteriorly.
Ovarian tubes extend anteriorly as far as the esophageal bulb,
and posteriorly nearly to the anus. Eggs oval, colourless,
0-0126 mm. [sic] long by 0:07 mm. wide, The shell is of
remarkable thickness, with elevations and with pigment. In
gome eggs the embryo is well developed.

5. Genus CRUZIA Travassos, 1917.

Synonym :—Ozysoma Schneider, 1866 (part).

Lips well de\'(-lopcd..subtriangular. Lateral ﬁelds.l?rc'md.
Pharynx three-sided, with narrow lumen, strongly chitinized
and containing three Inngi.mdinal series of teeth, which in the
genotype are forwardly directed. In the genotype there are
also at the base of the pharynx three large. blunt, tooth-like
structures. (Esophagus with a large, spherical posterior bulb
and a small prebulbar swelling, Intestine with an anterior
ceecum. Ventral surface of preanal region in male rugose.
Caudal muscles well developed, but not aggregated into
a sucker-like organ. Caudal papille sessile. Spicules sub-
equal, alate. A large, subtriangular accessory piece present.
Tail of female tapering. Vulva slightly in front of t‘-)he middle

N2
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of the body, not prominent. Eggs relatively large, with thick,

rugose shell, containing embryos when laid. Adult worms

in the large intestine of opossums, pigs and (?) lizards.
Genotype :—Cruzia tentaculata (Rudolphi, 1819).

1. Cruzia orientalis Maplestone, 1930. (Figs. 95 & 96.)

Host :—Domestic pig (caecum and large intestine) ; Calcutta.
The worms measure 13-17-9 mm. in length. The dorsal
lip has very prominent lateral angles. The ventro-lateral

Fig. 95. Fig. 96.

#

Fig. 95.—Cruzia orientalis. Anterior end; ventral view. (After

Maplestone.) :
Fig. 96.—Cruzia orientalis. Posterior end of male; lateral view.

(After Maplestone. )

lips are marked off from the body by a deep groove. The
pharynx is 0:24-0-32 mm. lon'g. z_md is described as containing
from 19 to 23 rows of teeth. I"hls apparently means that eacﬁ
of the longitudinal rows contams 19 to 23 teeth, the rows, in
Maplestone'’s sense, peing transverse. All the teeth are of
about the same size. The length of the msophagus is given
as 2-34-2-95 mm. It is not clear whether this includes the
pharynx and bulb. The latter measures 0-28-0-38 mm. in
diameter. The intestinal czcum 1s 1:09-1-96 mm. long.
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The tail of the male appears, from Maplestone’s figure, to
be about 0-25 mm. long. There are ten pairs of caudal papille,
of which four are definitely postanal, three form an adanal
group and three are more anterior. The spicules measure
0-86-1-03 mm. in length, and the accessory piece 0-18-0-22 mm.

The tail of the female is 0-69-0-71 mm. long. The eggs
measure 0-12>¢0:056-0-06 mm.

6. Genus CISSOPHYLLUS Railliet and Henry, 1912.

_ Mouth dorso-ventrally elongate, with complex lips. Dorsal
lip trident-shaped, ventro-lateral lips armed with groups of
lunce!-likc teeth. (Hsophagus with a slightly differentiated
anterior portion (? pharynx) and a posterior bulb. Male with
a fl{siforlp preanal sucker-like organ. Caudal papille small,
sgssnle‘ Spicules subequal. An accessory piece present.
Vulva in posterior third of body. Uterine branches parallel,
Flmningunteriorly. Eggs segmenting when laid. Adult worms
in the intestine of land and freshwater tortoises.

Genotype :—Cissophyllus laverani Railliet and Henry, 1912.

1. Cissophyllus laverani Railliet and Henry, 1912. (Fig. 97.)

Host -——Testudo emys (intestine) ; locality not given by
Railliet and Henry, but this tortoise occurs in Assam and
Burma.

The male measures 25-31 mm. in length and 1:5-1-6 mm.
in maximum thickness, the female 24-31 mm. and 1-6-1-8 mm.
respectively. The cuticular striations on the greater part
of the body are very fine (1-5 p apart), but in the head region
the intervals between them increase to 6:5 p. The musculature
is said to be polymyarian. The two lateral and four submedian
cephalic papille all have double terminations. The w@sophagus
measures 3-6-3:8 mm. in total length, and is composed of
three portions of almost equal length. The first two portions
are distinguished, according to Railliet and Henry (1912, ), by
their degree of chitinization, the second beng somewhat darker
in colour than the first. The third portion, which is slightly
thicker, ends in a globular bulb containing finely-folded
chitinoid plates.

The tail of the male is 0-65-0-7 mm. long. The sucker-like
organ, which is not very highly developed, is situated at a
distance of 2:3-2-5 mm. from the cloacal aperture. There ar¢
eleven pairs of caudal papille, of which six are preanal and
five postanal. The spicules are approximately equal, an
measure 1-675-2:05 mm. in length and 0-095-0-11 mm. in
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of the body, not prominent. Eggs relatively large, with thick,

rugose shell, containing embryos when laid. Adult worms

in the large intestine of opossums, pigs and (?) lizards.
Genotype :—Cruzia tentaculata (Rudolphi, 1819).

1. Cruzia orientalis Maplestone, 1930. (Figs. 95 & 96.)

Host :—Domestic pig (czcum and large intestine) ; Calcutta.
The worms measure 13-17-9 mm. in length. The dorsal
lip has very prominent lateral angles. The ventro-lateral

Fig. 96,

Fig. 95.

#

Fig. 95.—~Cruzia orientalis. Anterior end; ventral view. (After

Maplestone.) = /
Fig. 96.—Cruzia orientalis. Posterior end of male; lateral view.

(After Maplestone.)

lips are marked off from the body by a deep groove. The
pharynx is 0-24-0-32 mm. long, and is described as containing
from 19 to 23 rows of teeth. T}ns apparently means that each
of the longitudinal rows contains 19 to 23 teeth, the rows, in
Maplestone’s sense, being transverse. All the teeth are of
about the same size. The length of the msophagus is given
as 2:34-2:05 mm. It is not clear whether this includes the
pharynx and bulb. The latter measures 0-28-0-38 mm. in
diameter. The intestinal cecum is 1:09-1-96 mm. long.
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The tail of the male appears, from Maplestone’s figure, to
be about 0-25 mm. long. There are ten pairs of caudal papille,
of which four are definitely postanal, three form an adanal
group and three are more anterior. The spicules measure
0~§6—l-03_mm. in length, and the accessory piece 0-18-0:22 mm.

The tail of the female is 0-69-0-71 mm. long. The eggs
measure 0:12 3¢ 0-056-0-06 mm.

6. Genus CISSOPHYLLUS Railliet and Henry, 1912.

: Mouth dorso-ventrally elongate, with complex lips. Dorsal
lip trident-shaped, ventro-lateral lips armed with groups of
lancet-like teeth. (Bsophagus with a slightly differentiated
anterior portion (? pharynx) and a posterior bulb. Male with
a fusiform preanal sucker-like organ. Caudal papille small,
sessile. Spicules subequal. An accessory piece present.
Vulva in posterior third of body. Uterine branches parallel,
l_'lmning anteriorly. Eggssegmenting when laid. Adult worms
in the intestine of land and freshwater tortoises.
Genotype :—Cissophyllus laverani Railliet and Henry, 1912.

1. Cissophyllus laverani Railliet and Henry, 1912. (Fig. 97.)

Host —Testudo emys (intestine) ; locality not given by
Railliet and Henry, but this tortoise occurs in Assam and

Burma.

The male measures 25-31 mm. in length and 1-5-1-6 mm.
in maximum thickness, the female 24-31 mm. and 1-6-1-8 mm.
respectively. The cuticular striations on the greater part
of the body are very fine (1-5 pz apart), but in the head region
the intervals between them increase to 6:5 u. The musculature
is said to be polymyarian. The two lateral and four submedian
cephalic papille all have double terminations. The cesophagus
measures 3:6-3:8 mm. in total length, and is composed 0
three portions of almost equal length. The first two portions
are distinguished, according to Railliet and Henry (1912, 5), by
their degree of chitinization, the second beng somewhat darker
in colour than the first. The third portion, which is slightly
thicker, ends in a globular bulb containing finely-folded
chitinoid plates.

The tail of the male is 0-65-0-7 mm. long. The sucker-like
which is not very highly developed, is situated at a

organ,
distance of 2:3-2:5 mm. from the cloacal aperture. There are

eleven pairs of candal papillze, of which six are preanal an
five postanal. The spicules are approximately equal. an
measure 1-675-2:05 mm. in length and 0-095-0-11 mm. it
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width. The hollow accessory piece is 0-4 mm. long. Tts width
is 0:2 mm. in front and 0-16 mm. behind.

The tail of the female is 0-9 mm. long, and bears a pair of
papille. The vulva is situated a little behind the posterior

Fig. 97.—Cissophyllus laverani. A, head, lateral view ; B, posterior
end of male, lateral view. (After Railliet and Henry.)

third of the body. The eggs are oblong, with very thin shells
measuring 0-11-0-117 % 0-059-0-062 mm. Their contents are
in early stages of segmentation at the time of laying,

7. Genus PROBSTMAYRIA Ransom, 1907.

Head truncate. Lips bilobed, the dorsal lip having two
papille with long peduncles, the ventro-lateral lips each one
such papilla. Pharynx tubular, composed of a small anterior
portion without muscles and a longer, muscular posterior
portion. Caundal end of male without sucker-like organ.
Several pairs of small postanal papille present. Spicules
short, subequal in genotype. Tail in both sexes long and
tapering. Vulva at about the middle of the body. Vivi-
parous (eggs few and large, hatching in uterus). Adult worms
in the alimentary canal of mammals (colon of Equida, small
intestine of Primates),

Genotype :—Probstmayria vivipara (Probstmayr, 1865).
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1. Probstmayria simiz Maplestone, 1931. (Figs. 98 & 99.)

Host :—Hoolock gibbon (Hylobates hoolock) (in mucus from
upper part of small intestine) ; Zoological Gardens, Calcutta.

The male measures 1-5-1-6 mm. in length and 0-076 mm. in
thickness, the female 1:6-1-8 mm. and 0-12-0-13 mm. T€-
spectively. The lips are about 0-01-0-012 mm. long. The
pharynx measures 0-06-0-065 mm. in length and 0-015 mm.
in diameter, and is finely striated. The cesophagus consists
of two parts, the anterior cylindrical and measuring about:
0-17 mm. in length and 0-015 mm. in diameter, the posterior

Fig. 98. Fig. 99.

Fig. 08.—Probstmayria simiz. Anterior end. (After Maplestone.)
Fig- 90.—]':'0’,mhnayria simiwe. Posterior end of male; lateral view.
(After Maplestone.)

flask-shaped, 0-11 mm. long and terminutil_lg in a Sl)heri?ﬂl
bulb 0-06 mm. in diameter. ““The bulb is furnished with
owerful valvular apparatus. Under the oil immersion
the cusps of this valve are seen to be covered with fine con-
centric ridges.” The nervering is situated at (-148 mm.
from the anterior end. The excretory pore opens just in front
of the msopll!lg(‘ill bulb, and leads into a relatively large
slobular vesicle.

" The tail of the male is about 0-36 mm. long, and bears
four pairs of posumal papille. ** The spicules are unequal

a p
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and dissimilar. One is short, straight, and relatively thick,
it is 0-04 mm. in length, the other is more delicate and curved
like a sabre blade, it is 0-08 mm. in length. There is no
gubernaculum.”

The tail of the female is 0-45-0-5 mm. long. The vulva
has prominent lips and is situated just in front of the middle
of the body. The uterine branches are opposed. The em-
bryos attain a length of 0-93 mm. and a thickness of 0-041 mm.
before birth. * The embryos contain a well-developed
wsophagus of the adult type, and they apparently reach
maturity without any change in morphology, because all
stages from embryos just escaped from the uterus and with
no ftrace of genitalia up to fully mature specimens were
encountered, and the only difference in the various stages was
in their size.”

4. Family OXYURIDZA Cobbold, 1864.

Small or medium-sized parasitic forms. Musculature mero-
myarian. Mouth with simple, usually inconspicuous lips.
No buccal capsule. (Esophagus usually with a pharynx
and always with a distinet posterior bulb, containing a three-
fold valvular apparatus. Reproductive organs of a relatively
simple type. Ovaries short, producing relatively few and
large eggs. Excretory pore at qbout- the level of the ceso-
phageal bulb or even behind it. Caudal end of mature
female always elongate and tapering. Male almost always
without a preanal sucker. The worms are oviparous. The
life-history is direct, without an intermediate host.

Subfamily OXYURINZAE Hall, 1916.

Mouth with three or six lips. Male with a single spicule,
which may be vestigial ; or, rarely, without a spicule. An
accessory piece usually absent. The caudal papillee of the
male are mainly in the vicinity of the cloaca.

Key to Genera,

Pavasiten OF reptilagsi. . i o i st oen bt THELANDROS, p. 192,
Parasites of mammals ....... o000, ...
1. Male with two or three large ventral bosses ;
parasitesof rodents . ..........o.. ... .. SyYPHACIA, p. 198,
Male without ventral bosses .......... ... 2.
2. Parasites of the horse tribe . ............. .. Oxvyunis, p. 185.

Parasites of Primates ...........c......... ExTEROBIUS, p. 188,
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1. Genus OXYURIS Rudolphi, 1803.
Synonym :—Lepturis Schlotthauber, 1860.

Lips not apparent. Cuticle of head not inflated. Mouth
hexagonal. One pair of lateral and two pairs of large sub-
median cephalic papille present. (Esophagus relatively short,
hou'rgluss-shaped, with a short pharynx, containing NUMerous
cuticular bristles in both sexes and three prominent teeth in
the female. The narrow middle portion of the cesophagus
passes gradually into the pyriform posterior bulb. Tail of
male truncate, with alar expansions in front of and behind
the cloaca, each supported by a pair of pedunculate papille.
Two or three pairs of smaller caudal papille also present.
A single spicule present. No accessory piece. Tail of female
very long. Vulva towards the anterior end of the body
but postesophageal. The common trunk of the uterus
extremely long, extending almost to the posterior end, and
there dividing into two short branches which run parallel
to each other in the anterior direction. Eggs elongate,
with thick shells, flattened on one side and provided with
an operculum at one pole. Their contents are unsegmented
when laid. Adult worms in the large intestine of Equidse.

Genotype —Ozyuris equi (Schrank, 1788).

1. Oxyuris equi (Schrank, 1788) E. Blanchard, 1849.
(Figs. 100-102.)

Trichocephalus equi Schrank, 1788; Trichuris equi
Broguitre, 1701 ; Mastigodes equi Zeder, 1803 ; Oxyuris cur:‘.u!(l
Rudolphi, 1803 ; Oxyuris mastigodes Nitzsch, in _Gxebol. 1867 :
Lepturis curvula Schlotthauber, 1860 ; Oxyuris mastigoides
Gough, 1908 ; ? Oxyuris teniticauda v. Linstow, 14901,

Synonyms :—

Hosts :—This is a cosmopolitan parasite of the colon and

cweum of horses, donkeys, mules and zebras. In India and
Burma it has been recorded fairly frequently, e.g. by
Montgomery (1906), Gaiger (1910 and 1915), and Baylis and
Daubney (1923, b).

The male measures 9-12 mm. (exceptionally as much as
16-6 mm.) in length and about 0-78 mm. in thickness, the
fomale about 40-150 mm. and 1-5-2 mm. respectively. The
variation in the length of the female is mainly due to the tadl,
which may vary from about half the total length to several
times the length of the rest of the body. The lips are relatively
large. A pair of low lateral and two pairs of stout submedian
cephalic papille are present.

In the male the buceal cavity,
0-068 mm. in length. The cesophagus is
long. Its anterior portion measures 0-290 mm.

which is three-sided, measures
about 1:5-1-7 mm.
in thickness,



L e e 3. Diesepon \
e cylindrical middle portion 0-15 mm. and the bulb 3
6 mm. The slender, sharply-pointed and needle-like
icule is 0-12-0-165 mm. long. .
~ In the female the wsophagus measures about 2:7 mm. in
- total length. Its anterior portion measures 0-5mm. in thick-
~ mess, the middle portion 0-24 mm. and the bulb 0-55 mm.

e

A

!.
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3 X 2 .

~ Fig. 100.—Oxyuris equi. Outlines of three females (natural size),

to show variation in length of tail. (From Baylig, after
) Railliet.) ‘

~ The nerve-ring is situated at about (-4-0-5 mm. from the

“anterior end, and the vulva at 7-10 mm. from the same point.
~ The eggs measure 0-074-0-099 % 0-038-0-045 mm. o
i & M Lo '-‘_ - =X Bt
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~ Cameron (1925) gives the following summary of the life-

hmto'ﬁ; oi{ this species :— : - Al

- The females deposit their eggs on leaving the large intestine

~and reaching the exterior. The majority stop at the edge

- of the anus, being retained by their tail, and the eggs are

‘ejected as the result of uterine peristalsis in a sticky mass
Fig. 101.

4

ig, 101,—Ouyuris equi. Anterior end of female ; dorsal view. (From
{ Fig Baylis, after Yorke and Maplestone.) \

Fig. 102—Oxyuris equi. Two views of posterior end of male.
i &, spicule.  (From Baylis, after Railliet.) .

“on to the perineum and inner surface of the tail. The femal
then dies and dries up.  This viscous oviferous material causes
intense pruritus in the peri.anal region with excoriatic
the perineum and depilation of the tail, and the horse
become emaciated and even unm able as

itation. It is continually rubbi

TN L
'."‘v




188 OXYURID.E.

against anything which presents itself, and so aids in the
distribution of the ova. The eggs quickly develop on the
warm skin, and within 48 hours—generally less—they contain
an embryo. After 4-8 days, the eggs drop off from the skin
and with the manure are further distributed. Water does
not appear to be essential for the development of these eggs,
but oxygen is necessary. The eggs on being swallowed hatch
in the small intestine, and after moulting [the worms] settle
down in the cecum. Eggs cannot develop without first reaching
the air, and this is an essential condition for infection.”

2. Oxyuris poculum v. Linstow, 1904.

Host —Horse; Ceylon (** passed by ponies on Iranativu ”).

Of this species the type-specimens, which were originally
in the Colombo Museum, do not appear now to be available.
Although it may be reasonably suspected that the species
would prove, on re-examination, to be identical with O. equi,
there are certain points in v. Linstow’s description which it is
not easy to reconcile with the common form, and his account
is therefore quoted here.

“This species is nearly related to Oxyuris curvula, Rud.
[i. e. O. equi], having the same form as the latter ; the mouth
is hexagonal with two large lateral papillz in contradistinetion
to the six papille of 0. curvula ; the wsophagus in the male
occupies "—‘ of the total length, terminating in a bulbus
the ducts of the three esophageal glands lie quite anteriorly
in the lumen of the wsophagus, and are cup-shaped with
denticulate margin, whereas in O. curvula they are tubular.

“The male is 14-2 mm. long by 0-99 mm. in diameter ;
the cirrus is 0-44 mm. long, finely acuminate ; the tail carries
four papille, of which two lie at the posterior angles of the
quadrangular portion of the body and two are placed ventrally.
The six median papille of 0. curvula are absent in the present
species.

“ The female has a long filamentous hind body, and attaing
a length of 65 mm. and a breadth of 2:57 mm.; the eggs have
a double shell ; the outer shell is perforated at one pole,
the orifice being closed by a plug: the eggs measure 0:081 mm.
by 0:047 mm., those of O. curvula being 0-099 mm. by
0-:042 mm.”

2 (lenus ENTEROBIUS Leach, in Baird, 1853.

Synonyms :—Ozxyurias Stiles, in Stiles and Hassall, 1905 ; Fusarella
Seurat, 1016 ; Trypanoxyuris Vevers, 1923,

Cuticle of anterior end inflated. Lips fairly distinct. Mouth
triradiate. Narrow lateral al® present. (Esophagus club-
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shaped, with distinct posterior bulb, separated from the rest
by a narrow neck. Caudal end of male truncate, with ale
supported in front by a pair of pedunculate preanal papille,
and behind by a pair at the extremity of the tail. Two or
three pairs of sessile postanal papille also present. A single,
relatively long spicule. No accessory piece. Vulva in the
anterior half of the body. Common trunk of the uterus
relatively short. Uterine branches parallel. Adult worms in
the intestine of Primates.
Genotype :—Fnterobius vermicularis (Linn., 1758).

1. Enterobius vermicularis (Linneus, 1758) Leach, in Baird,
1853. (Figs. 103 & 104.)

Synonyms :—Ascaris vermicularis Linnmus, 1758 ; Fusaria vermi-
cularis Zeder, 1803; Ozyuris vermicularis Bremser, 1819;
Oxyurias vermicularis [Stiles, in Stiles and Hassall, 1905], Ward,
1907 ; Ozyuris (Oxyurias) vermicularie Stiles, 1907 ; Fusarella
;‘(:{:m'culan's Seurat, 1916 ; ? Ascaris pollicaris Linn., fide Baird,

853.

Hosts :—This species is a common parasite of man (especially
of children) in all parts of the globe. It has not been definitely
established that it occurs in any other animal, though there
are records of its alleged occurrence in dogs. A number of
other species of Enterobius are known, all of which appear
to be confined to the Primates. Moreover, so exceedingly
common and widespread a human parasite as K. verm icularis,
were it: capable of infesting dogs, might be expected to be very
common in them. Such records must, therefore, be regarded
with great suspicion. The worms inhabit the small intestine,
cmeum, appendix and colon.

E. vermicularis is doubtless as abundant in India as in most
other parts of the world, though few data as to its frequency are
available. Sweet (1920) mentions that out of 11,972 persons
in the State of Mysore, whose stools were examined for the
eggs of parasitic worms, only 26 per cent. were found to be
infested with this species, a percentage much lower than for
hookworms, Ascaris or Trichuris. But, as this author remarks,
the diagnosis of B. vermicularis by means of the microscopical
examination of fecal specimens * is largely a matter of the
chance occurrence of ova, and incidence figures are probably
misleading.”

The male measures 2-5 mm. in length and 0-1-0-2 mm. in
maximum thickness, the female 8-13 mm. and 0-3-0-6 mm.
respectively. The narrow lateral ale begin near the head
and extend almost to the posterior end. The lips are retractile.
The dorsal lip is larger than the ventro-lateral lips and carries
two large papille, while each ventro-lateral lip has a large
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lateral and a small subventral papilla. The cephalic cuticular
swelling has a length of about 0-1-0-15 mm. and a width of
0-1-0-11 mm. in the male, and a length of about 0-2 mm.
and a width of about 0-17 mm. in the female. The total length
of the esophagus is 0-54-0-6 mm. in the male and 0-9-0-93 mm.
in the female. The diameter of the bulb is 0-09-0-11 mm.
in the 'male_a and about 0-16-0-17 mm. in the female. The
nerve-ring is situated just behind the cephalic swelling, and
the excretory pore at about the level of the @sophageal bulb,
or just behind it.

The posterior end of the male is curved ventrally. There
are five pairs of caudal papille. A large anterior pair and

Fig. 103.

Fig. 104,

/4

M

ventral view ;

Fig. 103.—Enterobinus vermicularis. A, anterior end,
{(From

B, posterior end of male, lateral view ; C, egg.
Baylis, after Yorke and Maplestone.)

Fig. 104.—Enterobius vermicularis. Spicule. of male; lateral view.
r.. retractor muscle. (After Baylis.)

a posterior pair support the ale. Between these two pairs
there are three pairs of smaller subventral papille, of which
the anterior is adanal and the posterior much more slender
than the others. The spicule is relatively stout, and has
a slender, slightly recurved tip, somewhat suggesting a blunt
crochet-hook in shape. Its total Jength is about 0-125-
0-13 mm., including a solid, club-shaped basal portion and
a tubular distal portion, the latter being 0-07-0-08 mm. long.
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The tail of the female is long and tapering, and occupies
from about one-fifth to one-third of the total length. The
vulva is situated at about the anterior third of the body.
From this a short vagina runs posteriorly. The common
trunk of the uterus is wide, and gives off two opposed uterine
branches. The posterior of these runs straight back, while
the anterior runs forward for oniy a short distance, then
turns posteriorly. In gravid females the branches of the
uterus occupy almost the whole of the body-cavity between
the posterior end of the esophagus and the anus, and sometimes
extend beyond the latter into the tail. The eggs measure
0:05-0-06 < 0:025-0-032 mm., and are slightly flattened on
one side.

When laid, the eggs contain a tadpole-shaped embryo.
Under favourable conditions of warmth and moisture, such
as they find in the perineal region of the host, they reach the
infective stage in a few hours. The gravid female worms,
which wander down to the anus and frequently escape from
it, (thereby causing intense irritation, particularly at night),
frequently burst, or are ruptured through the efforts of the
host to relieve the irritation by scratching. The eggs are then
scattered in great numbers, and reinfection by means of
soiled fingers is of very frequent occurrence. If swallowed,
the eggs hatch in the duodenum of the host, and the worms
reach maturity in the small intestine in about fourteen days.

2. Enterobius anthropopitheci (Gedoelst, 1916).
Synonym —Oxyuris anthropopitheci Gedoelst, 1916,

Hosts :—This species was originally recorded from the
chimpanzee (Pan satyrus) in the Belgian Congo. Baylis and
Daubney (1922) have doubtfully referred to it some s;fecimens
from a black-headed lemur (probably Lemur brunneus) in the
Zoological Gardens, Calentta.

The male is unknown. The female measures 4-5-5 mm. in
length and 0:325-0-36 mm. in maximum thickness. The
cephalic cuticular swelling is 0-12 mm. wide and 0-08-0-095 mm.
long, and is clearly marked off behind by a groove. The
eesophagus occupies 1/5-75 of the total length. Its anterior
portion increases in diameter from about 0-04 mm. to a maxi-
mum of 0:072 mm. at the posterior swelling. The bulb has
a diameter of 0-12 mm., and the “ neck ” separating it from
the rest of the wsophagus measures 0-01 mm. in length and
0-032 mm. in width. The nerve-ring is situated at the anterior
fifth of the sophagus, and the excretory pore at the Jevel
of the junction of the esophagus and intestine.

The tail is 1:4-1:5 mm. long. The vulva divides the total
length of the body in the proportion of 1:2-35 or 1 :2:85.
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The anterior branch of the uterus turns posteriorly after
running forward for a short distance, and both branches
terminate anteriorly. The eggs are asymmetrical and measure

0-07 % 0:032 mm.
3. Genus THELANDROS Wedl, 1862.

Synonym :—Parapharyngodon Chatterji, 1933.

~ Mouth with three bilobed lips. Lateral fields each formed
of a single row of very large cells with stellate nuclei. Lateral
ale present in male in some species, sometimes extending
posteriorly as far as the cloaca. (Esophagus with a wvery
short pharynx and a posterior bulb. Tail of male ends in
a dorsal process. Three pairs of caudal papille usually
present, one of which is situated on the ventral surface of the
caudal process. A single spicule, sharply pointed. No
accessory piece. Vulva usually a little behind the middle
of the body. Uterine branches parallel. Eggs oval, not
containing embryos when laid. Adult worms in the alimentary
canal of lizards and tortoises.
Genotype :—Thelandros alatus Wedl, 1862.

Key to Species.

Parasite of Hemidactylug . .....ovvvneeiaias hemidactylus, p. 196.
Parasite of Calotes ......-esoeiivenasaaas maplestont, p. 195.
Parasites of Uromasti .....oevceciaciinnn .

1. Posterior end of male retractile within a cuti-

cular sheath. ... .-ccevressssrvesnnaanvay 2.

Posterior end of male without cuticular sheath, 3.

2, Spicule of male 0-08-0-09 mm. long......... micruris, p. 192.
Spicule of male 0:03-0:06 mm. long ........ baylisi, p. 194,

4. Male without lateral alm except in caudal
vegion ; spicule about 0-03-0:04 mm. long. . taylort, p. 194.

Male with lateral alm throughout greater part
of body ; spicule about 0:09-0-1 mm. long.. kasauli, p- 195.

1. Thelandros mieruris Rauther, 1918.  (Fig. 105.)

Synonym :—1'helandros alatus Thapar, 1925, nec Wedl, 1862.

Host ~—Uromastiz  hardwickii ; locality not given. This
lizard occurs in India, and the specimens recorded from it
and described by Thapar (1925) as 7'. alatus Wedl agree rather
with 7. micruris. T. alatus is a larger form occurring in
North African species of Uromastiz.

In Rauther’s description, as may be inferred from the
scale of magnification of the figures and from other internal
evidence, the measurements of total length and thickness
should be multiplied by 10. This gives the length of the male
as 2:7 mm. and that of the female as 5:3 mm., while the maxi-
mum thickness of the male is 0-25 mm. and that of the female
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0-5 mm. (Thapar gives these measurements as 3-5, 5-79.
0-22 and 0-25 mm. respectively). The cesophagus is slender
and occupies in the male 2/9, in the female 2/11, of the total
length. Its length, therefore, 18 0-6 mm. in the male and
about 0-96 mm. in the female (Thapar gives 0-62 and
0-82 mm.) The excretory pore is slightly prominent. In
the female it is situated close behind the cesophageal bulb,
dividing the body in the proportion of 1:4, and in the male
more posteriorly, dividing the body in the proportion of 2 : 3.
(According to Thapar, the pore is far behind the bulb in both
sexes, and lies at 1-19 mm. (male} or 1 mm. (female) from the
anterior end).

The cuticle of the posterior end in the male is inflated,
especially ventrally, so as to form a prepuce-like fold. The
cloacal aperture is situated on a conical process, and overhung
by two short, fringed processes. At the level of the cloaca

iiditbn

—

Fig. 105.—Thelandros micruris. Posterior end of male ; lateral view.
(After Rauther.)

on each side there is one single papilla and a more dorsally
situated double papilla. The caudal appendage also bears
a pair of very prominent papille. According to Thapar, the
spicule is needle-shaped and measures 0-08-0-09 mm. in length.

The tail of the female measures 1/14 of the total length
(0-37 mm., according to Thapar). The vulva is slightly behind
the middle of the body and is rather prominent, with an
overhanging anterior lip. The ovaries are confined to the
region anterior to the vulva. The eggs measure 0-10-05 mm.
(According to Thapar they measure 0-14<0-08 mm., and are
flattened at one pole. Chatterji (1935) gives their dimensions
as about 0:07 % 0-047 mm.)

NEM, 0
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The anterior branch of the uterus turng posteriorly after
running forward for a short distance, and both branches
terminate anteriorly. The eggs are asymmetrical and measure

0-07 % 0:032 mm.

3. (Genus THELANDROS Wedl, 1862.
Synonym :—Parapharyngodon Chatterji, 1933.

~ Mouth with three bilobed lips. Lateral fields cach formed
of a single row of very large cells with stellate nuclei. Lateral
ale present in male in some species, sometimes extending
posteriorly as far as the cloaca. (Esophagus with a very
short pharynx and a posterior bulb. Tail of male ends in
a dorsal process. Three pairs of caudal papille usually
present, one of which is situated on the ventral surface of the
caudal process. A single spicule, sharply pointed. No
accessory piece. Vulva usually a little behind the middle
of the body. Uterine branches parallel. Eggs oval, not
containing embryos when laid. Adult worms in the alimentary
canal of lizards and tortoises.
Genotype :—Thelandros alatus Wedl, 1862.

Key to Species.

Parasite of Hemidactylus . .« oooooveaneins hemidactylus, p. 196.
Parasite of Calotes ......... SATase e B rn s maplestoni, p. 195.
Parasites of Uromastiz ......veoieiiassnes X

1. Posterior end of male retractile within a cuti-

cularsheath, ............. B AT 2 R 24

Posterior end of male without cuticular sheath. 3.

2. Spicule of male 0-08-0:09 mm. long....... .. micruris, p. 192,
Spicule of male 0-03-0-06 mm. long ........ baylisi, p. 194,

3. Male without lateral ale except in caudal
region ; spicule about 0:03-0:04 mm. long. . taylori, p. 194.

Male with Iateral ale throughout greater part
of body ; spicule about 0-09-0-1 mm. long.. kasault, p. 195.

|. Thelandros micruris Rauther, 1918,  (Fig. 105.)
Synonym «—Thelandros alatus Thapar, 1925, nec Wedl, 1862.

Host —Uromastiz hardwickii ; locality not given. This
lizard occurs in India, and the specimens recorded from it
and described by Thapar (1925) as 7', alatus Wedl agree rather
with 7. micruris. 7. alatus is a larger form oceurring in
North African species of Uromastiz.

In Rauther’s description, as may be inferred from the
scale of magnification of the figures and from other internal
evidence, the measurements of total length and thickness
should be multiplied by 10. This gives the length of the male
as 2-7 mm. and that of the female as 53 mm., while the maxi-
mum thickness of the male is 0-25 mm. and that of the female
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0-5 mm. (Thapar gives these measurements as 3:5, 5:75,
0-22 and 0-25 mm. respectively). The cesophagus is slender
and occupies in the male 2/9, in the female 2/11, of the total
length. Its length, therefore, is 0:6 mm. in the male and
about 0-96 mm. in the female (Thapar gives 0-62 and
0-82 mm.) The excretory pore is slightly prominent, In
the female it is situated close behind the esophageal bulb,
dividing the body in the proportion of 1:4, and in the male
more posteriorly, dividing the body in the proportion of 2 : 3.
(According to Thapar, the pore is far behind the bulb in both
gexes, and lies at 1-19 mm. (male} or 1 mm. (female) from the
anterior end).

The cuticle of the posterior end in the male is inflated,
especially ventrally, so as to form a prepuce-like fold. The
cloacal aperture is situated on a conical process, and overhung
by two short, fringed processes. At the level of the cloaca
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Fig. 105.—Thelandros micruris. Posterior end of male : lateral view.
(After Rauther.)

on each side there is one single papilla and a more dorsally
gituated double pnpilluv. The caudal appendage also bears
a pair of very prominent papille. According to Thapar, the
gpicule is needle-shaped and measures 0-:08-0-09 mm. in lenoth.

The tail of the female measures 1/14 of the total leﬁgth
(0-37 mm., according to Thapar). The vulva is slightly behind
the middle of the body and is rather prominent, with an
overhanging anterior lip. The ovaries are confined to the
region anterior to the vulva. The eggs measure 0-1 % 0-05 mm.
(According to Thapar they measure 0-14<0-08 mm., and are
flattened at one pole. Chatterji (1935) gives their dimensions
as about 0-07 > 0-047 mm.)

NEM. ()
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9. Thelandros baylisi Chatterji, 1935.

Host :—Uromastix hardwickiz ; locality not given.

The male measures 2:5-3-7 mm. in length and 0:-175-
0-22 mm. in maximum thickness, the female 3-8-6-3 mm. and
0-3-0-66 mm. respectively. The cuticle is comparatively
coarsely striated, and forms broad annulations in the posterior
portion of the male. The cesophagus, including the bulb,
measures 0-65-0-8 mm. in length in the male and 1-1-62 mm.
in the female. The bulb has a diameter of about 0-098 mm.
in the male. The nerve-ripz, in the female, is situated at
about 0-16-0-22 mm from the anterior end. The excretory
pore is behind the esophageal bulb.

As in 7', micruris, the posterior end of the male is thickened
and the tail may be enclosed in a prepuce-like sheath of
cuticle. The tail is constricted at the level of the cloaca,
and its anterior portion bears a pair of small lateral al. The
anterior lip of the cloacal aperture is fringed, its posterior lip
conical and directed posteriorly. Of the two pairs of preanal
papille the posterior is the larger. The postanal pair is
situated at the base of the tail-spike. The spicule measures
0:03-0-06 mm. in length.

The tail of the female is 0-234-0-37 mm. long. The vulva is
situated considerably behind the middle of the body, at
1-26-2-2 mm. from the posterior end. Its anterior lip is
prominent. The ovarian coils are “ close to the level of the
vulva.” The eggs measure 0-08-0-098x 0:05-0-06 mm.

3. Thelandros taylori Chatterji, 1935.

Host —Uromastiz hardwickii ; locality not given.

The male measures 2-2-5 mm. in length and 0-15-0-22 mm.
in maximum thickness, the female 2:96-4 mm. and 0-21-
0-4 mm. respectively. Lateral al® are absent, except in the
candal region of the male. The cuticular striations are at
intervals of 7-12 1 in the male and 12-15p in the female.
The @sophagus measures, including the bulb, 0-62-0-84 mm.
in the male and 1-1-5 mm. in the female. The nerve-ring
is situated at 0-098-0-13 mm. from the anterior end in the mal(;,
and at 0-14-0-2 mm. in the female. The excretory pore 1S
behind the wsophageal bulb.

The tail of the male is 0:05-0-078 mm. long. It is suddenly
constricted at the level of the cloacal aperture, and forms
a dorsally-directed process with lateral ale extending for more
than half its length. Of the two pairs of preanal papille
the posterior is the larger. The postanal pair is situated at
the base of the tail-spike. The anterior lip of the cloacal
aperture is fringed ; the posterior forms a long, posteriorly-
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directed, conical process. The spicule measures 0-035-0-045 mm.
in length.

The tail of the female is finely pointed and 0-108-0-156 mm.
long. The vulva is situated at a distance of rather less than
0:5 mm. from the anus, and has a prominent anterior lip.
The vagina is 0-08-0-12 mm. long. The coils of the ovaries
are ‘“ on each side of the wsophageal bulb.” The eggs measure
0-08-0:095 x 0-047-0-065 mm.

4. Thelandros kasauli Chatterji, 1935.

Host :—Uromastixz hardwickii; locality not given.

Of this form Chatterji had only two males when drawing
up his description. These were in poor condition, and one
of them appeared to be immature. The mature male measured
2:32 mm. in length and 0-44 mm. in maximum thickness.
The females measured 3:35-7 mm. and 0:33-0-98 mm.
respectively. The male has a pair of lateral ala, originating
at 0-236 mm. from the anterior end. These are narrow
anteriorly, but gradually widen to about 0-04 mm. towards
the posterior end of the body. The cuticular striations are
at intervals of 15-30y in the male. The eesophagus measures
0-67 mm. in length in the male, 0-8-1-15 mm. in the female.
In the former the bulb measures 0-118x% (0137 mm., in the
latter 0-138-0-195<0-156-0-234 mm. The nerve-ring is
situated at about 0-14 mm. from the anterior end in the male,
and at 0:09-0-14 mm. in the female. The excretory pore is
behind the esophageal bulb.

The male appears to be without caudal ale. The two
anterior pairs of papille are of about equal size. The posterior
pair is situated at about the anterior third of the caundal
appendage. The anterior lip of the cloacal aperture is simple,
with projections only at the angles. The posterior lip is a
posteriorly-directed conical process. The spicule is 0-114 mm.
long.

The tail of the female is composed of an anterior blunt
portion and a slender terminal spike. These measure in
length 0-058-0-158 mm. and 0-078-0-11 mm. respectively.
The vulva is situated a little behind the middle of the body,
at 1-54-3-22 mm. from the posterior end. Its lips are more
prominent in young than in old specimens. The vagina is
0-156-0-4 mm. long.

5. Thelandros maplestoni (Chatterji, 1933).
Synonyms :—Oxyuris acanthura v. Linstow, 1904, nec Molin,
1859 ; Parapharyngodon maplestoni Chatterji, 1933,
Host :—Calotes versicolor (intestine and rectum) ; Rangoon,
Burma (Chatterji) ; Colombo, Ceylon (v. Linstow).
02
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There can be little doubt that the form briefly described
by v. Linstow (1904) is identical with that recently and
more fully described by Chatterji. In any case there appears
to be no justification for the erection of the genus Parapharyn-
godon, whose characters are the same as those of Thelandros.
The type-specimens of v. Linstow’s species should be in the
Colombo Museum, but have apparently been lost or destroyed,
and the writer has not succeeded in obtaining them for re-
examination.

According to Chatterji, the male measures 1-98-2:6 mm. in
length and 0-22 mm. in maximum thickness, the female
3-52 mm. and 0:36-0-45 mm. respectively. (According
to v. Linstow, the male is 2:29 mm. long and 0-37 mm. thick,
the female 5-84 mm. long and 0-55 mm. thick). The cuticle
is coarsely and deeply ringed. The length of the wsophagus,
including the bulb, is 0:45-0-54 mm. in the male, 0-83-1-03 mm.
in the female. The diameter of the bulb is 0:09-0-11 mm. in
the male and 0°15-0°198 mm. in the female. The nerve-ring
is situated at about 0-11 mm. from the anterior end in the
male, and at 0-13-0-152 mm. in the female. The excretory
pore, in the female, is at about 1-35 mm. from the anterior end.

The caudal end of the male is curved ventrally, and the
cloacal aperture is situated on a conical prominence at the
base of which there are two pairs of lateral papille, while
a third pair of papille is situated on the candal process. The
spicule measures 0:076-0-09 mm. in length (according to
v. Linstow, 0-065 mm.) !

The tail of the female is 0-3-0-4 mm. long, and its tip is
curved dorsally. The vulva, which has slightly prominent
lips, is situated approximately in the middle of the body, but
its position is rather variable. The vagina runs posteriorly
for a distance of about 0-34 mm. The ovarian tubes form
coils in front of the esophageal bulb. The eggs measure
0-08-0-091 > 0-042-0-05 mm.

6. Thelandros hemidactylus Patwardhan, 1935.

Host :—Hemidactylus flaviviridis (intestine) ; Nagpur, Cen-
tral Provinces.

The male measures 2:8-3 mm. in length and 0-24-0-28 mm.
in maximum thickness, the female 6-1-6-4 mm. a_ml 07—
0-76 mm. respectively. The cuticular striations are at intervals
of 31-37,. Lateral ale are absent. The mouth 18 sl}rmuuded
by three bilobed lips, each lobe bearing a small ]).il—pl"a‘. The
length of the wsophagus, ineluding the bulb, is (l-':u—(b-fxz mm,
in the male and 1-09-1-1 mm. in the female. The diameter
of the bulb is 0-1 mm. in the male and 0-2 mm. in ‘th(‘ female,
The lumen of the eesophagus is widened at its anterior end into
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a small funnel, at the entrance to which there are three small
teeth. The nerve-ring is situated at 0-:07-0-075 mm. from the
anterior end in the male, and at 0-13-0-14 mm. in the female.
The excretory pore is behind the @sophageal bulb, at 0-75 mm,
from the anterior end in the male, and 1-62 mm. in the female.

The caudal end of the male is curved ventrally, but the tail
is produced into a dorsally-directed process 0-079 mm. long.
There are no caudal ale. The anterior lip of the cloacal
aperture is not fringed. The posterior lip forms a prominent
conical process. There are four pairs of papille, one pair
large, lateral and situated at the level of the posterior cloacal
lip, and three pairs subventrally situated, one in front of the
cloacal aperture, one behind its posterior lip and one on the
caudal process at about its anterior third. The spicule is
stout and measures 0-051-0-056 mm. in length.

The tail of the female is stated to be only 0-079 mm. long,
but appears from the figure given to be over (-5 mm. long.
It is slightly curved dorsally and ends in a sharp spike. The
vulva has prominent lips and is situated at about the middle
of the body (at 3-3-2 mm. from the anterior end). The
ovarian tubes form a mass of coils round the cesophagus in
front of the bulb. The eggs are flattened on one side and
measure 0-081-0-094 < 0-041 mm.

7. * Oxyuris > megaloon v. Linstow, 1906.

Host :—Hemidactylus  leschenaulti  (intestine) ; Mamadu,
Ceylon.

Of this species v. Linstow gives only a very brief description.
Through the kindness of the Director of the Colombo Museum,
the writer has been enabled to examine the type-specimens.
These consist of three females, in rather poor condition.
They agree very closely with the female of Thelandros hemi-
dactylus Patwardhan, and it appears not improbable that the
species may be identical, but in the absence of males of
v. Linstow’s species this question must be left open.

The length of v. Linstow’s specimens is roughly 5-7 mm.,
and the maximum thickness (specimens somewhat flattened)
about 0:9-1-1 mm. The head is very small, having a diameter
of a littie over 005 mm. It npfmrcnlly consists of three
bilobed lips, each lobe bearing a papilla. The head is only
about one-third as wide as the immediately succeeding portion
of the neck, into which it is partially retracted. "T'he trans-
verse striations of the cuticle are coarse and very conspicuous,
the intervals between them measuring up to 40,

The eesophagus is about 1-3 mm, long, including the posterior
bulb, which measures about (-2 mm. in length and 0-26 mm.
in width. The anterior portion of the cesophagus is slender,
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its diameter increasing gradually from about 0:055 mm.
anteriorly to 0-08 or 0-09 mm. near the posterior end. It isg
joined to the bulb by a somewhat narrower neck. The
intestine is extremely wide (about twice the width of the
esophageal bulb) at the point of junction with the wsophagus,
but behind this initial swelling it becomes rapidly reduced
in diameter.

The tail is conical, and does not show a sudden narrowing
behind the anus, though it tapers more rapidly in its anterior
than in its posterior half. Tts length is about 0-45-0-55 mm.
The cuticle of the tail is much thickened. The terminal
portion curves slightly dorsally, and the tip is bluntly pointed.
The vulva is situated somewhat in front of the middle of the
body. The vagina runs posteriorly from it. Owing to the
condition of the specimens and the great numbers of eggs in
the uterus, it has not been possible to make out the precise
arrangement of the genital tubes. The uterine coils extend
anteriorly as far as the junction of the wsophagus and intestine,
and posteriorly beyond the anus into the basal portion of the
tail. The ovarian tubes extend anteriorly to about the middle
of the @sophagus, forming a mass of coils round it in front of
the bulb. The eggs measure about 0-0883<0-045 mm. Their
outline, as seen in optical section, is almost straight on one
side and very convex on the other. The shell shows fine
vertical striations.

4. Genus SYPHACIA Seurat, 1916.

Lips distinct. Buccal capsule absent. (Esophagus with
a short pharynx, a prebulbar swelling and a distinct posterior
bulb. In the male there are on the ventral surface of the
body, in front of the cloacal aperture, two or three large median
bosses. Tail of male narrows rather suddenly behind the
cloacal aperture and is continued as a tapering filament.
Two pairs of sessile preanal or adanal papille present, and
a pair of prominent postanal papillse at the base of the caudal
filament. A gingle relatively long spicule and an accessory
piece present. Tail of female tapering and pointed. Vulva
in the anterior region of the body but postcesophageal. Com-
mon trunk of uterus relatively long. Uterine branches
parallel, not. extending posteriorly as far as the anus. Adult
worms parasitic in the large intestine of rodents.

Genotype :—Syphacia obvelata (Rudolphi, 1802).

1. Syphacia seiuri Mirza and Singh, 1934,

Host :—Palm-squirrel (Sciurus palmarum): locality not
mentioned.

=
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The male measures 1-3 mm. in length and 0:08 mm. in
thickness, the female 2:46-3-24 mm. and 0-19-0:23 mm.
respectively. Small lateral cervical ale are present. In the
male there is also a pair of lateral al® extending from behind
the eesophageal bulb nearly to the level of the cloacal aperture.
The wsophagus (presumably in the female) measures, including
the bulb, 0-24 mm. in length.

The male has two ventral bosses, and is also described as
having a dorsal boss behind the posterior of these. The
spicule is 007 mm. long. * The gubernaculum is directed
transversely.”

The vulva is situated at a distance of 0-61 mm. from the
anterior end. The eggs measure 0-11< 0-04 mm.

2. Syphaeia spp.

The writer has examined specimens belonging to this genus
from the house-mouse (Mus musculus [M. dubius]) from
Colombo, Ceylon, and from the black rat (Rattus rattus) from
Lyallpur, Punjab. These appear to represent different
species. Those from the former host may be S. obvelata
(Rudolphi, 1802), but in view of the confusion at present
existing between this species and S. sfroma (v. Linstow,
1884) it seems wise not to attempt a specific determination.

S. stroma had long been regarded by most authorities as
identical with 8. obvelata, but Morgan (1932) has pointed out
certain differences between the males, and given a new
description of S. stroma. Unfortunately he gives no descrip-
tion of the female of . obvelata, and the descriptions given by
Dujardin (1845), v. Linstow (1884), Hall (1916), Seurat (1916)
and Vogel (1925), all purporting to deal with S. obvelata, are
probably based, at least in part, on specimens of S. stroma.
No Indian records of either species have been found in the
literature.

The specimens from Mus musculus have the following
principal measurements :—Length, male, about 1-3 mm.;
female, 2:7*-4-4 mm. Maximum thickness (under slight
pressure), male, 0-13 mm. ; female, 0-14-0-26 mm. Cuticular
striations at intervals of 6-8pu. Length of asophagus (in-
cluding the bulb), male, 0-22-0-24 mm. ; female, 0-29-0-35 mm.
Width of bulb, male, 0-055-0:06 mm.; female, 0-:085-0-1 mm.
Nerve-ring about 0:08 mm. from anterior end in male, 0-12 mm.
in female. Excretory pore 0-28 mm. from anterior end in
male, 0-4-0-47 mm. in female. Tail of male about 0:09 mm.
long, spicule about 0-09 mm. and accessory piece about

* Females of the smallest size given had already been fertilized, but
wore without eggs.
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0-032 mm. Tail of female 0-33-0-46 mm. long. Vulva
0:58-0-71 mm. from anterior end. Eggs 0:12-0-13 < 0-036—
0-04 mm.

In the males the tail resembles that of S. obvelata rather than
that of S. stroma, as described and figured by Morgan. The
typical three ventral cuticular * bosses ” are present, the
posterior being situated at about 0-25 mm. from the cloacal
aperture,

The specimens from Rattus rattus consisted of three females
only, of which the following are the principal measurements :—
Length 2-3-2-8 mm.; maximum thickness 0-18-0-2] mm. ;
length of cesophagus (including the bulb) 0-25-0-28 mm. ;
width of bulb 0-06-0-08 mm. ; nerve-ring about 0-08 mm. and
vulva 0-6-0-68 mm. from anterior end ; length of tail about
0-4-0-5 mm. ; eggs about 0:07 % 0-03 mm.

The eggs of this form are much shorter and more oval than
those of * 8. obvelata ” or S. stroma, and it seems probable
that it is specifically distinct.

Subfamily COSMOCERCINA Railliet, 1916.

Lips apparent or obscure. Male with two equal or subequal
spicules and usually an accessory piece.

Of the two genera of this subfamily to be considered here,
Oxysomatiwm is parasitic in amphibians and reptiles,
Syphaciella in birds.

1. Genus OXYSOMATIUM Railliet and Henry, 1916.

Synonyms :—Ozysoma Schneider, 1866 (part) ; Aplectana of Yorke
and Maplestone, 1926 (nee Railliet and Henry, 1916) (part);
¥ Oaysomoides Walton, 1927.

Lips small, sometimes not apparent, (FEsophagus with
a short pharynx and a posterior bulb. Caudal end of male
tapering and pointed, with fairly numerous sessile preanal
and postanal papille. Spicules equal, relatively long. A small,
canoe-shaped accessory piece present. Vulva at about the
middle of the body or somewhat behind it. Eggs contain
embryos when laid (some species viviparous). Adult worms
in the alimentary canal of amphibians and reptiles. _

Genotype :—Oxysomatium  brevicaudatum  (Zeder, 1800)
(=0. longespiculum Railliet and Henry, 1916).
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1. Oxs(tfomatium macintoshii (Stewart, 1914) Karve, 1927.
Yig. 106.)

Synonyms :—Oxysoma macintoshii Stewart, 1914 ; Ozysomoides
macintoshis Walton, 1927.

Hosts :—This species is abundant in the rectum of frogs
and toads—Bufo stomaticus, Lucknow (Stewart):; Bufo

!

s y

simm,

O«rmm.

Fig. |00.-0.zgﬁ;somalium macintoshii. A, posterior end of male, lateral
view ; B, cloacal region of male, ventral view. (After
Karve.)

melanostictus, India and Burma (Karve); Rana (tigrina,
Lucknow (Stewart), India and Burma (Karve).
0. macintoshii also occurs in Africa, having been recorded
from Nectophrynoides vivipara in Tanganyika Territory
and from Bufo spp. (subsequently determined as B. viridis
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and B. mauritanicus) in the southern Sahara region and Niger
valley.

This form has been fully redescribed by Karve (1927),
whose account of it is followed here. The male measures
2-2-47 mm. in length and about 0-26 mm. in maximum
thickness, the female 3-6 mm. and about 0-1-0-34 mm.
respectively, The head is retractile. Lateral ala extend
throughout the greater part of the body. The total length
of the esophagus, including the bulb, is about 0-34-0:35 mm.
in the male and 0-43-0-56 mm. in the female. The pharynx
i§ 0:016-0-019 mm. long in the male and about 0-024 mm.
in the female. At its entrance there are three tooth-like
structures. The csophageal bulb is subglobular and has
a diameter of about 0-059-0-075 mm. in the male and 0-062—
0-11 mm. in the female. The nerve-ring is sitnated at 0-24—
0-38 mm., and the excretory pore at 0-28-0-5 mm., from the
anterior extremity. The excretory pore is a conspicuous
aperture with a diameter of 0:024-0-04 mm., and is surrounded
by a crown of rod-like structures about 0-01 mm. long.

The tail of the male measures 0-26-0-3 mm. in length.
There are 18 pairs of postanal papill@, of which eight are sub-
dorsal and ten subventral. The preanal papill& number nine
pairs, of which three, with the two most anterior pairs of
postanal papillz, form a subventral group surrounding the
cloacal aperture, while six form a sublateral row on each side
of the body. The spicules measure about 0-24 mm. in length.
The accessory piece is 0-0224-0-032 mm. long.

The tail of the female is 0:35-0-41 mm. long, narrows
rapidly behind the anus and ends in a tapering filament.
It bears two pairs of papille. The vulva is situated at about
the middle of the body. The vagina runs anteriorly from it
for a short distance, then turns posteriorly and, at a point:
about 0-5 mm. behind the vulva, gives off the two opposed
uterine branches. The eggs, according to Karve, * are large
and irregular, and measure 0:3-0-337 %< 0-187-0-225 mm.
The worm is viviparous and deposits on an average (WO
larve every fifteen minutes in normal salt solution.”

2. Genus SYPHACIELLA Monnig, 1923.

Mouth with three distinct bilobed lips. Cuticle of head
inflated. Cervical ale present. (Esophagus with a slight

rebulbar swelling and a large posterior bulb. Male with \\.'nle
caudal ala, beyond which the tail extends as a terminal spike.
About four pairs of small, sessile candal papille present,
all of which are near the cloacal aperture, Spicules subequal.
An accessory piece present. Vulva anterior, posteesophageal,
surrounded by a prominent cuticular swelling. Common



- trunk of uterus extends posteriorly almost to the level of the
anus. Uterine branches parallel. Eggs with a thick, striated
shell, operculate at one pole. Adult worms in the alimentary
canal of birds. el

Genotype :—Syphaciella capensis Ménnig, 1923. T

'3, 1. Syphaciella indica Maplestone, 1931. (Fig. 107.)

. Host :—Sand-grouse (Pterocles exustus) (intestine); Zoo-
- logical Gardens, Calcutta. v,
- The male measures 3-4 mm. in length and about 0-29 mm.
~ in maximum thickness, the female 5-5-6-6 mm. and 0-38-
~ 04 mm. respectively. The cephalic inflation measures, in ;
v - .
" -8
9

i
N

Fig. 107.—Syphaciella indica. Posterior end of male ; ventral view.
(After Maplestone.) g

- the female, 0:168-0-184 mm. in length. Lateral ale are
- present throughout the body, extending, in the male, beyond
~ the tip of the tail. The dorsal lip bears on its inner surface
~ two finely-pointed structures which project anterior
 Externally the dorsal lip bears two papille, each of the ventr
- lateral lips one papilla. The cesophagus is slender,
~ measures in total length 0-49-0-51 mm. in the male and &
' (0-67 mm. in the female. The bulb is relatively very la
~ The male has four pairs of very small caudal papillae.
spicules measure 0084 mm. in length, the a
0-037 ‘mm. “The spicules are delicate and strai
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proximal ends are rounded, from which they taper to end in
fine points. The gubernaculum is more heavily chitinized,
and in lateral view it is seen to be a slightly curved structure,
which tapers from base to tip in a similar manner to the
spicules.”

The tail of the female is about 1 mm. long and ends in a long,
fine point. The vulva is situated at about 1-4 mm. from the
anterior end. *““The eggs are oval and thick-shelled, appearing
slightly thicker on one side than on the other. The shell
is very finely striated and at one pole, where there is an
operculum, it is slightly flattened.” The size of the eggs is
not given, but from the figure they appear to be slightly more
than 0-1 mm. long and nearly 0-06 mm. wide.

This species differs only in very small details from S. capensis
Monnig, 1923, which is recorded from closely-related birds
in South Africa.

OXYURIDAZ OF UNCERTAIN POSITION,
(** Oxyuris *’ sens. lat.)
Under this heading must be mentioned certain species
which have not yet been adequately described, and who:e
systematic position cannot at present be decided.

1. “ Oxyuris** sciuri Hall, 1916.
Synonym :—"* Oxyuris sp. ? " Parona, 1889.

Host :—Sciurus atridorsalis; Kokarit, Tenasserim. Parona
states that the worms were found in the nostrils and mouth,
but expresses the opinion that they must in reality have come
from the stomach or, more probably, the intestine.

The male is unknown, and Parona’s very brief description of
the female is insufficient to enable the species to be assigned
to a modern genus.

The female, according to Parona, is 17 mm. long and
0:049 [? 0-49] mm. in thickness. The body is much attenuated
posteriorly. The head is without lateral dilatations. The
mouth has papille and distinet internal folds. The cesophageal
bulb is described as having two swellings, the anterior situ-
ated at 0:75 mm. from the ** buccal atrium ** and having a
transverse diameter of 0-07 mm., and the posterior measuring
0-021 [?0-21] mm. in diameter. Hall (1916) interprets the
anterior swelling as the posterior end of the msophagus proper
(i. ¢. a prebulbar swelling) and the posterior swelling as the
real bulb. In this he is probably correct. The anus is said
to be * terminal,” but Parona also states that the tail termi-
nates, behind the anus, in a spike 004 mm.] ong. The vulva
is situated at 6 mm. from the anterior end. The ovary is
very long, and the oviduct narrow and closely coiled.
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2. ‘* Oxyuris ” longicaudata Meyer, 1896.

Host :—A Myriopod (Julus sp.) : Ceylon.

According to Parona (1898) this species is synonymous with
his own * Oxyuris” sumatrensis (1896), from Platyrhacus
modiglianii in Sumatra. A comparison of the descriptions
given by Meyer and Parona does not seem to support this
view, although there are certain resemblances which suggest
a possible generic relationship between the two species. In
both cases the male is unknown.

The female, in Meyer's species, measures 5:5-6 mm. in
length and 0-5 mm. in thickness. The cuticle is transversely
folded. ““The almost funnel-shaped buccal cavity leads to
a small chitinous ring, and on the inner surface of the mouth
one observes three quadrangular chitinous plates, joined at
their bases by the ring.” The csophagus occupies one-
seventh of the total length. The bulb is globular and much
wider than the csophagus proper. The tail is 1 mm. long,
narrows suddenly behind the anus and runs out to a sharp
point.. The vulva is situated at about the middle of the body.
The vagina is short and runs forward. The uterine branches
are parallel and anterior. The coils of the ovarian tubes
extend forward nearly as far as the wsophagus, and POSte!’lof'l.V
to the beginning of the rectum. The eggs are oval, with
thick shells which become thinner at both poles, and measure
0:0675< 0-038 mm.

3. ““ Oxyuris ” sp. Parona, 1889,
Host :—Calotes sp. ; Jado, Carin Mts., Burma. 1
Concerning this species Parona states that the female 1s
20 mm. long ; the head has lateral membranes ; the msophagez}l
bulb is large and measures 1/17 mm. in length ; the tail is
very slender, with a long terminal spike ; the vulva is in the
anterior third of the body,

4. % Oxyuris”’ sp. Shipley and Hornell, 1904.
Host :—Pearl oyster (Margaritifera vulgaris) (intestine)

Ceylon. ’ . { :
This species was “ met with but twice, and both specimens

were unfortunately lost. They measured barely § inch in
length.”

APPENDIX 710 Famiry OXYURIDZE,

1. % Oxyuris” compar Leidy, 1856.
described by Leidy from the small intestine

This species, [ \ ; .
United States of America, is of somewhat

of a cat in the
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doubtful status. According to Hall (1922), Leidy’s specimens
were probably examples of Passalurus ambiguus, a parasite
of rabbits, and had been accidentally swallowed by the cat.
Price (1930), however, who has examined some of Leidy’s
original female specimens, considers 0. compar a good species,
and refers it to the genus Wellcomia Sambon, 1907. He still
appears to think it a “ pseudopnrasite " of the cat, derived
from some wild mammal. Baylis and Daubney (1922
doubtfully referred to O. compar a single specimen obtained
from a cat in Calcutta. This specimen, kindly lent to the
writer by the Director of the Indian Museum for re-examina-
tion, proves to be a female of some species of Heteralkis.
It is almost impossible to distinguish between the females
of many of the species of Heterakis occurring in Indian birds,
and no attempt has been made to assign this specimen to
any of them. It was doubtless derived from a chicken or
other bird whose viscera had been eaten by the cat.

5. Family ATRACTIDA Travassos, 1920.

Small parasitic forms in which the lips may be three or
six, but are sometimes not apparent. A pharynx is usually
absent. The three-lippde forms may possess eversible jaws
or fringes of bristles. The cesophagus consists of a relatively
short, cylindrical or club-shaped, muscular, anterior portion
and a pyriform, granular, posterior bulb, with a long neck which
is sometimes narrower than the anterior portion. Cervical
ale are absent. The tail of the male is without ale. The
reproductive organs are of a simple type. The male has two
spicules. The vulva is close to the anus. The female genital
tube is single. The eggs are few and very large. The worms
are viviparous.

Key to Genera.

Parasites of horse tribe and rhinoceroses ; with

three complex lips, each having two eversible [p. 209.

* jaws *! bearing rows of bristles .......,.... CROSSOCEPHALUS,
Parasites of reptiles or fishes ; with six simple

P R feieratacetae R AT Rt 2L R 1

1. (Esophagus with stout, cylindrical anterior
portion with thick cuticular lining, and flask-
shaped posterior bulb .....covieaaeiiiaai, ATRACTIS, p. 207,
(Esophagus with short, muscular, anterior
portion and longer, partly glandular, posterior Lp. 210.
portion forming a small bulb at its hinderend., MONHYSTERIDES,
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1. Genus ATRACTIS Dujardin, 1845.

Lips apparently six, not very distinct. (Esophagus consists
of a stout, cylindrical anterior portion with a thick cuticular
lining, and a flask-shaped bulb whose neck is narrower than
the anterior portion. Tail of male narrowed behind the cloacal
aperture to form a tapering filament. Eight to ten pairs of
caudal papillz present, of which four pairs are preanal or
adanal. Spicules unequal and markedly dissimilar. A tubular
accessory piece present. Tail of female conical. Adult
worms parasitic in the intestine of lizards and tortoises.

Genotype :—Atractis dactyluris (Rudolphi, 1819).

Key to Species.

PARrasi o 0f TOTTOUIO0L o te sinte o wies ateletsis cterobetele sloyetart granulosa, p. 207.
Parasite of Iguanas. ... .. covivieriearsrassann opeatura, p. 208.

1. Atractis granulosa (Railliet and Henry, 1912) Thapar, 1925.

Synonym :—Afractis dactyluris (Rudolphi, 18189) var. gran ulosa
Railliet and Henry, 1912,

Host .-—Testudo emys (intestine); locality not stated
(this tortoize occurs in Assam and Burma). The type host
of A. dactyluris (Rud.) is the European tortoise, Testudo graca.
Unfortunately the older descriptions of 4. dactyluris are
inadequate, and there are considerable discrepancies bcpwegn
the various more recent accounts purporting to deal with it,
some of which have been based on other than European
material. Baylis and Daubney (1922) recorded young female
specimens, assumed to be of this species, from the intestine (_)f
Testudo elongata at Baradighi, Jalpaiguri, Bengal, but 1t
appears questionable whether the typical form of 4. dactyluris
occurs in India. Thapar (1925), in describing what he regards
as A. dactyluris from Testudo tabulata (a South American
tortoise), quotes as a synonym ‘‘Afractis granulosa Railliet
and Henry.” It appearsalmost certain that the form described
by Railliet and Henry is distinct from that of Thapar, and
doubtful whether it is identical with the BEuropean form.
It seems advisable, therefore, to treat it here as an independent
species, under the name of 4. granulosa.

The following characters are taken from the description by
Railliet and Henry.

The male measures 4:7-5.25 mm. in length and 0-2-0-22 mm.
in maximum thickness, the female 5-5:7 mm. and 0-32-
0-35 mm. respectively. The cuticular striations are Very
fine. There are six lips, each bearing a papilla. The @S0
phagus occupies 1/9 to 1/7 of the total length, measuring 11
the male 0-73-0-775 mm. and in the female (-75-0-815 mm.
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Its anterior portion is the longer, occupying about 4/7 of its
total length, and is hexagonal in section, with a thick cuticular
lining. The excretory pore is situated behind the csophagus,
at 1-1-18 mm. from the anterior extremity, and leads into
a bladder with thick, striated walls.

The posterior half of the male is curved. On each side of
the mid-ventral line, in the posterior region of the body, there
is a yellowish longitudinal band, composed of closely-set
“ chitinous punctuations.” The bands are irregularly inter-
rupted in one or two places. The tail measures 0-5-0-525 mm.
in length, and is narrowed in its posterior third to form a
tapering filament. The lips of the cloacal aperture are some-
what prominent. There are ten pairs of caudal papille
(six postanal and four preanal). The first, fourth and sixth
papilla from the posterior end on each side are laterally placed.
The spicules are unequal, the longer being slender and measuring
0-415-0-5 mm. in length, the shorter 0-106-0-118 mm. long,
stouter and strongly chitinized, shaped like a claw with
a blunt point and provided with a small ala. The accessory
piece is conical and hollow, and measures 0:126-0-13 mm. in
length and 0-028 mm. in width at its base. It has an aperture
8-9 p wide at its tip.

The tail of the female measures 0-55-0-65 mm. in length.
The vulva is situated at a distance of about 0-09 mm. from the
anus. The uterus sometimes contains one or two large,
ellipsoidal eggs measuring 0-48-0-53<0-2-0-225 mm. Embryos
were not seen.

9. Atractis opeatura Leidy, 1891. (Fig. 108.)

Synonyms :—Atractis (Ascaris) opeatura Leidy, 1891; Atractis
subulata Coll. Leidy, in Stiles and Hassall, 1804 ; Atractis
cruciata v. Linstow, 1802,

Hosts :—This species is a parasite of the intestine of iguanas,
which are not natives of India, but of South America and
other parts of the world. It has been recorded by Baylis and
Daubney (1922) from an iguana in captivity in the Zoological
Gardens, Calcutta.

The male measures 4-5 mm. in length and 0-2-0-28 mm. in
maximum thickness, the female 5-6-22 mm. and 0-29-0:35 mm.
respectively. The body of the male is spirally coiled, at least
in the posterior half. That of the female is not coiled. The
cuticular striations are at intervals of about 1-6u, and are
conspicuous only in the cesophageal region. There are six
lips, each having a finger-shaped pulp and an apical papilla.
The sophagus cccupies about 1/6 to 1/5 of the total length.
Its anterior portion is slightly the longer. The excretory
pore, which is surrounded by a crown of chitinoid rods, is
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slightly in front of the wsophageal bulb, according to Railliet
and Henry, or at 0-79-0-88 mm. from the anterior end
according to v. Linstow. The nerve-ring is sitnated at the
junction of the two portions of the cesophagus, and the cervical
pu[l)illae just in front of this point, at 0-48 mm. from the anterior
end.

The tail of the male measures 0-375 mm. in length according
to Leidy, or 1/16-3 of the total length according to v. Linstow.
There are eight pairs of caudal papille (four postanal, one
adanal and three preanal). The three most posterior pairs

Fig. 108.—Atractis opeatura. Posterior end of male ; lateral view.
(After v. Linstow.)

form a group, of which one is dorsally situated. The spicules
are transversely striated. The longer measures 0-42-0-44 mm.
in length and 0-03 mm. in thickness, the shorter 0-19-0-29 mm.
and 0-014 mm. respectively. The accessory piece is tubular
and 0:1-0:176 mm. long.

The tail of the female measures 0-6-0-7 mm. in length.
The vulva is situated at a distance of 0-3 mm. from the anus.
The uterus contains eggs with a membranous shell, measuring
0-18-0-195¢ 0:062-0-079 mm., and also embryos, already
hatched, measuring 2:15-2-4 mm. in length and 0-12 mm. in

thickness.
9. (Genus CROSSCCEPHALUS Railliet, 1909.

Synonymn «—Pterocephalus v. Linstow, 1899, nec Schneider, 1887.

Mouth with three distinet lips, each bearing two chit_inoid
j Each jaw with a terminal tooth and a row of bristles

Jaws. y I \
externally. The jaws are eversible, and when inverted are
h £

NEM.
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lodged in the anterior part of the lumen of the wmsophagus.
Behind the lips a cuticular collar bearing a pair of prominent,
horn-like lateral papille. Tail of male bluntly conical.
Up to ten pairs of rather small caudal papillz present. Spicules
unequal. No accessory piece. Tail of female narrows
suddenly behind the anus and tapers to a fine point. Adult
worms in the alimentary canal of Perissodactyle mammals
(horse tribe and rhinoceroses).
Genotype :—Crossocephalus viviparus (v. Linstow, 1899).

1. Crossocephalus brevicaudatus Baylis and Daubney, 1923.

Host :—Indian rhinoceros (Rhinoceros unicornis [R. indicus))
(stomach) ; Nepal terai, India.

The male of this species is unknown. The following
description of the female is taken from Baylis and Daubney
(1923, b) :—

“The specimens measure from 5-3 to 6-2 mm. in length
and up to 0-4 mm. in maximum thickness. The head has the
usual characteristics of the genus. Tt is furnished with three
pairs of armed jaws, and a pair of very prominent ear-like
papille on the cuticular collar. No cervical papille have
been seen. The w@sophagus is from 0:945 to 0-955 mm. long.
The excretory pore is situated at 1-22 to 135 mm. from the
anterior end. Its lips are surrounded by a prominent,
wrinkled, cuticular swelling, and connected with the pore is
an ovoid bladder measuring about 0-13 mm. > 0:08 mm.

“The tail is short and blunt, measuring about 0-25 mm.
The vulva is situated about 0-13 mm. jn front of the anus.
The uterus contains from six to eight embryos, varying in
gsize according to the degree of theirdevclopmcxft, but extremely
large in the later stages.” A

3. Genus MONHYSTERIDES Bayliz and Daubney, 1922,

Mouth with sgix small lips. (Esophagus with a short,
muscular, anterior portion and a l(mger, partly glandular,
posterior portion, the hinder end of which forms a small bulb.
Caudal end of male tapering, with a few pairs of small papilla
(in the genotype five pairs postanal and four pairs preanal).
Spicules tubular. Accessory piece small or absent. Adult
worms in the alimentary canal of fishes and freshwater
tortoises.

Genotype :—Monhysterides piscicola Baylis and Daubney,
1922, J ¥
Key to Species,

Parasite of fish .. ., ;

S AL g
Parasite of tortoise. . .. . 432 ephsiooid, p, 311

----------- oo kachuga, p. 213,
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1. Monhysterides piscicola Baylis and Daubhey, 1922,
(Figs. 109 & 110.)

Host :—Mahseer (Barbus tor); Torsa River, Falakata,
Eastern Bengal.

The male measures 3-54 mm. in length, the female 3-7-
44 mm. The maximum thickness is 0-15-0-2 mm. The body
is slender and tapering towards each extremity, the middle

Fig 109.—Monhysterides piscicola. Anterior end of female ; Iatoral
- view. ¢., excretory pore ; aeb., esophageal bu]ly, (After
Baylis and Daubney.)

region being relatively stout. The cuticulu}r striations are

exceedingly fine. Tlge diameter of the hqad i8 0:03-0-04 mm.

The cesophagus consists of a short anterior portion which is

transparent and purely muscular, and a longer posterior

portion which is granular in appearance, but also 2muscula,r,
s
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and is swollen behind. The anterior portion is about 0-2 mm.
long, and is divided near its posterior end into two parts of
slightly different histological appearance. The posterior por-
tion, which may be regarded as a very elongate bulb, measures
about 0-32 mm. in length and 0-065-0-09 mm. in maximum
thickness. The nerve-ring surrounds the neck of the bulb
near its origin, at a distance of about 0-22 mm. from the anterior
end of the body. The excretory pore is situated at about
0-4 mm. from the anterior end.

The tail of the male is 0-34 mm. long and tapers to a very
fine point. Of the five pairs of postanal papille, two are lateral

Fig. 110.—Monhysterides piscicola. Posterior end of male; lateral
view. L, left spicule; r., right spicule. (After Baylis
and Daubney.)

and three subventral. The four pairs of preanal papille are
placed very close together just in front of the cloacal aperture,
and these and the most anterior pair of postanal papille are
subventral and prominent. The left spicule measures 0-21 mm.,
in length and has a bluntly rounded tip. The right spicule
is more pointed and measures only 0-08 mm. There is no
accessory piece,

The tail of the female is finely tapering and measures
0-55-0-65 mm. in length. The vulva is situated at about
0-45 mm. from the anus, and the uterus and ovary are single,
The latter is situated anteriorly, and is reflexed at about
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1-2 mm. from the anterior end. The worm is viviparous,
the embryos being at first enclosed in large, oval, membranous
shells, measuring 0-275 0-125 mm., but subsequently hatching
in utero. The voluminous uterus may contain at one time
some 15 to 20 eggs, containing embryos in various stages of
development, and about four or five free embryos. The
latter are about 1 mm. long, or roughly a quarter of the length
of the parent.

2. Monhysterides kachuga (Stewart, 1914).

Synonym :—Atractie kachug= Stewart, 1014,

Host :—Kachuga kachuga [K. lineata] (intestine) ; Lucknow.

The male measures 224 mm. in length and 0-044 mm. in
maximum thickness, the female 2:17-3:06 mm. and 0:04—
0-077 mm. respectively. * The head bears a circle of six lips—
two lateral with simple peg-like pulpa and four submedian
which possess a pulpa of a curious cross-like figure springing
from a thick pedestal.” Lateral ale extend from the level
of the posterior end of the wsophagus to behind the anus.
The cesophagus is 0-349-0-459 mm. long. Its anterior portion
is muscular and measures 0-15-0-17 mm. in length, including
a short * pharynx,” 0-005 mm. long. Its posterior portion,
or bulb, is granular and measures 0:199-0-255 mm. in length.

The tail of the male is 0-374 mm. long. There are three

airs of caudal papille (two pairs preanal, one postanal).
The left spicule measures 0-187 mm. in length and 0-005 mm.
in thickness, and is tubular and tapering, with a slightly
expanded root. The right spicule is 0-0925 mm. long
and 0-0042 mm. thick, and is * nail-shaped with a distinct
closed head.”

The tail of the female measures 0:493-0-731 mm. in length.
The vulva is situated at a distance of 0-102 mm. from the anus,
and has slightly prominent lips. In mature specimens the
uterus contains from six to eight embryos, which are never
coiled or enclosed in a shell.
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6. Family RHABDITIDA Micoletzky, 1922.

Small forms, free-living or parasitic, or with both free-living
and parasitic phases, with a three-sided, prismatic or tubular
buccal cavity, usually without teeth. (Esophagus usually
with a posterior bulb containing valves, and frequently also with
a prebulbar swelling. Cuticle without bristles, or with very
few. Reproductive organs simple. Oviparous or viviparous,
not infrequently parthenogenetic or hermaphrodite.

Subfamily RHABDITINA Micoletzky, 1922.

Buccal cavity elongate, typically a three-sided tube without
tooth-like structures. Lateral organs and caudal gland
generally absent. Excretory system typically in the form
of lateral canals. Testis usually single.

Of this subfamily the two genera to be considered here have
a parasitic phase—Rhkabdias in the lungs of amphibians and
reptiles, Strongyloides in the intestine of vertebrates.

1. Genus RHABDIAS Stiles and Hassall, 1905.

Synonyms —dngiostoma Dujardin, 1845 (part); Angiostoma and
Angiostomum auctt. (part); Leptodera Schneider, 1866 (part),
nee Dujardin, 1845 ;3 Khabdonema Leuckart, 1879 (part).

Free-living generation.—Microscopic forms. Sexes separate.
Body fairly stout. A short buecal capsule present. (Esophagus
with a fusiform prebulbar swelling and a pyriform posterior
bulb. Tail of male conical, with a short terminal spike and
narrow lateral ale. A few pairs of caudal papille present
(typically four pairs preanal and three pairs postanal), all
laterally placed. Spicules equal, short and stout. Ap-
parently no accessory piece. Tail of female conical. Vulva
somewhat behind the middle of the hody. Uterine branches
opposed. Eggs very few and large. Embryos hatch within
the uterns and are retained until the death of the female. !

Parasitic generation—Much larger than the free-living
generation, and consisting of “ female " forms only, which
are probably protandrous hermaphrodites. Body rather
slender. A short, cup-shaped buccal capsule present. (Fso-
phagus cylindrical, sometimes with a slicht constriction at
about the middle, but without a posterior bulb. Tail conical,
Vulva near the middle of the body, opening directly into
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the uterus, which has two opposed branches. Ovaries reflexed.
Eggs segmenting or containing an embryo when laid. A_dulfn
worms (parasitic form) in the lungs of amphibians and rept'l.les s
free-living stages in the fieces of these animals or in the soil.

Genotype :—Rhabdias bufonis (Schrank, 1788).

I. Rhabdias escheri Baer, 1930.

Host :—A ccecilian (Uraotyphlus oxyurus) (body-cavity) ;
Palni Hills, South India.

Of this species the parasitic form only is known. The
specimens were immature, and measured 5-6 mm. 1 length
and 0:25-0-26 mm. in maximum thickness. The cuticle
is very thin, and has fine transverse striations, visible m:}mly
in the osophageal region. The buccal cup§1118 mea:-lTu‘lCS
0-0145 mm. both in length and in internal du-,_meter. 2 lllf]f
sophagus is 0-5 mm. long, and increases in thickness Ois
0-05 mm. anteriorly to 0-07 mm. posteriorly. The r!ervc-!'mgn
situated at about its anterior third. The rectum 13 O'OSt lililis.
long, and three large rectal glands open into it. Tlllje 8”‘%
bluntly conical and measures 0-12 mm. in length. The vt n&
is said to be situated at about 0-15 mm. from the &ptﬁﬂ.()" e
of the body, but is figured as being at about the middle.

2. (Genus STRONGYLOIDES Grassi, 1879.

Svnonvms :—Rhabdonema Leuckart, 1879, et u\lcft-- (pa

* rhabditis Perroncito, 1880, nec Sziits, 1912 ; Stercord
1010,

Free-living (*° rhabditiform ) gcneration.—Micn‘Oﬁcop}C for(lil:\-‘:"
comparatively stout. Sexes separate. Mouth smrou&)m
by six papille. A short, cylindrical buccal cups.ulc i-)]t-‘bwitl;
(TISUph:ig:llS club-s!mpc(l, connc?tcd‘by a Narrow nle( \nim :
a pyriform posterior }mlb. Tail of m:.110 s_hort- aml C.O iH;e-
Caudal papille few, including one pair of preana px'\p.mt
Spicules short, stout and equal. An accessory piece I)]lfb-m(.
Tail of female somewhat longer than that of the ma L,) ;in"
tapering. Vulva near the middle of the body. ()';)flricns
directly into the uterine branches, which are opposed. -.(I\u. e
reflexed. Eggs few and large, ova}l. tlun‘-szholled, with Ll:ler
tents segmcni;i.ng at th(e time of laying or, in the case of ol

»g. hatching in ulero. e %
felgzlrtlz;ilic generation.—Male, when knov.;n, & l'hf'ﬂlfdlt'fto':m !
and very similar to the free-living nml.e. l:cmule: p]anfoml.:l.
with bdily considerably longer than In the frcc-lwmg gerfg:)tr
tion, and very slender. A short buccal capsuls pr.t;;l ou{:,
(Esophagus long, slender, almost cylindrical and Wi

rt) ; Paewlo-
lis Tanaka,
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a posterior bulb. Tail short and conical or blunt. Vulva
in posterior half of body, opening directly into the uterine
branches, which are opposed. Ovaries reflexed. Eggs may
contain segmentation-stages or embryos when laid.
_ Adult parasitic forms in the intestine of vertebrates. Free-
living stages in the faces of these animals or in the soil.
Genotype :—Strongyloides stercoralis (Bavay, 1876).

Key to Species.

Parasite of man ...,......... S et teraTals WRTe W ote b stercoralis, p. 216.
TATARIbe O cat . T e e e S felis, p. 219.
Parasite of sheep, ox, pig, monkeys, etc........... papillosus, p. 220.

1. Strongyloides stercoralis (Bavay, 1876). (Fig. 111.)°

Synonyms :—Anguillula stercoralis Bavay, in Normand, 1876;
Rhabditis stercoralis Bavay, 1876 ; Anguillula intestinalis Bavay,
in Normand, 1877, nec Ehrenberg, 1838 ; Strongyloides intestinalis
Grassi, 1879 ; Leptodera intestinalis Cobbold, 1870 ; Leptodera
stercoralis Cobbold, 1879 ; Leptodera (Anguillula) stercoralis
Cobbold, 1879; Rhabditis intestinalis Orley, 1880; Pseudo-
rhabditis stercoralis Perroncito, 1880 ; Pseudorhabditis intestinalis
Perroncito, 1881 ; Rhabdonema strongyloides [? Leuckart, 1883]
Braun, 1883 ; Rhabditis (Anguillula) intestinalis Braun, 1883 :
Rhabdonema hominis Lutz, 1887; Rhabdonema intestinale
Blanchard, 1888; Leptodera strongyloides Rolleston, 1888,
nec Schneider, 1866 ; Strongyloides (Rhabdonema) intestinalis
Calandruceio, 1880 ; Rhabditis strongyloides Blanchard, 1890,
nee Orley, 1880 ; Rhabdonema stercoralis Manson, 1003 : Anguil-
lula strongyloides Calandruccio, 1904 ; Stercoralis intestinalis
Tanaka, 1910 ; ? Strongyloides canis Brumpt, 1922,

Hosts :—This is a common parasite of man, and is widely
distributed, especially in warm countries. It is of frequent
occurrence in man in India, Ceylon and Burma. Chandler
(1928) states that there is evidence that in Orissa its incidence is
not less than 10 per cent. of the population. S, stercoralis has
been recorded in various apes and monkeys, though the deter-
mination of the species is open to question. Fiilleborn has
also recorded it in a Chinese dog, but Brumpt regards the form
in the dog as a distinct species, S, canis. The status of this
and of various other forms or varieties, to which distinctive
names have been given, is still very uncertain. Chandler
has described a form from the cat which he regards as a
variety of S. stercoralis (var. felis). This is here treated as
a distinct species, and is described below under the name of
S. felis.

The adult female parasitic form measures about 2—4 mm. in
length and about 0-03 mm. in maximum thickness. The
asophagus is about 0-6 mm. long and the tail 0-1 mm. The
vulva is situated at or behind the posterior third of the body.
The eggs are oval and measure 0:05-0-058 3 0-03-0-034 mm.
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Kreiz (1932) and Faust (1933) have described a parasitic
male form in man and the dog which is very similar to the
free-living male, having an @sophagus of the rhabditiform and
not of the filariform type, and a wide buceal cavity followed
by a cylindrical buccal capsule. According to Kreis’ descrip-
tion this parasitic male, as it occurs in man, measures about
0-49-0-74 mm. in length, and apparently about 0-035-0-04 mm.
in maximum thickness. The csophagus (as calculated from
the formula given by Kreis) is about 0:1-0-11 mm. long.

43
\%,._/ e
Fig. 111.—Strongyloides stercoralis. A, female parasitic form; B, C,

male and female of free-living form. &., spicule ; ., testis ;
v., vulva. (From Baylis, after Looss.)

Its anterior portion contains three  spears * about 0:018 mm.
long. The posterior bulb measures 0-018 mm. in length and
0-014 mm. in width. The nerve-ring surrounds the narrow
portion of the csophagus, at about the posterior third of the
whole organ. The tail is tapering and pointed and apﬁ)ear
to measure about 0-06-0-07 mm. in length. There is a large

]
preanal papilla (or accessory organ) and two pairs of small
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postanal papille. The spicules are broad and measure
0:034-0-041 mm. in length. The accessory piece is 0:022—
0-023 mm. long. The testis occupies more than half the length
of the body, and is reflexed.

The proportions are slightly different in the form found
in dogs, the body being more slender and the tail shorter.

The rhabditiform larva (the offspring of the parasitic form)
measures 0-2-0-25 mm. in length and 0016 mm. in thickness
soon after hatching, but often grows to two or three times this
size before being passed out of the body of the host.

The adult free-living form measures about 0-7 mm. in length
and 0-035-0-05 mm. in thickness in the male, and about
1-1-3 mm. in length and 0-05-0:075 mm. in thickness in the
female. The tail of the male is about 0-05 mm. long. There
are three pairs of caudal papille—a subventral preanal pair
and two postanal pairs, of which one is subventral and one
subdorsal, near the middle of the tail. The spicules are
strongly curved and measure about 0-038 mm. in length.
The tail of the female is about 0-12 mm. long. The eggs are
thin-shelled and measure about 0-07 % 0-04-0-045 mm. In old
females the eggs may hatch while still retained in the uterus.

The filariform (infective) larva measures about 0-4-0-7 mm.
in length and 0-016-0:018 mm. in thickness. The wsophagus
is about 0-2-0-3 mm. long and the tail 0-07-0-1 mm.

The life-history of this and other species of the genus is
still imperfectly understood. The filariform larva have the
power of penetrating the skin of the host, and this appears,
in fact, to be the usual mode of infection. After entering
the hody in this way they go through a course of migration
very similar to that of Ascaris (see p. 38) before settling
permanently in the alimentary canal. In the course of this
migration they undergo considerable development. It had
for many years been supposed that the parasitic phase always
consisted of female forms only, and that these were either
parthenogenetic or hermaphrodite. The researches of Kreis
and of Faust, however, appear to indicate that in certain
strains in man and the dog there may also be parasitic males.
Faust finds these particularly in the lungs of experimental
hosts, and suggests that they there fertilize adolescent females
which later migrate to the intestine. The males seem to be
comparatively rare in the intestine. On reaching the intestine,
the females burrow into the mucous membrane or into
Lieberkiihn’s glands. Here the eggs are laid and hatch,
The larve enter the lumen of the intestine and are passed
out with the faeces as rhabditiform larve. These may develop
into a free-living bisexual generation, whose progeny are of
the infective (filariform) type, or they may themselves become
transformed directly into filariform larve, the free-living
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bisexual stage being thus omitted. The factors controlling
the occurrence of these alternative modes of development
are obscure. The ingenious suggestion has been made by
Faust that the parasitic females may lay at first fertilized and
later unfertilized eggs, and that the former may give rise to
larvee which follow the indirect mode, while the latter give
rise to larvae which are directly transformed.

According to Stekhoven (1928), the transformation of
rhabditiform into filariform larve sometimes takes place in
the host’s intestine, and he infers from this that reinfection
of the same host may occur without the necessity for larve
to enter the body from outside. Faust states that not only eggs
and rhabditiform larva, but also infective filariform larve,
may be found in the lungs, and that all these are the progeny
of adult worms living in the lung-tissues and bronchioles.
Hyperinfection may therefore take place in the lungs.

2. Strongyloides felis (Chandler, 1925).

Synonym :—Strongyloides stercoralis var. felis Chandler, 1925.

Host :—Domestic cat (upper part of duodenum). Chandler
records the occurrence of the parasite in about 20 per cent.
of the cats examined by him in Calcutta. ' :

The adult female parasitic form measures 2:6-2-92 mm. In
length and 0-039-0-045 mm. in maximum thickness. The
head has a diameter of about 0-014 mm. There are three
fairly prominent lips. The cuticle is finely striated. The
@sophagus occupies about a quarter of the total length.
The tail measures 0-063-0-104 mm. in length and tapers
evenly to the tip, which is bluntly pointed. The vulva 18
situated at 66:6-68 per cent. of the total length from the
anterior end. The uterus contains from five to eight fully-
developed eggs at a time. Those nearest to the vulva are often
already hatched. :

The adult free-living form measures 0-895-0-985 mmi. 1N
length and 0:04-0-045 mm. in thickness in the male, 1-1-2 mm.
and 0-039-0:046 mm. respectively in the female. The he:fld
has a diameter of about 0-014 mm. The cesophagus occupies
about one-seventh of the total length. The tail of the male 18
0-063-0-079 mm. long, and apparently bears no postanal
papille. A pair of inconspicuous preanal papille is present.
The spicules measure 0-032-0-036 mm. in length, and the
accessory piece 0:021-0-0225 mm. The tail of the female is
slender and sharply pointed, and measures 0-:094-0-11 mm. 1
length. The yulvais very prominent, and the body diminishes
in diameter behind it. )

The filariform (infective) larpa measures 0:525-0-615 mm. in
length and 0-014-0-016 mm. in thickness. The average
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length and thickness are 0-578 mm. and 0-015 mm. respectively.
The average length of the cesophagus is 44 per cent. of the
total length (about 0-243 mm.).

Chandler states that this form differs from the typical
S. stercoralis of man in its slightly larger size, in the proportional
lengths of the cesophagus and tail, and in the fact that it is
ovoviviparous (eggs never being found in the intestine or
faces of cats, but only hatched embryos). The free-living
bisexual generation occurs much more frequently than the
transformation of rhabditiform into filariform larve, and
perhaps exclusively.

On account of the differences in the caudal papille of the
free-living male, and the various discrepancies in the measure-
ments of all stages, the writer feels unable to regard this form
as a mere variety of S. stercoralis.

3. Strongyloides papillosus (Wedl, 1856) Ransom, 1911.

Synonyms :—T'richosoma papillosum Wedl, 1856, nec v. Linstow,
1878, nec Fritsch, 1886, nec Blome, 1909 ; Rhabdonema longus
Grassi, 1885; Strongyloides longus Rovelli, 1888 ; Rhabdonema
longum Railliet, 1893 ; Strongyloides longus bovis de Gaspari,
1912 : ¢ Rhabdonema suis Dolley, 1894 ; ? Strongyloides suis
v. Linstow, 1905 ; ? Strongyloides fiilleborni v. Linstow, 1905 ;
? Strongyloides cebus Darling, 1911; ? Strongyloides ovocinctus
Ransom, 1911 ; ? Strongyloides vituli Brumpt, 1921 ; ? Strongy-
loides simizz Hung and Héppli, 1923,

Hosts :—This species has been recorded from a variety of
animals, including the sheep, goat, ox, pig, rabbit and rat, and
has a wide geographical range. Various forms recorded from
monkeys are regarded by Chandler (1925, a) as representing,
at the most, subspecies, and perhaps only host-varieties, of
S. papillosus. One such form is recorded by Chandler himself
from Macacus rhesus in Calcutta and from the Hoolock
gibbon (Hylobates hoolock) in the Zoological Gardens, Calcutta.
The following characterization is taken from his description
of this form.

The adult female parasitic form, whose habitat is the lower
part of the duodenum, measures 3-3-25 mm. in length and
0-045-0-05 mm. in maximum thickness. The head has
a diameter of about 0-017 mm., and there are apparently
six very inconspicuous lips. The cuticle is finely striated.
The cesophagus is 0-82-0-87 mm. long (a little more than
a quarter of the total length). The tail measures 0-042—
0-:056 mm. in length. Its diameter is suddenly reduced just
behind the anus, and its tip is bluntly rounded. The vulva
is situated at 60-63 per cent. of the total length from the
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anterior end of the body. The uterus contains from six to
eight fully-developed eggs at a time.

The adult free-living form measures 0-7-0-8 mm. in length
and 0:036-0-042 mm. in thickness in the male, and 0-95-
1-26 mm. and 0-053-0-075 mm. (excluding the vulvar promi-
nence) respectively in the female. The head has a diameter
of about 0-015 mm. The eesophagus, in the female, measures
0:143-0-182 mm. in length (about 1/8 to 1/7 of the total length).
The tail of the male is 0-:056-0-07 mm. long, and bears a single,
median postanal papilla near its middle. There is also a pair
of preanal papille. The spicules measure 0-036-0-038 mm.
in length and the accessory piece about 0:023 mm. The
tail of the female is slender and sharply pointed, and measures
0-125-0-153 mm. in length. The vulva is very prominent,
and varies in position from slightly in front of to slightly behind
the middle of the body. The uterus contains from 15 to
27 fully-developed eggs at a time.

The filariform (infective) larva measures 0-635-0-697 mm.
(average 0-656 mm.) in length and 0-016-0-017 mm. (average
0-0166 mm.) in thickness. The cesophagus averages 45 per
cent, of the total length.

7. Family MERMITHIDA Braun, 1883.

Elongate and generally relatively slender forms (in the
adult condition), with a smooth cuticle, frequently containing
<piral fibres which run through it in criss-cross directions.
Head usually with two lateral and four submedian papille,
and often with additional small circumoral papille. A Ya.ir
of lateral organs almost always present, often complex.
Alimentary canal complete only in the larvee. In the early
larval stage the mouth is provided with a piercing stylet,
which is lost after penetration into the host. In the adult
the cesophagus becomes reduced to a simple, narrow, cuticular
tube, and the intestine becomes modified into a sausage-
shaped, solid fat-body, without an anal opening. Qenitnl
tubes usually paired in both sexes. Caudal end of male without
ale, but usually with three longitudinal rows of papilla.
A pair of spicules or a single spicule present. Vulva at about
the middle of the body. Vagina short and muscular, fre-
quently bent S-wise. Uterine branches opposed. Worms
usually oviparous. Adults in soil or fres_h' water. Larve
part-lv. in soil or fresh water, partly parasitic in the body-
cavity of Arthropods (chiefly insects) or Mollusca,
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1. Genus MERMIS Dujardin, 1842.

This generic name is here used in a wide sense. A number of
genera have been proposed for forms which differ from the
genotype of Mermis in characters which appear too slight
to justify generic rank, and until the group as a whole is much
better known it seems desirable to adopt: a conservative attitude
towards them. For some discussion of this question see Baylis
and Daubney, 1926, ‘A Synopsis of the Families and Genera
of Nematoda,” p. 64.

The generic diagnosis may, for the present, be taken as
being the same as that of the family.

Genotype :—Mermis nigrescens Dujardin, 1842.

1. Mermis nigrescens Dujardin, 1842,

Synonyms :—? Mermis meissneri Cobb, 1026; ? Mermis subni-
grescens Cobb, 1926.

Habitat -—This species lives partly in the soil and partly
as a parasite in the body-cavity of insects, especially grass-
hoppers. It is common in Europe, and a specimen from
Pashok, Darjeeling district, Eastern Himalayas (altitude
4000 ft.), was referred to it by Baylis and Daubney (1923, b).
The North American form, M. subnigrescens, which was
somewhat doubtfully regarded by Cobb as a distinet species,
is recorded from various genera of grasshoppers.

The male measures up to 68 mm. in length and 0-26-0-28 mm.
in thickness, the female 88-152 mm. and 0-42-0-6 mm.
respectively. The head is rounded and followed by a slightly
narrower neck, The diameter of the head is 0-114-0-119 mm.
in the male and 0:13-0-14 mm. in the female. The head
bears four small submedian papille, and a pair of more promi-
nent lateral papille, situated further forward, close to the
mouth. In the neck region there is usually a certain amount
of yellowigh-brown or reddish pigment. The cuticle includes
a double layer of crossed fibres. There are six longitudinal
“ fields ” in the subcuticular layer. The lateral organs are
large and complex, and open by narrow canals at the level
of the submedian cephalic papille. The esophagus, in the
adult, is a narrow, thin-walled cuticular tube, occupying
about one-twentieth of the length of the body. The nerve-
ring is situated, in the male, at 0:316-0-34 mm., and in the
female at 0-45-0-46 mm., from the anterior extremity.

The tail is blunt in both sexes. In the male it is concave
ventrally and measures (-31-0:35 mm. in length. The caudal
papillze are numerous, and are arranged in three single rows,
each composed of 30 to 35 papille and extending from some



MERMIS. 223

d‘istanoc: in front of the cloacal aperture to the tip of the tail.
The spicules measure 0-2-0-26 mm. in length and have
a maximum width of about 0-025 mm. Their tips are blunt
and their roots slightly expanded. The testes are paired and
opposed. The posterior testis is considerably shorter than
the anterior. A

The position of the vulva is variable, but usually in front
of the middle of the body. The eggs are very remarkable
in this species. They are of lenticular or subglobular shape,
with a shell which, when mature, is of a dark brown colour
and measures 0-043 mm. in" diameter. This is enclosed in
a colourless outer shell or capsule, 0-05 mm. in diameter.
The outer shell has an equatorial * breaking-point,”” while
to each of its two opposite poles is attached a “ byssus ™
of sticky threads. The uterus, containing large numbers of
these dark-coloured eggs, shows thrOlléll the translucent
yellowish body-wall of the gravid female as a dark line, and
gives the whole worm a somewhat greenish appearance. In
the specimen from India mentioned above, which was a female,
the eggs were of the same form and size as in European speei-
mens, but the inner shell did not show the usual dark brown
colour, being almost colourless. This may perhaps have been
only a matter of age.

The gravid females of M. nigrescens have the habit of coming
up out of the ground after heavy downpours of rain in summer
(more especially after thunderstorms) and climbing on to
plants. They are sometimes observed at a height of several
feet from the ground. When numerous, they sometimes
give rise to stories of “ showers of worms.” The eggs are
laid on plants, to which they adhere, usually in bunches,
by means of their sticky threads. They are thus liable to be
swallowed by phytophagous insects. The larve then hatch
and enter the body-cavity of the host. Although M. nigrescens
has been recorded from a considerable variety of insects, the
specific determination of the worm is in many cases open to
question. Hagmeier has shown experimentally that this
species is capable of developing in grasshoppers (various species
of Stenobothrus and Decticus), and these are at present the
only definitely ascertained hosts, though it is extremely probable
that other insects also serve in that capacity.

During the parasitic period the intestine becomes a golid
fat-body, and the anus becomes obliterated. The larva
apparently feeds by absorption of the body-fluid of the host
through its cuticle, and the feod thus obtained is stored up
in the form of globules of fat. When fully grown, but still
quite immature, the larva emerges from the host (which
almost immediately dies) and enters the soil. Here it remains
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until sexually mature, this period of development taking
about two years. The males remain buried, and the females

appear above ground, as already mentioned, only for the
purpose of oviposition.

2. Mermis sp. Iyengar, 1929.

Habitat -—A species (or possibly more than one species) of
Mermis is recorded by Iyengar as a parasite of the larva of
various mosquitoes of the genus Anopheles in Bengal. The
mosquitoes found to be attacked were 4. minimus var. varuna
Iyengar (vel A. varuna), A. pseudojamesi, A. sinensis, A. barbi-
rostris, A. fuliginosus, A. philippinensis and A. tessellatus.
“The parasitization of Anopheles larve is especially common
during the monsoons, in the months of August and September.”

According to Iyengar,  the worm when it emerges from the
larva of Anopheles is long, white and opaque. It ranges
from 5 mm. to 8 mm. long, and is usually from 63 to 110 u
thick. . . The anterior end ig somewhat pointed and has
a thin vestigial alimentary canal. The posterior end is pointed
and ends in a papilla.”

Iyengar states that he has succeeded in rearing the larve to
the adult stage in ““a dish with a wet sand slope, and with
a little water at the base of the dish.” Sexual maturity was
reached within three weeks. “The male worms were generally
thinner, and measured 4-4 mm. long and 55 to 63 u thick.
The females measured 11 mm. long and 140p to 150 u thick.
The head end was thinnerand measured 80 x in thickness. By
this time at least one moulting had taken place and the papilla
at the posterior end . . . [had] disappeared ; the posterior end
of the sexually mature worm is rounded.”

Iyengar believes that the worms are probably viviparous.
No eggs were found in the cultures, but numerous larva.
These measured 1-1-2 mm. in length and 12-14 u in thickness.
They were very active, and moved rapidly near the surface
of the water. The penetration of the larve into the body
of the mogquito larva was observed. This is effected by means
of the buceal stylet and by active boring movements of the
body, the tail of the worm being meanwhile curled round one
of the branched hairs of the host. “ The whole process from
the time of attachment to the time of complete entry takes
from one to two minutes, sometimes slightly longer. . . The
embryo grows at a remarkable rate and at the end of eight
to tendays after the time of entry, it has grown from an original
size of 1 mm. by 13x to a size of 8§ mm. by Top to 160 2.
The mature embryo then emerges out of the Anopheles larva
before the latter pupates.” The mosquito larva invariably
dies immediately after the emergence of the worm.
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In nature only a single Mermis larva was found in each
infested mosquito larva. In experimental infections, although
as many as twenty larve entered a single mosquito larva
during one night, their number, Iyengar states, was gradually
reduced until after four days only one remained. The fate
of the others is unknown. z

In addition to the form or forms of Mermis parasitic in the
larvie of Anopheles, Tyengar records others in the adults of
Anopheles fuliginosus and A. subpictus in Bengal. These
worms are considered to be specifically distinct from the
former. They attain a larger size (8:3-17 mm. in length and
0138-0-174 mm. in thickness) in the immature condition.
They are said to emerge from the mosquitoes only when
the latter are close to water, and to enter the water, in which
presumably the adult stage would be found. Their further
development, however, has not been followed. The mosquito
dies immediately after the emergence of the worm.

3. Mermis indica v. Linstow, in Schultz, 1899.

This species was proposed for a larval specimen which was
found to have emerged from a butterfly, Papilio helenus,
sent from India to Germany in a paper envelope. The length
of the worm was about 16 ¢m. The head was truncate and
had six small papille. The tail had a dorsally-curved terminal
appendage. X

8. Family ANGUILLULINIDA Baylis and
Daubney, 1926.
Synonym :—Tylenchida Micoletzky, 1922,

Small, free-living, semi-parasitic or pArasitic forms. Pharynx
in the adult modified into a protrusible stylet or ‘‘ spear.”
(Esophagus simple or with a median and a posterior bulb-like
swelling. When two swellings are present, only the anterior
of them is a muscular bulb. Caudal glands and spinneret
usually absent.

Subfamily ANGUILLULININA Baylis and
Daubney, 1926.

(Esophagus usually with a median muscular bulb and
a posterior non-muscular swelling, the latter sometimes not:
distinetly separated from the intestine.

NEM. Q
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Key to Genera.
Body of mature female of normal cylindrical

T A e s M T 1S ANGUILLULINA, p. 226.
Body of mature ferale ovoid or subglobular.. HYTERODERA, p. 231.

1. Genus ANGUILLULINA Gervais and v. Beneden, 1859.

Synonyms :(—[Anguina Scopoli, 1777]; T'ylelenchus Bastian,
1865 ; Tylenchus Bastian, 1865; Futylenchus Cobb, 1913 ;
Atylenchus Cobb, 1913 ; Tylenchorhynchus Cobb, 1013 ;
Dolichodorus Cobb, 1914 ; Totonchium Cobb, 1920 ; Aphelenchulus
Cobb, 1020; Parasitylenchus Micoletzky, 1922; Faratylenchus
Micoletzky, 1922 ; Chitinotylenchus Micoletzky, 1922, .

Cuticle striated, without bristles. Lateral ala often present.
Head usually without definite lips, but typically with six
radiating ridges and six small papillze on its anterior surface.
Cephalic bristles absent. Lateral organs unknown. Stylet
consists of three rods fused throughout, with distinet knobs
posteriorly. Caudal end of male usnally with al®. One
or two accessory pieces generally present. TTestis single.
Female genital tubes paired, opposed ; the posterior may be
rudimentary and without ovary. Caudal glands and spinneret
absent. Worms chiefly in soil, especially on the roots of
plants. Some species occur in fresh water or decaying sub-
stances, or in the sea. Many are plant-parasites, a few para-
sites or semi-parasites of insects.

Genotype :—Anguillulina tritici (Steinbuch, 1799).

Key to Species.

(Esophagus without distinet median bulb. ... cecidoplastes, p. 231.
(Esophagus with a distinct median bulb .,.. 1.

1. Spicules of male more than 0:03 mm. long... tritics, p. 226.
Spicules of male less than 0:03 mm. long .... 2.

2. Spicules about 0:016 mm. long ............ pratensis, p. 230.
Spicules about 002 mm. long ............. 3.

3. Stylet about 0:02 mm. IODE ««vvvvvern... similis, p. 228.
Stylet about 0-01 mm. long ...covvvei...,, angusta, p. 229.

1. Anguillulina tritici (Steinbuch, 1799) Gervais and v. Bene-
den, 1859, (Fig. 112.)

Synox}yms ~Vibrio tritici Steinbuch, 1709; Rhabditis tritici
Dujardin, 1845 ; Anguilivla graminearion Diesing, 1851 (part);
Anguillula tritice Davaine, 1857 ; Tylenchus tritici Bastian,
1865 ; Anguillula scandens Schneider, 1866 ; T'ylenchus scandens
Romanin, 1867.

Habitat :—This species lives partly in the soil and partly
on the stems and ears of wheat and other species of Priticum,
or occasionally of barley. Its distribution is almost world-
wide, and includes India.
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The male measures about 2-2-5 mm. in length and 0-07—
0-1 mm. in maximum thickness, the female 3-5 mm. and
0:1-0-2 mm. respectively. The head is narrower than the
body, from which it is separated by a constriction. On its
anterior surface there are six radiating ridges and six minute
papille. The stylet, in the female, is 0-01 mm. long. The
msophugus measures 0'15—-0'2 mi. in lengtvh. It consists
of an anterior portion ending in & muscular bulb, a narrow

Fig. 112.—Anguillulina tritici. Anterior end ; lateral view. (After
Marcinowski.)

“ neck,” about as long as the anterior portion, and usually
curved in a sigmoid manner, and a swollen posterior portion
containing three large unicellular glands. Of these the
largest is posterior and has a large nucleus, while the two
anterior cells have small nuclei. The nerve-ring surrounds
the “ neck ” of the cesophagus, and the excretory pore is ab

the level of the posterior swelling.
Q2
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The tail, in both sexes, is conical and about 0:1 mm. long.
In the male there are well-developed caudal alm, extending
from a point somewhat in front of the roots of the spicules
almost to the tip of the tail, and reaching their greatest width
at the level of the cloacal aperture. The spicules measure
0-035-0-04 mm. in length, and are broad in the middle.
The accessory piece is 0-018 mm. long. The testis is doubled
once or twice upon itself.

The vulva is situated at about the posterior tenth of the
total length, and has prominent lips. The anterior genital
tube is well developed, and its ovary is usually doubly reflexed.
The posterior tube is rudimentary and reduced to a short, blind
sac, without an ovary. The average dimensions of the eggs,
according to Goodey (1932, b: 1933), are 0-0850-038 mm.,
but they may attain a length of 0-13-0-14 mm. and a width
of 0:033-0-063 mm.

The life-history of this species is briefly as follows. The
second-stage larva living in the soil climb on to the seedlings
of the host-plant and up to the growing point. Their attacks
on the tissues of the plant cause various malformations of
the leaves and stem. When the inflorescence is formed they
penetrate into its tissues and cause the formation of galls
(** cockles ') while it is still green. Within the galls they
develop into adult worms, and the numerous eggs laid by the
females hatch in this situation. The larve then moult and
become second-stage larve. On the drying of the ear the
galls become hard and dark brown in colour. The contained
second-stage larva are extremely resistant to desiccation and
are capable of living in dried galls for nine or ten years, in
a state of suspended animation, and of becoming active and
invading fresh plants when revived by moisture. When
the galls fall to the ground and become moistened they decay,
and the larve escape from them and enter the soil, where they
remain until an opportunity occurs of attacking a fresh
crop of seedlings.

2. Anguillulina similis (Cobb, 1893) Goodey, 1932.

Synonyms :—Tylenchus similis Cobb, 1893 . Tylenchus acutocauda-
tus Zimmermann, 1898 : Tylenchus biformis Cobb, 1909,

Habitat :=—This species lives partly in the soil and partly
as an external parasite on various plants, including several of
economic importance, such as tea, coffee, bamboo and sugar-
cane. It is widely distributed in tropical and subtropical
regions, and has been recorded in South India.

In the following characterization some of the measurements
are taken from descriptions given by Cobb, Godfrey and
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Goodey. while others have been calculated from Cobb’s
“ formulwe. ™

The male measures 0:654-0-73 mm. in length and about
0:02 mm. in thickness, the female 0-676-0-7 mm. and about
0:027 mm. respectively. The head, in the male, is almost
hemispherical and is marked off by a deep constriction. In
the female it is flattened and followed by a shallow constriction.
The stylet apparently measures about 0-017-0-021 mm. in
length. The cesophagus is 0-126 mm. long. The three cells of
its posterior, glandular part, which is dorsal to the intestine,
lie in line.

In both sexes the tail is bluntly conical. “The caudal alm
of the male are similar to those of A. tritici, There is a pair
of lateral postanal papille at about the anterior third of the
tail. These do not reach the edges of the ale. The spicules
measure about 0-02 mm. in length. Their tips are rather
blunt, and their roots are knob-like and marked off by a
constriction, The accessory piece is about 0-01 mm. long.

The vulva is situated slightly behind the middle of the body
(at 59 per cent. of the total length from the anterior end,
according to Cobb). The female genital tubes are paired and
short, and both ovaries are outstretched.

3. Anguillulina angusta (Butler, 1913) Goodey, 1932.

Synonym :(—T'ylenchus angustus Butler, 1913.

Habitat -—This species lives in the soil or water of paddy-
fields in the Ganges Delta, Eastern Bengal and Malaya, and
attacks rice-plants, in which it produces a diseased condition
called ** ufra.”

The male measures 0:6-1-1 mm. in length and 0-014-
0-019 mm. in thickness, the female 0-7-1-23 mm. and 0-015-
0-022 mm. respectively. The head is flattened and discoidal,
and bears on its anterior surface six radial ridges. The
cuticular striations are about 1-5p apart. The stylet is
0-01 mm. long. The @sophagus measures 0-13-0-15 mm. in
length and has a slender *“ neck region. Its structure is
similar to that in A. fritici.

The tail, in both sexes, is conical and has a small terminal
spike. In the male it is 0-034-0-048 mm. long. The caudal
alwe are of the typical form. The spicules measure 0-02 mnt.
in length. The basal portion of each spicule, for about one-
third of the total length, is broad and somewhat oblong in
shape. The rest of the spicule tapers gradually to a pointed
tip. The accessory piece is 0-008 mm. long.

The tail of the female measures 0-:045-0-052 mm. in length.
The vulya is sitnated at the posterior fifth of the body, and has
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rounded, slightly prominent lips. The anterior genital tube
has an outstretched ovary. The posterior tube, or “ uterine
sac,” is without an ovary, but is fairly well developed,
extending for nearly two-thirds of the distance from the vulva
to the anus. The eggs measure 0-08-0-088<0:016-0-02 mm.

According to Butler the worms probably multiply on the
host-plant, and there may be at least three generations
between June and November.

4. Anguillulina pratensis (de Man, 1881) Goffart, 1929.

Synonyms :—T'ylenchus pratensis de Man, 1881 ; T'ylenchus gulosus
Kiihn, 1889 : Tylenchus coffes Zimmermann, 1898 ; Tylenchus
penetrans Cobb, 1917 ; dphelenchus neglectus Rensch, 19243
Tylenchus brachyurus Godfrey, 1929,

Habitat :-—This species occurs in the soil in various parts of
the world, including Europe, North America and the East
Indies. It attacks the roots of grasses, cereals and a large
variety of other plants, including beet, cabbage, coffee, sugar-
cane, maize, flax, tobacco, cotton and lmmboo: .Goodcy
(1933) records it from South India. The writer is indebted
to Dr. Goodey for the information that in this instance the
host-plant was coffee and the locality Mysore State. The adult
worms, larva and eggs may be found together in the tissues
of the plants attacked.

The synonymy given above has been taken from Goodey
(1933), from whose description the following characters are
also extracted. The male measures 0-45-0-64 mm. in length
and 0:02-0-028 mm. in maximum thickness, the female 0-047-
0-07 mm. and 0:021-0-032 mm. respectively. The body is
comparatively stout and tapers little towards the ends.
The cuticular striations are rather coarse. The head is marked
off by a slight constriction. It has a slightly depressed
anterior surface, on which there are six radiating ridges, and
convex sides. Its cuticle has fine transverse striations. The
stylet measures 0-013-0-015 mm. in length in the male and
0:016-0-019 mm. in the female, The cesophagus, in both
sexes, is 0-1-0-12 mm. long. There is a distinct constriction
immediately in front of the muscular bulb. The posterior,
glandular region lies ventrally to the anterior part of the
intestine. Its three cells lie in line, and the posterior cell
ends in a blunt point.

The tail of the male is 0-018-0-02 mm. long. The caudal
ale have crenate edges and are continued round the tip of the
tail. Thereisa single pair of lateral papillz at about the middle
of the tail, terminating in depressions in the alie. The spicules
measure 0-016-0-0162 mm. and the accessory piece 0-005 mm,
in length.
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The tail of the female is bluntly rounded and 0-02-0-022mm.
long. The vulva is situated at about the posterior fifth of
the total length, and has rounded and sometimes prominent
lips. The posterior branch of the uterus is very short and
without an ovary. The anterior ovary is not reflexed. The
uterus contains only one egg at a time. The eggs measure
0:063-0-08 < 0-021-0-025 mm.

o. Anguillulina cecidoplastes Goodey, 1934.

Habitat :—In galls on the leaves and stems of a grass
(Andropogon pertusus) ; South India (Bangalore, Chikmagalur,
Coimbatore, Palghat).
~ The male measures 0-97-1-33 mm. in length, the female

1-2-2:03 mm. *° The head has the shape of a flat cap and is
separated from the body by a faint constriction.” It bears
six radiating ridges. The stylet measures 0-008-0-009 mm.
in length. The sophagus, which is about 0-2 mm. long,
differs from that of typical members of the genus in having
no distinet median muscular bulb. Tt consists of an anterior
fusiform portion and a posterior club-shaped glandularswelling,
composed of a large dorsal cell and two smaller subvent-r_al
cells with smaller nuclei. The nerve-ring is situated just in
front of the glandular swelling, and the excretory pore at
about the level of its middle. .

The tail, in both sexes, is tapering, with a “ minute peg-
like terminal process.” In the male there are very narrow
caudal ale, extending from a short distance in front of the
roots of the (retracted) spicules to about the middle of the tail.
The spicules measure 0:028-0-03 mm. in length and are rather
stout, with a slight constriction separating the root from the
rest of the tubular shaft, and each has a thin membranous ala
on the ventral side. There is apparently no accessory piece.
The testis is doubled once upon itself.

The vulva is situated at about the posterior tenth of the body.
The anterior genital tube is well developed and doubled twice
upon itself ; the posterior reduced to a short, blind sac.
The uterus may contain as many as five eggs at a time.

2. (Genus HETERODERA Schmidt, 1871. :

Synonyms :—Meloidogyne Goldi, 1889 ; Heterobolbus Railliet, 1896 ;
" Oaconema Cobb, 1924,

Male of typical eylindrical shape. Body of mature female
becomes swollen into an ovoid or subglobular shape, only
the neck region remaining normal. The ftail disappears
in the adult female, its place being taken by a termina

prominence carrying the vulva, and the anus becomes terminal
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or dorsal. Cuticle striated, without bristles. Head rather
distinet, with six lips. Lateral organs indistinct or absent.
Stylet composed of three rods, fused throughout and knobbed
behind. Posterior portion of esophagus not distinet from
intestine. A median muscular bulb present. Excretory
system consists of a lateral canal on the left side only. Caudal
end of male without ale or papillee. Spicules equal, short
and broad. An accessory piece present. Testis, in the geno-
type, single, anterior, outstretched. Female genital tubes
paired, parallel, anterior, elongate and sinuous. Oviparous.
Worms in soil, or attached to or buried in the roots of plants.
Genotype :—Heterodera schachtii Schmidt, 1871.

1. Heterodera marioni (Cornu, 1879) Goodey, 1932. (Fig. 113.)

Synonyms :—Anguillula marioni Cornu, 1879 ; Tylenchus radici-
cola Orley, 1880 ; Anguillula radicola Miiller, 1884, nec Anguillula
radicicola Greefl, 1872 ; Heterodera radicicola Miller, I§R4;
Heterodera javanica Treub, 1885;: Anguillula arenaria I\‘un],
1889 ; Tylenchus arenarius Cobb, 1880 ; Meloidogyne exigua
Goldi, 1892: Heterodera (Heterobolbus) radicicola Julien, 1898 ;
Anguillula viale Lavergne, 1001 ; Oxyuris incognita Kofoid and
White, 1919; Caconema radicicola Cobb, 1924 ; Heterodera
(Caconema) radicicola Cobb, 1924,

Habitat -—The adult worms are found within the tissues
of the roots of plants. The larve occur in the same situation
and also in the soil. The species of plants attacked are very
numerous and belong to many orders. They include many
plants of economic importance, such as the potato, tomato,
bean, pea, wheat, barley, clover, sugar-cane, banana, tea,
coffee, cocoa, rubber and hemp. The distribution of the
worm is world-wide, and includes India and Ceylon.

The male measures about 1-2-1-5 mm. in length and 0-03-
0-036 mm. in thickness. The dimensions of the mature
female are extremely variable. The average size appears
to be about 0-8 mm. long and 0-5 mm. wide, but different
authors give measurements varying from 0-3 to 1:3 mm. in
length and from 0-08 to 0-75 mm. in width. The neck region
of the female is about 0-24 mm. long. The stylet measures
0-018-0:02 mm. in length in the male and 0-01-0-012 mm. in
the female. The cuticular striations, in the male, are at
intervals of 2-2.5,.

The spicules measure 0-035 mm. and the accessory piece
0-01-0-012 mm. in length. According to Cobb the male of
this species differs from that of the genotype in having paired
testes. i

The anus of the female is subterminal. The vulva is not
prominent. The eggs, when laid, are embedded in a gelatinous
mass which remains attached to the parent worm. Some may,
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however, remain within the Partheno-
genetic reproduction seexnsb;)((,lybzng,ga:&lé t‘l::::;és appearing
only exceptionally. The siza of tli(’ eagg,is very variable.
Different authors give 0067*0-]"5 I;Jrﬁuciqs the length and
0.(')28—0‘08 mm. as the width 'i‘he n.v(;r:we dimensions are
?)a:;(;;?ob? 0:092 % (])1038 MMm.  The larve, on’hat,chings measure
The rgo?:":)'fml_ (":gt'h t“nd “012-0-015 mm. in thickness.
B nouTox i . lp-Ml 8 attackeqg by this worm usually become
nckened locally, and galls are formed on them where the

Fig. 113.—Heterodera mariont. Outline of female. (After Marcinowski.)

worms are most Nnumerous. The adult worms remain com-
pletely buried in the tissues. The eggs are laid and hatch
within the galls. They may remain in the root of the plant
and give rise to another generation, or may find their way oub
into the soil, in which they are capable of living for about
a year before entering a plant again, ‘

Subfamily DORYLAIMIN F Baylis and Daubney, 1926.

(Esophagus without median bulb, but usually with a more
or less distinct posterior swelling, which sometimes forms
a bulb.

Key to Genera.

QCuticle not conspicuously  striated; stylet not [p- 234.
knobbed behind .. .... %25 v e e n e e aletee Sren e s s b Dom'mmus,.
Cuticle with wide annulations ; stylet absent in adult [p- 235.

male, knobbed behind in female ., ..., .c.ovonon. HOPLOLAIMUS,
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1. Genus DORYLAIMUS Dujardin, 1845.

Synonyms :—Antholaimus Cobb, 1913 ; Nygolaimus Cobb, 1913 :
Actinolaimus Cobb, 1913; Discolaimus Cobb, 1913; Dory-
laimellus Cobb, 1913 ; Azonchium Cobb, 1920 ; Doryllium Cobb,
1920 ; Longidorus Micoletzky, 1922,

Cuticle usually unstriated, without lateral alm or bristles.
Head separated by a constriction from the body, and usually
with six lips, each bearing two papille, but without bristles.
Lateral organs inconspicuous, probably usually slit-like.
Stylet tubular, not knobbed behind. (Esophagus swollen
behind but without distinct bulb. Caudal end of male
typically with a median row of preanal papille. Postanal
papille usually present in both sexes. Spicules fairly stout.
Two rod-like accessory pieces usually present, closely applied
to the spicules. Testes paired, opposed, outstretched. Female
genital tubes almost always paired, opposed, reflexed ; occa-
sionally single, posterior. Caudal glands and spinneret absent.
Worms in soil or fresh water, on plants, or in decaying
substances.

Genotype :—Probably Dorylaimus stagnalis Dujardin, 1845,
according to Stiles and Hassall (1905).

1. Dorylaimus palustris (Carter, 1858) Bastian, 1865.
Synonym :—Urolabes palustris Carter, 1858.

Habitat :—Island of Bombay ; in fresh water in pools,
tanks and drains, or “* wherever there is vegetable matter,
mud, and putrescency, and in the gelatinous alge during the
‘rains ' (Carter, 1859).

Carter refers to this species as the *tank-worm.” Most
of its characters, as given by him, are of generic rather than
specific value, The largest specimens are one-sixth of an inch
I6ng (approximately 4-2 mm.), and the thickness of the female
is 1/370 in, (about 0-07 mm.) The head has “ at least two,
if not four ” indistinct papille. The tail of the male is so
obtuse as to be almost truncate. That of the female is whip-
like, ** varies in length, and becomes curved upon itself when
short.” The vulva is situated a little in front of the middle
of the body.

2. Dorylaimus sp. Stewart, 1914.

Habitat :—Fresh water, in sponges (Suberites aqua-dulcioris,
Spongilla sp.); Chilka Lake.

The male measures 1-87-2 mm. in length and 0-041-
0-044 mm. in thickness, the female 1-938 mm. and 0-055 mm,
respectively. The head is rounded and narrower than the
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Hcck. It measures 0-012-0-015 mm. in width. There are
no lateral organs, but a pair of tubular organs in the dorsal
and ventral lines distant 0-008 mm. from the head ; opening
of tubule slightly prominent : tubule runs inward and back-
ward.” The stylet is 0-024 mm. long. The esophagus
measures 0-377-0-425 mm. in length, and is divided by a
diaphragm " into anterior and posterior portions of subequal
length. The posterior portion is slightly wider, and has coarser
musculature, than the anterior. Its hinder part is glandular
and measures 0:03 mm. in diameter. The nerve-ring is situated
at 0-037-0-04 mm. from the anterior end of the cesophagus.
The tail, in both sexes, is short and bluntly rounded. The
posterior end of the male is without preanal papille, but there
is one short preanal bristle. The tail is 0-022 mm. long.
The spicules are * very broadly sabre-shaped ” and measure
0-037 mm. in length.
The tail of the female is 0-018 mm. long. The vulva is
situated at 0-85 mm. from the anterior extremity. The eggs
are elongate and subcylindrical.

2. Genus HOPLOLAIMUS Daday, 1905.

Synonyms :—JIota Cobb, 1913; Criconema (also Krikonema)
Hofminner and Menzel, 1914 ; Ogma Southern, 1914,

Cuticle with wide, often prominent annulations, sometimes
forming series of ‘scales  or spines, but without bristles.
Lateral ale absent. Head sometimes distinct. Lips usually
poorly developed. Six cephalic papille or bristles may be
present. Lateral organs unknown. Stylet very long, more
or less obviously formed of three rods, and knobbed behind.
Stylet of male appears to be lost at the last moult. Male
(when known) with two spicules, without accessory piece or
caudal papille, and with a single, anterior, outstretched
testis. Female with either a single, anterior genital tube or
paired, opposed, outstretched genital tubes. Oviparous an
probably usually hermaphrodite. Caudal glands and spinneret
absent, Anus sometimes absent in female. Adult worms
in fresh water or soil.

Genotype :—Hoplolaimus tylenchiformis Daday, 1905.

1. Hoplolaimus squamosus (Cobb, 1913) Menzel, 1917.
Synonym —JTota squamosa Cobb, 1913.

Habitat :—On roots of mango; Bangalore.

The length of the body, in both sexes, is 0-8 mm. The o-x,her
measurements in the following description have been obtaine
by calculation, from Cobb’s © formula.” The maximum
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thickness is 0:032 mm. in the male and 0-058 mm. in the
female. The cuticle of the body is marked by about 150
annulations, each consisting of eight ““scales.” The stylet
is 0-12-0-144 mm. long. Its width is one-third of that of one
of the annulations, increasing to twice this width in its posterior
quarter. Its bulbous base is one-third as wide as the neck
of the worm. The excretory pore is situated at 0-16 mm.,
or rather more, from the anterior end in the female.

The tail bears nine annulations. In the male it is 0-048 mm.
long. The spicules are 0-043 mm. long, slender, tapering in
their distal two-thirds, and sharply pointed. The tail of the
female is 0-032 mm. long. The vulva is situated at 0:048 mm.
(between the twelfth and thirteenth annulations) from the
pol:jterior end. There is a single, anterior, reflexed genital
tube.

9. Family TRILOBIDA Micoletzky, 1922.

Free-living forms, mostly marine, with a distinet bucecal
cavity without teeth. (Esophagus typically without a true
muscular posterior bulb containing valves, but slightly
expanded behind. Reproductive organs simple. Sexes gene-
rally distinet. Mostly oviparous, producing few and large eggs.

Key to Genera.

Buccal capsule cup-shaped ...,........... MONHYSTERA, p. 236,
Buccal capsule prismoid .. .oooviiiin. ... FIMBRILLA, p. 238.
Buccal capsule ** fiddle-shaped ™ ........... SYMPLOCOSTOMA, p. 239,

1. Genus MONHYSTERA Bastian, 1865.

Synonyms ;- ~Monohystera de Man et auctt. - Tachyhodites Bastian,

1865 ; Theristus Bastian, 1865;: Pencancia de Man, 1889;
‘-I'u{'h'on'cma' Cobb, 1914; Paramonohystera Steiner, 1916 ;
Steineria Micoletzky, 1922, nec Filipjev, 1922 ; Allomonhystera
Micoletzky, 1923,

Cuticle smooth or striated, usually with bristles, irregularly
distributed or in submedian rows, Lateral ale absent.
Head generally with indistinct lips, almost always with bristles.
Lateral organs usually circular. Buceal eapshle very small,
thin-walled, saucer- or cup-shaped, its walls continuous with
the cesophageal lining. (Esophagus cylindrical, usually slightly
expan(lef] posteriorly, without distinet bulb, Ocelli sometimes
present In aquatic forms. Male with two equal spicules and
usually an accessory piece, the latter commonly with a posterior
process. Testis generally single. Female gefxital tube usually

LJ
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single, anterior, outstretched. Mostly oviparous. Partheno-
genesis common in non-marine forms. Caudal glands and
spinperet usually present. Worms aquatic (marine and
freshwater) or terricolous.

Genotype :—Monhystera stagnalis Bastian, 1865.

Key to Species.

Head surrounded by a crown of six bristles

...... megalaima, p. 237..
Head surrounded by a membranous collar

....... uria, p. 237.

I. Monhystera megalaima Stewart. 1914.

Habitat :—Among filamentous alga at the edge of Chilka
Lake, at Gantasila.

The male measures 0:765 mm. in length and 0-025 mm. in
maximum thickness, the female 1:3 mm. and 0:044 mm.
respectively. The body tapers only very slightly towards
the head, but is gradually tapering posteriorly. The cuticle
is finely striated throughout, and bears, in the female, a few
irregularly scattered bristles. These are very long (0-02 mm.),
slender and sometimes spirally curled. No bristles were seen
on the body in the male. The head is marked off by a slight
constriction and surrounded by a crown of six stout bristles,
0-0136 mm. long. Within this there is a second ecrown of very
short spines. The lateral organs are circular and relatively
large, having a diameter of 8:8p. Their anterior margins
are situated at 0-0187 mm. from the anterior extremity.
The buccal capsule is thin-walled and broader than long.
Its length is 9. The cesophagus is simple and club-shaped,
and measures 0-0935 mm. in length in the male and 0-21 mm. .
in the female. There i8 a transverse “ diaphragm ” in ite -
musculature immediately in front of the lateral organs.

The tail of the male is blunter than that of the female, and
measures 0:085 mm. in length. The spicules have knob-like
roots, twisted shafts and hollow, slightly swollen tips. There
is a single testis.

The tail of the female is pointed but not filiform, is curved
ventrally and bears a circle of short bristles close to the tip.
[t measures 0:152 mm. in length. The vulva is situated at
(-284 mm. from the posterior extremity.

2. Monhystera uria Stewart, 1914,

Habitat :—* From the gelatinous spawn of a Eunicid worm,
Rambha, Chilka Lake, Ganjam, edge of the lake.”

The male measures 0-66 mm. in length and 0019 mm. in
maximum thickness, the female 0-536 mm. and 0-024 mm.
respectively. The body is slightly tapering anteriorly.
The head is rounded and bears “a low collar of delicate
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mobile membrane around the mouth.” The lateral organs
are circular, about 4 & in diameter, and situated at 5-3ux tfrom
the anterior end. The buccal cavity is oval and measures
3p in length in the male. The wsophagus is simple and
club-shaped, and measures 0:092-0-093 mm. in length.

The tail is conical and filiform in both sexes, without bristles,
glands or papillze, but with a terminal flagellum. In the male
1t measures 0-093 mm. in length. The spicules are slender
and 0:03 mm. long. There is a single testis.

The tail of the female is 0-102 mm. long. The vulva is
situated at 0-222 mm. from the posterior extremity. The
uterus and ovary are single. The uterus is short (0-064 mm.),
and the ovary is not reflexed.

2. Genus FIMBRILLA Cobb, in Stiles and Hassall, 1905.
Synonym :—Fimbria Cobb, 1804, nec Megerle, 1811.

Cuticle unstriated, with bristles at least at posterior end.
Head somewhat distinet, with a crown of bristles. an:cnl
capsule prismoid. (Hsophagus expands gradually behind.
Caudal end of male without ale, or supplementary organs,
Two accessory pieces present, nearly as long as the spicules,
joined posteriorly and protrusible. Testes paired, opposed,
outstretched. Female unknown. Worms marine.

Genotype —Fimbrilla tenuis (Cobb, 1894).

1. Fimbrilla tenuis (Cobb, 1894) Cobb, in Stiles and Hassall,
1905.

. Synonym :(—Fimbria tenuis Cobb, 1894.

Habitat :—Marine (among seaweed) ; Ceylon.

Of this species the male only is known. This measures
1-48 mm. in length and about 0-024 mm. in maximum thickness.
The head is slightly expanded and rounded in front. The
mouth is surrounded by minute bristles or bristle-bearing
papille. There is a simple, prismoid bucecal capsule, about
3 p long and nearly half as wide as the head. The cesophagus
is 0-355 mm. long and is described as having a posterior bulb,
marked off by a deep constriction. The nerve-ring is situated
at about the middle of the wsophagus, with the excretory
pore just behind it. The excretory gfund extends posteriorly
behind the bulb of the cesophagus.

The tail is about 0-104 mm. long, has a slightly swollen tip
and is covered with hairs in its posterior two-thirds. The
spicules are slender, nearly straight and pointed. They measure
about 0-013 mm, in length. The measurements in the fore-
going description, except the length of the worm, have been
calculated from Cobb’s * formula.”
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3. Genus SYMPLOCOSTOMA Bastian, 1865.

Cuticle without striations or bristles. Head not distinct,
with or without bristles. Lateral organs unknown. Pharynx
elongate, ““ somewhat fiddle-shaped, having a peculiar funnel-
shaped body lying along its inferior aspect, and an appearance
of three or more circular lines around the parietes.” (Hso-
phagus widening considerably but gradually behind, without
bulb. Ocelli present orabsent. Caudal end of male apparently
without supplementary organs or papille. Accessory piece
absent. Female genital tubes paired, opposed. Caudal
glands and spinneret present. Worms marine.

Genotype :—Symplocostoma longicolle Bastian, 1865.

Note.—This genus was only tentatively proposed by Bastian,
and its validity and its position in the family Trilobidw are

somewhat uncertain.

1. Symplocostoma barbatum (Carter, 1859) Bastian, 1865,
emend.
Synonyms :—Urolabes barbata Carter, 1859 ;
Eberth, 1863 ; Symplocostoma barbata Bastian,

Habitat —* Silty clots of Oscillatoria floating in the salt-
water main drain of the town of Bombay.” \

Bastian places this species rather doubtfully in the genus
Symplocostoma. No description of it is available except that
of Carter, from which the following characters are taken. .

The length of the worm is 1/7 in., and its thickness 1/600 in.
(approximately 3:6 mm. and 0:04 mm. respect..wely). The
head bears four short bristles. There is a pair of yellow
ocelli at about the middle of the cesophagus.

The tail of the male is thick, curved, blunt, * tuberculated
in its inner curvature, and furnished on each side with a row
of short set@ extending from above the anus towards the tip ;
also three or four setw on the outer curvature.” The spicules
are broad and curved.

The vulva is situated at about the posterior third of the body.

Enoplus barbatus
1865.
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10. Family ALAIMIDA Micoletzky, 1922.

Free-living forms, mostly marine, but sometimes terricolous
or freshwater. Buccal cavity absent or extremely small.
(Esophagus generally without a true muscular bulb containing
valves. Reproductive organs simple. Sexes generally dis-
tinet. Oviparous, producing few and large eggs. :

1. Genus DIPLOPELTIS Cobb, in Stiles and Hassall, 1905.
Synonym :—Dipeltis Cobb, 1891, nec Packard, 1885.

Cuticle very finely striated, with or without conspicuous
bristles. Head with three lips, of which one is more pointed
than the others, and spear-like. In the genotype there are,
four submedian rows of about twelve stout bristles on the
neck. Lateral organs with a thickened margin, more pointed
in front than behind and extending to the base of the lips. The
very small buccal capsule ‘ seems to be armed with a minute
labial spear.” (Esophagus club-shaped. Ocelli sometimes
present. An accessory piece present, with a posterior process.
Testes apparently paired and opposed. Female genital organs
unknown. Caudal glands present. Worms marine. :

Genotype :—Diplopeltis typicus (Cobb, 1891).
1. Diplopeltis minor (Cobb, 1891) Cobb, in Stiles and Hassall,

1905.
Synonym —Dipeltis minor Cobb, 1891.

Habitat —Marine ; in sand on the coast of Ceylon.

Cobb’s description of this species is based on a single male
specimen. This was 1-26 mm. long. The rest of the measure-
ments in the following description have been obtained by
caleulation from Cobb’s  formula,” The maximum thickness
is about 0-03 mm. The head is *“ almost acute.” The lateral
organs are ellipsoidal, and their length is ** one-fifth as great
as the distance between the mouth and the nerve-ring.”
The cuticle is without conspicuous bristles. The cesophagus
is about 0-24 mm. long. ' The portion of the alimentary
canal immediately behind the distinct cardiac collum 18
usually pressed to one side by the large ventral gland, which is
two-thirds as wide as the body and twice as long as wide.” The
nerve-ring is situated at about 0-1 mm. from the anterior end.

The tail is 0-1 mm. long and is provided with a spinneret.
The spicules are filiform, curved and of nearly equal thickness
throughout. They are about 0:024 mm. long. “An accessory
piece less than half as long as the spicula is seen to curve
inward and backward from the anus.”
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11. Family ONCHOLAIMIDA Baylis and
Daubney, 1926.

Typically small, free-living forms with a buccal cavity having
chitinoid walls and containing usually three teeth, of which
one is dorsal and two subventral. One or more of the teeth
may be absent, or additional teeth or denticles may be developed.
(Esophagus with or without a posterior bulb.

Subfamily ONCHOLAIMINAE Micoletzky, 1922.

Pharynx typically rather spacious, containing three teeth,
frequently at or near its base. One or more of the teeth may
be absent, or additional teeth may be developed on the walls of
the pharynx. (Esophagus typically club-shaped, exceptionally
with a posterior bulb.

1. Genus ONCHOLAIMUS Dujardin, 1845.

Synonyms ;—Viscosia de Man, 1890 ; ;llc'(o;xclloininzrcs_ Filipjev,
1918 ; Adoncholaimus Filipjev, 1918 ; Prooncholaimus Micoletzky.
1924,

Some species of relatively large size (25-30 mm.). Cuticle
unstriated, sometimes glutinous. Bristles usually present on
the tail, and papille or bristles frequently present towards
both extremities. Head not distinct, with rounded lips and
usually with bristles. Lateral organs transversely elliptical.
Pharynx spacious, cylindrical or six-sided, containing a dorsal
and two subventral teeth. One of the subventral teeth is
larger than the others, and all the teeth carry the ducts of
@sophageal glands. (Esophagus gradually swollen behind,
without bulb. Ocelli gometimes present. A single accessory
piece may be present. Testis single or paired. Female
genital tubes paired and opposed, or single and anterior,
always reflexed. A peculiar “tubiform organ” typically
present in the body-cavity of the female, opening by paired
lateral pores near the anus. Caudal glands present. Special-
ized spinneret apparently absent. Worms mostly marine,
a few species in fresh or brackish water.

Genotype :—Oncholaimus attenuatus Dujardin, 1845 (2).

Key to Species.

Each lip bears a flat, spine-like process . ......... indicus, p. 242.
Each lip bears a minute papilla .......,cc000.n. chilkensis, p. 243.

NEM. R
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10. Family ALAIMIDA Micoletzky, 1922.

Free-living forms, mostly marine, but sometimes terricolous
or freshwater. Buccal cavity absent or extremely small.
(Esophagus generally without a true muscular bulb containing
valves. Reproductive organs simple. Sexes generally dis-
tinet. Oviparous, producing few and large eggs.

1. Genus DIPLOPELTIS Cobb, in Stiles and Hassall, 1905.
Synonym :—Dipeltis Cobb, 1891, nec Packard, 1885.

Cuticle very finely striated, with or without conspicuous
bristles. Head with three lips, of which one is more pointed
than the others, and spear-like. In the genotype there are
four submedian rows of about twelve stout bristles on the
neck. Lateral organs with a thickened margin, more pointed
in front than behind and extending to the base of the lips. The
very small buccal capsule ‘ seems to be armed with & minute
labial spear.” (Esophagus club-shaped. Ocelli sometimes
present. An accessory piece present, with a posterior process.
Testes apparently paired and opposed. Female genital organs
unknown. Caudal glands present. Worms marine. -

Genotype —Diplopeltis typicus (Cobb, 1891).

1. Diplopeltis minor (Cobb, 1891) Cobb, in Stiles and Hassall,
1905.

Synonym :—Dipeltis minor Cobb, 1891.

Habitat ~—Marine ; in sand on the coast of Ceylon.

Cobb’s description of this species is based on a single male
specimen. This was 1-26 mm. long. The rest of the measure-
ments in the following description have been obtained by
caleulation from Cobb’s * formula.” The maximum thickness
is about 0-03 mm. The head is *“ almost acute.” The lateral
organs are ellipsoidal, and their length is one-fifth as great
as the distance between the mouth and the nerve-ring.”’
The cuticle is without conspicuous bristles. The @sophagus
is about 0-24 mm. long. * The portion of the alimentary
canal immediately behind the distinct cardiac collum is
usually pressed to one side by the large ventral gland, which is
two-thirds as wide as the body and twice as long as wide.” The
nerve-ring is situated at about 0-1 mm. from the anterior end.

The tail is 01 mm. long and is provided with a spinneret.
The spicules are filiform, curved and of nearly equal thickness
throughout. They are about 0:024 mm. long. “An accessory
piece less than half as long as the spicula is seen to curve
inward and backward from the anus.”
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11. Family ONCHOLAIMIDA Baylis and
Daubney, 1926.

Typically small, free-living forms with a buccal cavity having
chitinoid walls and containing usually three teeth, of which
one is dorsal and two subventral. One or more of the teeth
may be absent, or additional teeth or denticles may be developed.
(Esophagus with or without a posterior bulb.

Subfamily ONCHOLAIMINE Micoletzky, 1922.

Pharynx typically rather spacious, containing three teeth,
frequently at or near its base. One or more of the teeth may
be absent, or additional teeth may be developed on the walls of
the pharynx. (Bsophagus typically club-shaped, exceptionally
with a posterior bulb.

1. Genus ONCHOLAIMUS Dujardin, 1845.

Synonyms :—Viscosia de Man, 1890; Metoncholaimus Filipjev,
1018 ; Adoncholaimus Filipjev, 1918 ; Prooncholaimus Micoletzky,
1024,

Some species of relatively large size (25-30 mm.). Cuticle
unstriated, sometimes glutinous. Bristles usually present on
the tail, and papille or bristles frequently present towards
both extremities. Head not distinct, with rounded lips and
usually with bristles. Lateral organs transversely elliptical.
Pharynx spacious, cylindrical or six-sided, containing a dorsal
and two subventral teeth. One of the subventral teeth is
larger than the others, and all the teeth carry the ducts of
cesophageal glands. (Esophagus gradually swollen behind,
without bulb. Ocelli sometimes present. A single accessory
piece may be present. Testis single or paired. Female
genital tubes paired and opposed, or single and anterior,
always reflexed. A peculiar “tubiform organ” typically
present in the body-cavity of the female, opening by paired
lateral pores near the anus. Caudal glands present. Special-
ized spinneret apparently absent. Worms mostly marine,
a few species in fresh or brackish water.

Genotype :—Oncholaimus attenuatus Dujardin, 1845 (2).

Key to Species.
Each lip bears & flat, spine-like process .......... indicus, p. 242.
Each lip bears a minute papilla ....... R R al e o chilkensis, p. 243.
NEM. R
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1. Oncholaimus indicus v. Linstow, 1907. (Fig. 114.)

Habitat :—Among filamentous. algm in a pool of brackish
water at Port Canning, Matla estuary, Lower Bengal (v,
Linstow) ; also in a canal of brackish water on the outskirts
of Calcutta (Stewart).

The male measures 2:43-2-71 mm. in length and 0-05-
0:053 mm. in maximum thickness, the female 2-2-71 mm. and
0-057-0-068 mm. respectively. The body tapers gradually
towards both ends. The cuticle is smooth. In the male
there are a few bristles in the cesophageal region, and a row
of nine or ten bristles in front of and behind the cloacal
aperture. In both sexes there are a few bristles at the tip
of the tail. The head is truncate, and there are six mobile,
leaf-like, semicircular lips, each bearing a sharp, flat, spine-
like process (Stewart). There are no bristles on the head.

Fig. 114.—Oncholaimus indicus. Anterior end of female, viewed from
left side. (After Stewart.)

The pharynx is cylindrical and measures 0-034-0-037 mm.
in length and 0-014 mm. in diameter. In its anterior half it
contains three teeth, one dorsal and two subventral. The
right subventral tooth is larger and more anteriorly placed
than the others. The esophagus is 0-357-0-374 mm. long
and, according to Stewart, is club-shaped, “ with a small
segment, also muscular, at its posterior extremity, chsthct.ly
separated from the main mass. This small segment projects
into the lumen of the intestine.” The nerve-ring and e)Z(iretory
pore are gituated, according to Stewart, at 0-0017 [* 0-017] mm.
from the anterior extremity. "

The tail, in both sexes, is constricted at a short distance
behind the anus, and is then continued as a cylindrlcal appen-
dage, 0-076-0-085 mm. long, which is bent ventrally near the
tip. The length of the tail in the male is 1/25-6 of the total
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length. The spicules are sabre-shaped and 0:034 mm. long.
There is a hollow, conical accessory piece.

The tail of the female is 0-125-0-129 mm. long. The vulva
is situated in the middle of the body, or a little behind it.
The genital tubes are paired, opposed and reflexed. A * tubi-
form organ ™ has not been observed. The eggs are produced
two at a time. v. Linstow gives their dimensions as 0-78
{2 0:078]<0-047 mm. According to Stewart they measure
0-272 [? 0-072] mm. in length.

2. Oncholaimus chilkensis Stewart, 1914.

Habitat :-—Among filamentous alge and in Spongilla sp.;
Chilka Lake.

The male of this species is unknown. The female measures
1:54-2-7 mm. in length and 0:057-0-074 mm. in maximum
thickness. The head is marked off from the body by a slight
but abrupt increase in width at the posterior end of the pharynx.
There are six mobile lips (two lateral and four submedian),
each bearing a minute papilla, but cephalic bristles are absent.
** Hairs occur irregularly in the cesophageal region, one marked
row in each lateral line in this region. No bristles at the vulva
or anus.” The lateral organs are situated at 0-019 mm. from
the anterior end. The pharynx is eylindrical and measures
0:032-0-039 mm. in length. The right subventral tooth is
large, the dorsal and left subventral teeth smaller. The
@sophagus measures 0-269-0-323 mm. in length and 0-029-
0-042 mm. in maximum thickness. There are no ocelli.
The nerve-ring is situated at 0-104 mm. from the anterior end
of the msophagus.

The tail is 0-136-0-15 mm. long. Its basal portion is conical,
while its terminal portion is cylindrical, 0:075 mm. long and
ventrally curved. At the junction of the two portions there
is a very slight annular constriction. The vulva is situated
at 1-14-1:45 mm. from the posterior end of the body, and the
genital tubes are paired.

2. Genus CHROMADORA Bastian, 1865.

Synonyms :—Acanthopharynz Marion, 1870 (7); Ethmolaimus
“de Man, 1880 ; Euchromadora de Man, 1886 : Graphonema Cobb,
1898 ; Chromadorissa Filipjev, 1917 ; Spilophorella Filipjev,
1917 ; Chromadorina Filipjev, 1918: Chromadorella Filipjev,
1018 ; Spilipherella Filipjev, 1918 ; Odontocricus Steiner, 1918 ;
Polysigma Cobb, 1920 ; Peycholaimellus Cobb, 1920 ; Chroma-
dorita Filipjev, 1922; Prochromadora Filipjev, 1922; FEndo-
laimus Filipjev, 1922,

Cuticle striated, usually with submedian bristles. Lateral
ale usually absent, except in marine forms. Head without

lips, but with six to twelve papille. Submedian cephalic
R 2
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bristles usually present ; lateral cephalic bristlesabzent. Lateral
organs in the form of grooves or transversely oval, rarely
definitely spiral. Pharynx typically in two portions, the
anterior wide, the posterior funnel-shaped. The anterior
portion has longitudinal rod-like thickenings (or folds?)
i its wall, and usually contains a dorsal tooth, and some-
times two subventral teeth. (Esophagus with a more or less
distinct posterior swelling, but usually without & bulb. Caudal
end of male with or without preanal papille. Postanal
papille absent. Spicules sometimes unequal and dissimilar.
Accessory piece complex, consisting of a posterior, a median
and two lateral portions. Testis usually single. Female
genital tubes paired, opposed, reflexed. Caudal glands
present. Spinneret present or absent. Worms marine,
in fresh water, or in the soil.
Genotype :—Chromadora vulgaris Bastian, 1865,

1. Chromadora ocellata (Carter, 1859) Bastian, 1865.
Synonyms :— Urolabes ocellata Carter, 1859; Phanoglene acellata
Eberth, 1863.

Habitat :—* Silty clots of Oscillatoria floating in the salt-
water main drain of the town of Bombay.”

The only description of this species available is the very
inadequate account given by Carter, and it is doubtful whether
the species can be recognized. Bastian considered it to be
a Chromadora. The length of the worm is given as about
1/32 in. [0-78 mm.]. The head is blunt and bears four short
bristles. There is no pharynx, according to Carter’s figure.
The wsophagus is figured as expanding rather suddenly into
a bulb-like swelling behind. A pair of reddish ocelli is present.
The tail is short and somewhat curved, and has a pointed
terminal spike. The spicules are broad.

Subfamily DESMODORINZA Baylis and Daubney, 1926.

Pharynx variable in shape, typically containing a single
forwardly-directed (dorsal) tooth. (Esophagus with or with-
out a posterior bulb.

1. Genus THORACOSTOMA Marion, 1870.

Synonyms :—Hemipsilus de Quatrefages, 1846; LDeontostoma
Filipjev, 1016; Jagerskidldia Filipjev, 1016: Leptosomatides
Filipjev, 1918,

Cuticle finely striated, without bristles except in the cervical
region and in the caudal region of the male. Head not
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distinet, but narrowed, with two crowns of bristles and covered
by a specialized cuticular cap. Pharynx short, three-sided,
containing a dorsal tooth which may be simple or bilobed.
(Esophagus without bulb. Ocelli present, sometimes furnished
with lenses. Caudal end of male with several pairs of ventral
preanal and postanal bristles. There may be a single median
preanal supplementary organ and two rows of submedian
supplementary organs. A bipartite accessory piece present.
Testes opposed, outstretched. Female genital tubes paired,
opposed, reflexed. Caudal glands and spinneret present.
Worms marine.
Genotype :—Thoracostoma echinodon Marion, 1870 (%).

1. Thoracostoma indicum (Stewart, 1914).

Synonym :— Leptosomatum indicum Stewart, 1014,

Habitat :—** Manikpatna, outer channel of Chilka Lake . ..
from Alg® on an oyster-shell.”

Stewart’s description, which was based on a single male
specimen, seems to suggest a species of Thoracostoma rather
than of Leptosomatum. The worm, according to Stewart,
is 5 mm. long and measures 0-088 mm. in maximum thickness.
The head is rounded and 0:033 mm. wide, and bears a crown
of four short and stout hairs. The mouth is surrounded by
a membranous ring. ‘A cap of yellow cuticular substance
lies under the cuticle of the head, the base of the cap reaching
to a distance of 0-022 mm. from the anterior extremity.
The cap when seen in optical section presents the appearance
of distinct skeletal pieces.” The cuticle of the body is smooth
and bears no hairs. The lateral organs are spherical capsules
with oval pores. The nearly cylindrical asophagus measures
0-799 mm. in length and 0-033 mm. in greatest thickness.
There is a pair of black ocelli, with a tinge of red, situated
at 0-56 mm. from the anterior end. The nerve-ring is situated
at 0-289 mm. from the same point.

The tail is bluntly rounded and measures 0-078 mm. in
length. The lips of the cloacal aperture are slightly prominent.
There is a4 median papilla at 0-071 mm. in front of the aperture.
Three tubular caudal glands are present. Their duct is
dilated to form a * biscuit-shaped ** ampulla. The spicules
are broad and hollow, and measure (-088 mm. in length.
There is a single accessory piece.
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Order STRONGYLOIDEA Weinland,
1858.

Parasitic forms in which the mouth is of varying structure,
but never has three distinct lips. A buceal capsule frequently
present. (Esophagus more or less club-shaped, without
a posterior bulb. Males with a terminal or subterminal caudal
bursa, supported by a system of rays consisting typically of
six bilaterally symmetrical pairs and a median unpaired dorsal
ray with accessory branches.

venlral system venlro-entral

lilerosentral

wlero-laterol
~ medio-Aateral
oosterofilera)

exlerno-obrsal

lateral
syslem

. abrsal,

—

dorsal System

Fig. 115.—Diagram of the bursa of the Strongyloidea. (After Baylis.)

The general arrangement of the rays of the bursa is constant
throughout the group, though it may be more or less masked
in certain forms (Metastrongylid®) in which they are much
reduced. Their arrangement, and the nomenclature here
adopted for them, will be best understood from the accompany-

ing diagram (fig. 115).

12. Family STRONGYLIDA Baird, 1853.

Medium-sized or rather small parasitic forms in which there
is a well-developed buceal capsule in the adults. The anterior
margin of the capsule is without tooth-like structures or
cutting-plates, but is usually guarded by a circular fringe of
leaf-like or bristle-like cuticular elements, known as a corona
radiata or ** leaf-crown.” There is frequently one such leaf.
crown at the entrance to the buccal capsule and another
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springing from within its walls a little further back. In this
case the former is referred to as the external and the latter
as the internal leaf-crown. From the possession of these
palisade-like fringes some of the Strongylide have received
the name of “* palisade-worms.” 3

The bursa of the male is well developed, and®*the rays, as
a rule, show little departure from the typical arrangement.
In some genera the dorsal lobe is exceptionally highly developed,
and the dorsal ray becomes complicated by the development
of accessory branches.

The life-history, so far as is known, is always direct. The
females are oviparous.

Subfamily STRONGYLINAE Railliet, 1893.

Buccal capsule relatively large, more or less subglobular
or funnel-shaped. The dorsal gutter (a median longitudinal
thickening in the dorsal wall of the capsule, carrying the
terminal duct of the dorsal cesophageal gland) is usually
well developed and extends nearly to the anterior margin of
the capsule. Worms parasitic in the alimentary canal of
vertebrates.

Key to Genera.

Parasite of & bird (Rhea) ... .cccviuinrss DELETROCEPHALUS,
Parasites of the horse tribe and elephants . 1. [p. 261.
1. Buccal capsule with dorsal gutter ........ 2.
Dorsal gutter apparently absent.......... 4,
2. BElements of external leaf-crown of two y
Iengths .. ooveiiieiarirerreeanannnanas EQUINURBIA, p. 258.
Elements of external leaf-crown of uniform
length ..coovectiiiioairiiinnnancanas 3.
3. Buccal capsule with two or four teeth at
its base, or without teeth .............. STRONGYLUS, p. 247.
Bucecal capsule with six teeth at its base. .. TRIODONTOPHORUS,
4. Buccal capsule goblet-shaped, with a [p- 253.
circular ridge posteriorly..,........ce00 (ESOPHAGODONTUS,
Buccal capsule elongate, narrowing pos- [p. 256.
FOHHOTIY o eiors s oo b aoh o bihiete s iwaaels CHONIANGIUM, P. 259.

1. Genus STRONGYLUS Miiller, 1780.

Synonyms —~Sclerostoma Rudolphi, 1809, et auctt. ; Sclerostomum
auctt.

Elements of external leaf-crown numerous. Internal leaf-
crown may be rudimentary or absent. Buccal capsule more
or less cup-shaped, thick-walled, with an external cuticular
ridge immediately behind its anterior border. Teeth may be
present towards the base of the capsule. Dorsal gutter well
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developed. Bursa of male small, entire. Spicules not barbed.
Uterine branches opposed. Adults in the large intestine
of Equid= and elephants.

Genotype :—Strongylus equinwus Miiller, 1780, of Looss, 1900.

. Key to Subgenera.
Buccal capsule without teeth ............ ALFORTIA, p. 250.
Buccal capsule with teeth near its base ... 1.
R AL OV A T STRONGYLUS, p. 248.
et WO i S S e o e 2.
ZiaTeath - dorsall s ) oSy g s R DELAFONDIA, p. 251,
ALY T 2 ) el D SRR e DECRUSIA, p. 251.

Subgenus STRONGYLUS Railliet, 1923.

Buccal capsule with two dorsal and two subventral teeth
atits base. Genital cone of male well developed. An accessory
piece present. Adults parasitic in Equida.

Type-species :—S. (Strongylus) equinus DMiller, 1780, of
Looss, 1900. ‘

1. Strongylus (Strongylus) equinus Miiller, 1780, of Looss, 1900.
(Fig. 116, A.)

Synonyms :—Strongylus equinus Miller, 1780 (part); Strongylus
equorum Zeder, 1800 (part); Strongylus armatus Rudf)lphl,
1802 (part) ; Strongylus armatus major Rudolphi, 1809 ; Sclero-
stoma equinum de Blainville, 1828, Looss, lUl}{)': SfJ'UNEL.'/liw
neglectus Poeppel, 1897 ; ? Strongylus asininus Viborg, 1795 ;

¥ Piguris armatum Ward, 1895,

Hosts -—This species occurs in the colon and cecum of the
horse, donkey, mule and zebra, almost wherever these animals
are found. According to Boulenger it is present in almost
every horse in the Punjab. v. Linstow records it from the
horse at Colombo, Ceylon, while Gaiger states that it 1s very
common in the horse in India, and also records it from Burma.
It is, however, possible that some of Gaiger’s records refer
to other species, since he mentions that it is ** common in the
circulatory apparatus,” which points rather to the larvae of
S. vulgaris.

The male measures 26-35 mm. in length and 1-1-1:3 mm.
in maximum thickness, the female 3847 mm. and 1:8-2:25 mm.
respectively., The head is not marked off from the body.
The buccal eapsule is oval and measures about 1:1 mm. in
length and 0:8-0-9 mm. in maximum width. The external
leaf-crown consists of numerous simple, leaf-like elements,
The elements of the internal leaf-crown are small and hair-like.
The two conical dorsal teeth arise bythe bifurcation of a single



wth from the dorsal gutter near its base. Th
ventral teeth are also conical, but smaller and si '
er back. The @sophagus measures 1:7-1-8 mm. in length |
“in the male and 2-3-2-5 mm. in the female. The excretory
- pore is situated close behind the mouth-collar.

200u

B — Anterior ends of three species of Strongylus, inus,
g Fie. 116. Jateral view ; B, S. e;guatw,domalvnew c "
lateral view. (From Baylis, after Theiler, ) N

~ The dorsal ray of the bursa is about 0-5-0-6 mm. long.
i ts branches originate rather close together and are of sub-

e taﬂgﬂclpf the female is bluntly tapering and 0-5-0-6 mm.
¢, The vulva is situated at 12-14 mm. from the posterior

extren ty-‘
RN
!
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Subgenus ALFORTIA Railliet, 1923.

Buccal capsule without teeth. Genital cone well developed.
An accessory piece present. Adults parasitic in Equid,
Type-species :—S. (Alfortia) edentatus (Looss, 1900).

2. Strongylus (Alfortia) edentatus (Looss, 1900) Railliet and
Henry, 1909. (Figs. 116, B, & 117.)

Synonym :—Sclerostoma edentatum Looss, 1900.

Hosts :—This species may occur in any member of the horse
tribe, and is of cosmopolitan distribution. Boulenger found it
to be abundant in horses in the Punjab.

The male measures 23-28 mm. in length and 1-3-1-5 mm. in
maximum thickness, the female 3344 mm. and 1-6-2-2 mm.

Fig. 117.—Strongylus edentatus. Bursa of male ; lateral view.
d., dorsal ray. (From Baylis, after Theiler.)

e

respectively. The head is marked off from the body by a con-
striction, which is especially noticeable in the female. The
buccal capsule is cup-shaped, narrowing considerably towards
the base. It measures 0-8-1-1 mm. in length and 0-8-1:15 mm.
in maximum width. The elements of the external leaf-crown
are numerous, simple and pointed, those of the internal leaf-
crown short and conical. The wsophagus measures about
1-8 mm. in length in the male, 2 mm. in the female. The
excretory pore is situated close behind the mouth-collar.

The dorsal ray of the bursa is 0-4-0-475 mm. long and
has slender branches, of which the outermost is the longest.

The tail of the female is 0-45-0:6 mm. long and bluntly
tapering. The vulva is situated at 10-12 mm. from the
posterior extremity.
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Subgenus DELAFONDIA Railliet, 1923.

Buccal capsule with two dorsal teeth towards its base.
Genital cone very feebly developed. An accessory piece
present. Adults parasitic in Equidze.

Type-species :—8. (Delafondia) vulgaris (Looss, 1900).

3. Strongylus (Delafondia) vulgaris (Looss, 1900) Railliet and
Henry, 1909. (Fig. 116, C.)

Synonym :—=Selerostoma vulgare Looss, 1900,

Hosts :—This species may occur in any member of the horse
tribe, and is of cosmopolitan distribution. Boulenger found
it to be common in horses in the Punjab.

The male measures 14-16 mm. in length and 0:75-0-95 mm.
in maximum thickness, the female 20-24 mm. and 1-1-4 mm.
respectively. The head is not marked off from the body.
The buccal capsule is cup-shaped, but somewhat asymmetrical
when seen in lateral view, its wall being more convex on the
dorsal than on the ventral side. It measures up to about
0-6 mm. in length and slightly less in maximum width.
Two large, rounded teeth arise by the bifurcation of a
single process at the base of the dorsal gutter. The
elements of the external leaf-crown are fringed. Those of
the internal leaf-crown are apparently represented by a circle
of irregularly-shaped bodies within the mouth-collar. The
wsophagus is 1-3-1'4 mm. long in the male, 1-5-1-7 mm.
in the female. The excretory pore and cervical papille are
situated at about the level of the nerve-ring (1-45 mm. from the
anterior extremity).

The dorsal ray of the bursa is 0-55-0-6 mm. long, and
has rather stout main branches.

The tail of the female measures 1-1-2 mm. in length, and is
glender and pointed. The vulva is situated at about 6-8 mm.

from the posterior end.

Subgenus DECRUSIA Lane, 1914,

Mouth subterminal, facing slightly dorsally. Buccal cap-
sule with two subventral teeth at its base. Accessory piece
absent. Adults parasitic in elephants.

Type-species :—8. (Decrusia) additicius Railliet, Henry and
Bauche, 1914.
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4. Strongylus (Decrusia) additicius Railliet, Henry and Bauche,
1914.
Synonyms :—Strongylus additictus* Railliet, Henry and Bauche,

1914 ; Decrusia decrusi Lane, 1914 ; Decrusia additicia Railliet,
Henry and Bauche, 1915 ; Decrusia additictia Khalil, 1922,

Host :—Indian elephant (large intestine). This species,
originally recorded by Railliet, Henry and Bauche from
Indo-China, was also obtained by Lane in Travancore.

The male measures 14-20 mm. in length and 1-1-4 mm. in
maximum thickness, the female 15-24 mm. and 1-4-1-6 mm.
respectively. The cuticular striations are at intervals of
10-13y. The head is not distinct from the body. The buccal
capsule is oval and measures about 0-5 mm. in length and
0-45 mm. in maximum width. The dorsal gutter is well
developed, but without teeth. There are two triangular
subventral teeth near the base of the capsule. The external
leaf-crown consists of 140 to 150 slender elements. The so-
phagus measures 1-75-1:9 mm. in length. The excretory
pore is situated at 1 mm., and the nerve-ring at 1-1 mm., from
the anterior end.

The dorsal lobe of the bursa is produced into a sharp point.
The dorsal ray is undivided until near its tip. Its terminal
branches are rather variable in number and disposition.
There may be two or three on each side. The spicules are
2-:3-2-45 mm. long, and taper to fine points.

The tail of the female is about ('3 mm. long, and is bluntly
conical, but sometimes has a short terminal spike. There
18 a pair of caudal papille at 0-05 mm. from the tip. The
vulva is situated at 7-3 mm. from the posterior extremity,
and the body is abruptly narrowed behind it. The vagina
runs forward from the vulva. It “is folded and enters
a bilobed muscular ovejector apparatus, from which the two
diverging uteri spring, the caudad of these having a very
short candad course before turning sharply cephalad » (Lane).
The eggs are oval, with thin shells, measuring 0-065-0-075 %
0:04-0-045 mm. Their contents are segmenting at the time
of laying.

Life-history of the species of Strongylus.—The life-history
of these worms is not yet known in complete detail, but in
broad outline it appears to be somewhat as follows. The eggs
passed to the exterior with the droppings of the host hatch
within about two days, and during the next four to seven

* additictus was the original spelling, but is assumed to have heen
a misprint, as additicius occurs later in the same paper.
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days the larvee undergo two moults. The cuticle of the
second moult is retained, and the larvs are now at the infective
stage. They are capable of climbing up on to herbage,
and are very resistant to drying and to changes of temperature.
If ingested by a suitable animal, they moult again and pene-
trate into the wall of the large intestine, where some of them
may become temporarily encysted under the mucous membrane.
The majority, however, apparently enter the blood-vessels
and are carried by the blood-stream to different parts of the
body. Fourth-stage larvae of Strongylus equinus are found
mainly in the liver, pancreas and perirenal tissue, and those of
S. edentatus under the parietal peritoneum. The larva of
S. vulgaris, according to Olt (1932), normally migrate by way of
the portal system and right heart to the lungs and trachea, are
swallowed again and become adult in the colon. Frequently,
however, the larva of this species become lodged in the
mesenteric arteries, where they cause thrombi and aneurisms,
and may grow to a length of 20 mm.

It has been suggested that the larvae of all the species
ultimately leave the various organs in which they are lodged,
and return to the intestine by boring through its wall from
outside. Though this may sometimes occur, it seems not
unlikely that the normal course of migration is similar in all
cases to that described by Olt for S. vulgaris, and that larvae
found in such organs as the liver and pancreas have “ lost
their way,” and are mostly destined never to become adults.

2. Genus TRIODONTOPHORUS Looss, 1902,

Synonym :—T'riodontus Looss, 1900, ner Westwood, 1845,

External and internal leaf-crowns present, their elements
of equal number. Buccal capsule almost globular, rather
gmall, but with relatively thick walls. Dorsal gutter present.
From the cesophageal funnel three pairs of teeth project into
the buccal capsule. Spicules terminate in small hooks.
Vulva relatively close to the posterior end of the body. Uterine
branches parallel. Adults parasitic in the large intestine of
Equide. ;

Genotype —T'riodontophorus minor (Looss, 1900).

Key to Speciss.

Tail of female more than (-4 mm. long ; mouth-
collar circular in optical section or somewhat

fattened. coeerecseroiiiii it serratus, p. 254.
Tail of female less than 0-2'mm. long ........ 1.
1. Mounth-collar flattened, widest, posteriorly .... minor, p. 254.

Mouth-collar high, widest anteriorly .. ...... brevicauda, p- 255.
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1. Triodontophorus minor (Looss, 1900) Looss, 1902.

Synonym :—T'riodontus minor Looss, 1900.

Host :—This species was found commonly in horses in the
Punjab by Boulenger.

The male measures 9-13 mm. in length and 0-7-0-8 mm. in
maximum thickness, the female 11-16 mm. and 0-75-0-85 mm.
respectively. The mouth-collar is flattened, especially at its
posterior margin, which sometimes tends to curl forward.
The buceal capsule measures (-12-0-19 mm. in length and
0-14—0-19 mm. in width. Each of the teeth has three promi-
nent anterior projections, the margins of which may be smooth
or deeply serrated. Each leaf-crown contains about 44 to 50
elements. The esophagus is 0-92-1:15 mm. long. The
excretory pore and cervical papilla are situated a little behind
the nerve-ring, at 0-6-0-8 mm. from the anterior extremity.

The dorsal lobe of the bursa is rather long. The spicules
measure about 1-7 mm. in length, and have a short spur at
the point where the tips bend forward. The tail of the female
i5 0-13-0-17 mm. long. The vulva is situated at 0-44-0-7 mm.
from the anus. The eggs measure 0-076-0:09 < 0:04-0-05 mm.

2. Triodontophorus serratus (Looss, 1900) Looss, 1902.
(Fig. 118.)

Synonyms :—T'riodontus serratus Looss, 1900; Triodontophorus
intermedius Sweet, 1909, :

Host :—This species was found by Boulenger on several
occasions in horses at Lahore and Sargodha, Punjab. Tt is
also recorded by v, Linstow from ponies on Iranativu, Ceylon,

FRM.

Fig. 118, —Triodontophorus serratus. Anterior end ; lateral view.
(From Baylis, after Yorke and Maplestone.)
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The male measures 14:5-20 mm. in length and 0-65-0-8 mm.
in maximum thickness, the female 16:5-26 mm. and 0-65—
1-1 mm. respectively. The mouth-collar is variable in shape,
and may be circular in optical section or somewhat flattened.
The buccal capsule measures 0-1-0-13 mm. in length and
0-14-0-18 mm. in width. The edges of the teeth, which
extend to about the middle of the capsule, are usually denticu-
late. Each leaf-crown contains 48 to 55 elements, those of the
internal crown being small and plate-like. The cesophagus
i8 0-97-1-6 mm. long. The excretory pore and cervical papille
are situated just behind the nerve-ring, at 0-54-0:95 mm. from
the anterior extremity.

The dorsal lobe of the bursa is short and broad. The spicules
are stout, and have their tips curved into a hook, with a barb
on the opposite side of the shaft a little before the tip. The
tail of the female is 0-45-0-8 mm. long. The vulva is sitnated
at 1-45-2-7 mm. from the posterior end. The eggs measure
0-076-0-1 ¢ 0-04-0:05 mm.

3. Triodontophorus brevicauda Boulenger, 1916. (Fig. 119.)

Host :—This species was found once by Boulenger among
material from a horse at the Punjab Veterinary College,
Lahore. It was first recorded in England.

Fig. 119 —Triodontophorus brevicauda. Bursa of male ; lateral view.
Bas 2> (After Boulenger, in * Parasitology.’)
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The male meagures 13:5-15 mm. in length and 0:6-0-75 mm.
in maximum thickness, the female 13-5-17 mm. and 0-67—
0:9 mm. respectively. The mouth-collar is high and erect,
almost funnel-shaped, and widest at its anterior margin.
The buccal capsule measures 0-15-0-21 mm. in length dnd
0-18-0-25 mm. in width. The edges of the teeth, which
barely reach the middle of the capsule, are notched but
usually not denticulate. Each leaf-crown contains an average
of 60 elements. The cesophagus is 0:9-1-4 mm. long. The
excretory pore and cervical papille are sitnated at about the
level of the nerve-ring, at 0-73-0-9 mm. from the anterior
extremity.

The dorsal lobe of the bursa is long. The spicules are
slender, with their tips strongly recurved and having hammer-
shaped barbs at their junction with the shafts. The tail of the
female is 0-1-0-15 mm. long. The vulva is situated very
close to the anus, at about 0-3 mm. from the posterior end.
The body tapers rapidly behind the vulva so as to appear
obliquely truncate. The eggs measure 0-076-0-1 0-04 mm.

3. Genus (ESOPHAGODONTUS Railliet and Henry, 1902.

Synonym :—Pseudosclerostomum Quiel, 1919,

External and internal leaf-crowns present. Mouth-collar
depressed. Buccal capsule goblet-shaped, with a circular
ridge posteriorly. The lining of the wmsophageal funnel is
thrown into three small folds or teeth which do not project
into the buccal capsule. Dorsal gutter absent. Bursa entire.
Dorsal ray cleft to the point of origin of its accessory branches,
of which there are three pairs. Postero-lateral ray with
an accessory branch. Vulva relatively distant from anus.
Uterine branches parallel. Adults parasitic in Equidze.

Genotype :—@sophagodontus robustus (Giles, 1892).

1. Esophagodontus robustus (Giles, 1892) Railliet and Henry,
1902, (Figs. 120 & 121.)

Synonyms :—Sclerostoma  robustum Giles, 1892; Pseudosclero-
stomum securiferum Quiel, 1919,

Hosts .—This species occurs in the colon and cmcum of
horses, mules and zebras in various parts of the world, Put
does not appear to be a very common parasite. It was first
recorded by Giles from a mule in India, and has also been
found in horses in the Punjab and elsewhere (Montgomery,
Boulenger).

The male measures 15-16 mm. in length and 0-95-1 mm. in
maximum thickness, the female 19-22 m. and 1-1-1-5 mm,
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Fig. 120.—@Esophagodontus robustus. Anterior end. (After Theiler.)
Fig. 121.—@Esophagodontus robustus. Bursa of male ; lateral view.
(After Boulenger, in * Parasifology.’)

NEM. 5
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respectively. The head is marked off from the body by a slight
constriction, and measures 0:5-0:8 mm. in width. The
buccal capsule has its wall greatly thickened externally at the
posterior end by an annular ridge. The capsule measures
0-22-0-32 mm. in length. Ifs maximum width, near the
anterior end, is 0-32-0-47 mm., and it is considerably narrowed
behind. The external leaf-crown consists of about 18 large
elements, and the internal leaf-crown of about 36 considerably
smaller elements. The @sophagus measures 1-3-1-7 mm. in
length. Its greatest width (up to 0-31 mm.) occurs just behind
the buccal capsule. It then narrows towards the middle and
widens again posteriorly. The excretory pore and the very
small cervical papille are situated slightly behind the nerve-
ring, at 1:2-1-3 mm. from the anterior extremity.

The genital cone of the male is short and broad, almost
hemispherical in shape, and bears a pair of lateral papille.
The spicules are long and slender, with blunt tips, and are
enclosed in a finely-striated sheath.

The tail of the female measures 0-43-0-7 mm. in length
and is variable in shape, often appearing mucronate. The
vulva is situated at 2-75-3-7 mm. from the posterior end.
The eggs are oval and thin-shelled, and measure 0-088-0-13 <
0-04-0-06 mm. Their contents are in an early morula stage
at the time of laying.

4. Genus EQUINURBIA Lane, 1914.

Body fairly stout. External leaf-crown composed of
numerons elements of two lengths, two short elements being
placed between each pair of long elements. Buccal capsule
subglobular, with a long dorsal gutter. Externo-dorsal rays
of bursa with two accessory branches and a dorsal boss.
Dorsal ray cleft for about half its length. The externo-
dorsal rays and two pairs of accessory branches of the dorsal
ray spring from the median stem of that ray. Vulva promi-
nent, close to the anus. Uterine branches parallel. Adults
parasitic in elephants.

(fenotype : Equinurbia sipunculiformis (Baird, 1859).

1. Equinurbia sipunculiformis (Baird, 1859) Lane, 1914.

Synonyms :—Sclerostorna sipunculifornie Baird, 1859 ; Sclerostoma
spinuliferum Cobbold, 1879 ;  Cylicostomum sipunculiforme
Railliet, Henry and Bauche, 1914,

Host :—Indian elephant (cecum).

The male measures, on an average, 15 mm. in length and
1-3 mm. in maximum thickness, the female 27-5 mm. and
1-5 mm. respectively. The head is marked off from the
body by a distinct “ neck.” The buccal capsule is cup-shaped.
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The dorsal wall of the capsule is slightly shorter than the
ventral, and the mouth is tiited slightly dorsally. The
external leaf-crown contains, according to Lane, 168 rays,
of which 56 are long and 112 short. The internal leaf-crown
consists of 112 short elements. The cesophagus is 2:3 mm.
long. It is somewhat enlarged immediately behind the buccal
capsule, then becomes cylindrical, and gradually enlarges
again behind the nerve-ring, which is situated at 0-6 mm. from
the anterior end. The excretory pore and cervical papill®
are situated slichtly behind the junction of the wsophagus
and intestine.

The spicules measure 1:5 mm. in length. The tail of the
female is 0-8 mm. long, and bears a pair of caudal papille at
0-35 mm. from the tip. Lane describes the posterior end of
the female as follows :—* The anus lies at the bottom of
a depression between the tail and a marked caudad-projecting
conical prominence, on the summit of which the vulva opens.
Baird and Cobbold have likened the whole effect, when the
tail is viewed from the side, to that of a Chinese woman’s
foot. .. The vagina runs cephalad for 17 mm. and then
divides into the two uteri which run cephalad side by side.
and are furnished with weak ovejectors, the bulbs of which
lic 15 mm. from the bifurcation. The ovarian coils reach
to a point 6 mm. caudad of the junction of the cesophagus and
chyle-intestine.” The eggs are thin-shelled and measure
0-06 ¢ 0-03-0-035 mm. Their contents are segmenting at the
time of laying.

5. Genus CHONIANGIUM Railliet, Henry and
Bauche, 1914,

Synonym —Asifia Lane, 1014,

Anterior extremity obliquely truncate, so that the mouth-
opening faces somewhat dorsally. External leaf-crown com-
posed of numerous long, fine elements. Int.(srn;\] lenf-crown
absent. Buccal capsule elongate, narrowing posteriorly.
No teeth in the buccal capsule, but paired hemispherical
bosses present on the internal surface of its wall. Dor:sml
gutter apparently absent. Postero-lateral ray of bursa with
a well-developed accessory branch. Externo-dorsal rays and
a pair of accessory branches of the dorsal ray both spring
from the median dorsal stem, the accessory branches being
cleft almost to their bases. Main stem of dorsal ray cleft
for less than half its length. An accessory piece present.
Tail of female short and straight. Vulva close to anus.
Uterine branches parallel.  Adults parasitic in elephants.

Genotype :—Choniangium epistomum (Piana, in Piana and

Stazzi, 1900). .
S
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1. Choniangium epistomum (Piana, in Piana and Stazzi, 1900)
Railliet, Henry and Bauche, 1914. (Fig. 122.)
Synonyms :—Sclerostoma epistomum Piana, in Piana and Stazzi,
1900 ; Asifia vasifa Lane, 1914,

Host :—Indian elephant (c@cum). Lane’s material was
obtained at Murshidabad, Bengal.

The male measures 14 mm. in length, the female 19 mm.
The greatest thickness occurs near the head, and is 0-75 mm.
in the male and 1 mm. in the female. The body of the male
narrows to 0-4 mm. posteriorly. The cuticular striations
are at intervals of 4 x. The buccal capsule is about 0-75 mm.

2

Fig. 122.—Choniangium epistomuni. Anterior end ; dorsal view.
2 (After Lane.)

long and has a maximum diameter, near the anterior end,
of about 0-35 mm. There are, according to Lane, * five
pairs of hemispheroidal cuticular prominences projecting
into the oral cavity. One pair of these lies caudad of its
equator close to the mid-dorsal duct. Ceplmlufl of these and
on a more ventral plane lies a second pair. 'V entrad of the
first pair, at about the level of the lateral lines, lies a third
pair, while a fourth pair lies ventrad of the second pair, gnd
nearer the mid-ventral line than the third. The fifth pair is
close to the ventral midline about the equator of the cavity.”
The external leaf-crown contains 53 converging rays. The
cesophagus is 1:5 mm. long, and gradually increases in dm‘mcujr
postcrim'ly to a maximum of 0:32 mm. The nerve-ring is
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gituated at 1-25 mm., the cervical papille at 2 mm., and the
excretory pore at 2:2 mm., from the anterior extremity.

“The spicules measure 2 mm. long. They are widest
about their equator. The peripheral part has a double S
curve gradually tapering to a very fine point. When seen
from the side the accessory piece is deeper caudad than
cephalad, but when seen from the dorsum the appearance is
the reverse, and at the same time the cephalad edge is deeply
notched ' (Lane).

The tail of the female is 0-5 mm. long, and bears a pair of
papille at 0-15 mm. from the tip. The vulva is situated at
0-8 mm. from the posterior end. “ The vagina runs cephalad,
slightly sinuous, for 1 mm. and then divides into the two
parallel cephalad-running uteri. The bulbs of the ovejectors
are situated 0-6 mm. from the vagina, The uteri end 8 mm.
further cephalad, and the ovarian coils extend to 1 mm.
caudad of the beginning of the chyle-intestine. The ova
measure 0:05 < 0-:025 mm." (Lane).

2. Choniangium 8p.

Ware (1924) has recorded immature specimens of a species of
Choniangium from nodules in the wall of the large intestine
of an elephant at Coorg, South India. It seems possible that
these may have been C. epistomum, although the transverse
striations of the cuticle were coarse (about 18 u apart) and
very prominent.

6. Genus DELETROCEPHALUS Diesing, 1851 *.
Synonym :(—Quasistrongylus Maplestone, 1932.

Head somewhat compressed laterally. Mouth elliptical and
directed anteriorly. Buccal capsule large and subglobular,
with an undulating anterior border, an external leaf-crown
consisting of six very broad, longitudinally-striated elements,
and an internal leaf-crown of numerous small elements. At
the base of the capsule a number of anteriorly-directed teeth,
including a dorsal pair which are longer than the rest. A small
cesophageal funnel present, with longitudinal ridges in its walls.
(Esophagus club-shaped, with stout cuticular lining. Bursa

* The systematic position of this genus is somewhat uncertain.
It was placed by Baylis and Daubney (1926) in the subfamily Tricho-
neming, but in view of the fuller descriptions now awvailable it ghould
perhaps be transferred to the Strongyline. Railliet and Henry, in 1911,
placed it, together with Codiostomum (n parasite of the ostrich), in
a special tribe, Deletrocephalem, of the Strongyline. Codiostomuimn,
however, is a typical member of the Strongylina, and Deletrocephalus
does not appear to be more closely allied to it than to other generd
of the subfamily.
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of male excised anteriorly. Prebursal papille absent. Ventral
rays short, close together and widely divergent from the
lateral rays. The lateral rays originate from a common
trunk, the postero-lateral being the longest. The externo-
dorsal rays originate from the stem of the dorsal ray. The latter
is bifurcate distally and gives off one or two pair.:s of accessory
branches before its bifurcation. The terminal branches are
simple. Spiculesslender. An imperfectly-chitinized accessory
piece present. Vulva situated on a large prominence close
to the anus. Uterine branches parallel. Adult worms
parasitic in a bird (Rhea). ’
Genotype —Deletrocephalus dimidiatus Diesing, 1851.

1. Deletrocephalus dimidiatus Diesing, 1851.

Synonyms :—Strongylus  dimidiatus Schneider, 1866 ; Quasi-
strongylus vheae Maplestone, 1932,

Host :—South American ostrich, or rhea (Rkea americana)
(intestine); Zoological Gardens, Calcutta (Maplestone).

There appears to be little doubt that, as Lins de Almeida *
has pointed out and Maplestone § has himself recognized, the
specimens recorded by Maplestone (1932, b) under the name
of Quasistrongylus rheax belonged to Diesing’s species, of
which a new description, based on South American material,
has been given by Travassos (1933).

This species appears to be very variable in size. Molin
(1861), indeed, recognized two varieties, major and minor, the
former measuring 16-26 mm., the latter 8-9 mm. in length.
Schneider’s specimens also seem to have been very large, as
he gives the length of the male as 18 mm. and that of the female
as 22 mm. According to Maplestone and Travassos the male
measures about 8:5-12 mm. in length and the female about
13-15 mm., and the maximum thickness of both sexes appears
to vary between about 0-35 mm. and 0-5 mm. The length
of the buccal capsule is given by Travassos as 0:072-0-104 mm.,
and by Maplestone as 0-125-0-13 mm. The former author
gives its diameter as 0-096-0-136 mm., the latter as 0:14—
(-144 mm., but it is not stated whether the latero-lateral
or the dorso-ventral diameter is referred to. According to
Travassos the number of teeth at the base of the capsule
is 13, there being six pairs and an unpaired ventral tooth.
Maplestone states that, while the long dorsal teeth have simple
points, the shorter teeth end in bifid points. Although neither
author mentions a dorsal gutter, both figure a structure

* Compt. rend. Soc. Biol., Paris, exviii, p. 285 (1935).
+ Ree. Ind. Mus, xxxvii, p. 335 {1935).
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which probably represents this organ, and which evidently
extends nearly as far as the mm?gin of the capsule. The
cesophagus is 0-64-0-85 mm. long. The nerve-ring is situated
at about 0-25-0-36 mm. from the anterior end. Travassos
states that the excretory pore and cervical papillm are also
at about this level, but Maplestone gives their distance from
the anterior end as 0-535 mm. in the male and 0-693 mm. in
the female.

The spicules of the male, according to Maplestone, are
equal, have recurved tips and measure 1 mm. in length.
According to TravasSos they are slightly unequal, and measure
respectively 0-94-097 mm. and 0-97-1 mm. Schneider
gave their length as ““ at least 5 mm.” The accessory piece,
according to Maplestone, measures 0-06 mm. in length and is
““in the form of a chitinized tube.” According to Travassos
it is imperfectly chitinized and shows radiating chitinous
thickenings in its middle portion, and two longitudinal pro-
longations. Judging from his figure, these prolongations are
at its anterior end. There is a genital cone bearing, according
to Maplestone, a pair of broad, mammilliform papille.

The tail of the female is tapering and pointed, and measures
about 0-21-0-22 mm. (vaassos)o or 0-27-0-36 mm. (Maple-
stone) in length. The vulva either opens upon, or is overhung
by, a large prominence a short distance from the anus.
According to Travassos the distance from the vulva to the
posterior extremity is 0-38-0-43 mm. Maplestone, however,
gives the distance from vulya to anus as 0-4 mm., S0 that the
distance from the vulva to the posterior end would be about
0-7 mm. The short, muscular vagina divides to form a pair
of muscular ovejectors which run forward parallel to ef'wh
other. The length of the whole muscular apparatus, according
to Travassos, is 0-88-1 mm., but according to Maplestone
apparently about 2 mm. The terminology employed by the
two authors for the various parts is, however, different, and
this renders comparison of the descriptions somewhat difficult.
The eggs measure about 0-16-0-17 % 0-07-0-08 mm.
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Subfamily TRICHONEMINA Railliet, 1916.

Bucecal capsule cylindrical, with relatively thick walls.
Dorsal gutter comparatively short, not reaching the anterior
margin of the capsule. No ventral cervical groove or cephalic
vesicle. Parasites of the alimentary tract of vertebrates.

Key to Genera.
Wall of buccal capsule widely separated from

ing of mouth-cavity................... QUILONIA, p. 284,
Wall of buccal capsule not widely separated
from lming of mouth-cavity............., 1.
1. Wall of buccal capsule divided into an anterior
ring-shaped and a posterior cup-shaped [p. 288.
e A iy 2 B 2 BourceLaTIA,
Wall of buccal capsule not so divided....... 2.
2. Elements of external leaf-crown longer
laterally than dorsally or ventrally ....... MURSHIDIA, p. 278,
Elements of external leaf-crown of uniform
Jangth G L e e see e a e e 3.
3. (Bsophagus hourglass-shaped .............. KiaAvLILIa, p. 282,
(Esophagus not hourglass-shaped .......... 4.
4. External leaf-crown consists of six elements.. KILULUMA, p, 286.
External leaf-crown consists of more than six
B N e S T e ey v e Ry et 5.
5. Dorzal ray of bursa of male bifurcate almost
A A T A e A o A R ATt e TRICHONEMA, p. 264,
Dorssl ray of bursa bifurcate for only about [p. 276,
e e M OO oo e o POTERIOSTOMUM,

1. Genus TRICHONEMA Cobbold, 1874.

Synonyms :—Cyathostomum Molin, 1861, and Looss, 1900 (nec
Cyathostoma Blanchard, 1849): Cylicostomum Railliet, 1901 ;
Cylichnostomum Looss, 1902,

External and internal leaf-crowns present. Buccal capsule
rather shallow, more or less cylindrical, without teeth. (Hso-
phageal funnel generally well developed. Dorsal ray of
bursa bifurcate almost to the point of origin of the externo-
dorsal rays. The two pairs of accessory branches of the
dorsal ray spring from the bifurcate portion and not from the
median stem. Spicules terminating in double hooks. Vulva
close to anus. Uterine branches parallel. Adults parasitic
in Equidea.

?cnot.ype ~Trichonema longibursatum (Yorke and Macfie,
1918).

Over thirty species of this genus have been described as
occurring in the cmeum and colon of members of the horse
tribe. Most of them occur indifferently in horses, donkeys,
mules and zebras, and are of cosmopolitan distribution.



TRICHONEMA. 265

The genus has been split up into eight subgenera, which some
authors would treat as genera. The four subgenera to be
dealt with here may be separated by means of the following
key :—
Elements of internal leaf-crown rod-like,
originating near anterior margin of buccal
CAPBUIO .. iciiehiiera sy eeseassnnaneens 1.

Elements of internal leaf-crown triangular
plates, originating some distance behind

anterior margin of buccal capsule ........... 2.
1. Wall of buccal capsule with a hoop-like [p- 271,
thickening posteriorly ....... ... oiiaa... CYLICOCYCLUS,
Wall of buccal capsule without a posterior (p- 265.
thickening .. ..coveeeeeecioanaranncaceeeas TRICHONEMA,
2. Posterior end of female straight or slightly bent (p. 268.
dOrsally «..oenesnenerevinsiisanainansioasas CYLICOSTOMUN,

Posterior end of female strongly bent dorsally
and shaped somewhat like a human foot in
lateral VIew . ...covreeiitcieterrsonsnenees

(p. 272.
CYLICOCERCUS,

Subgenus TRICHONEMA Le Roux, 1924.
Synonym (—Cylicostephanus Thle, 1922.

Mouth-opening circular. Mouth-collar depressed. Buceal
capsule usually long and ecylindrical, or somewhat narrowed
anteriorly. The elements of the internal leaf-crown are short
rods, situated in the immediate neighbourhood of the anterior
margin of the capsule. Tail of female usually straight.

Type-species :—1'. (T'richonema) longibursatwm (Yorke and
Macfie, 1918).

Key to Species.

Buceal capsule almost cylindrical...........--

Buceal capsule narrowed anteriorly ..........
1. External leaf-crown contains 8 to 10 elements. .

External leaf-crown contains 30 to 35 elements.

9. External leaf-crown contains 8 elements.......
Fxternal leaf-crown contains 14 to 18 elements.

o
calicatum, p. 267.
poculatun, p- 268.
minutum, p. 267.
Ionyiburmlz[:m,

p. 2

1. Trichonema (Trichonema) longibursatum (Yorke and Macfie,
1018). (Figs. 123 & 124.)
Synonyms :—Cylicostomum longibursatu
Cylicostomum _calicatiforme Kotlan, 1919 ;
Thle, 1019 ; Cylicostomum (Cylicostephant
1922.

Host :—This species is recorded by Boulenger from horses
at Sargodha, Punjab. .

The length of both sexes is about 57 mm., .and the maximum
thickness about 0-2 mm. The mouth-collar is low, but marke
off from the body by a constriction. The Iutex:n] oepht?hc
papilla are prominent. The buccal capsule is wider be

m Yorke and Macfie, 1918
Cylicostomum naniun
) longibursatum Ihle,



Z'lis. after Tbeiler.)
genital cone and | %md
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than in front. It measures 0-017-0-024 mm. in length and
0:026-0:032 mm. in greatest width. The external leaf-crown
contains 14 to 18 elements. The cesophagus is 0-24-0-34 mm.
long. The excretory pore and cervical papille are situated
at 0-2-0-22 mm. from the anterior extremity.

The dorsal lobe of the bursa is very long and narrow. The
tail of the female is 0-08-0-124 mm. long, and the vulva is
situated at 0-051-0-073 mm. from the anus. The eggs measure
0:076-0-08 < 0:032-0-036 mm.

9. Trichonema (Trichonema) calicatum (Looss, 1900).

Synonyms :—Cyathostomum calicatum Looss, 1900 ; (_z'ylichno-
stomum calicatum Looss, 1902 ; Cylicostomum calicatum Gedoelst,
1903 ; Cylicostomum (Cylicostephanus) calicatum Thle, 1922.

Host :—Recorded by Boulenger from horses at Sargodha,
Punjab.

The male measures 5-5-6-5 mm. in length and (-26-0-28 mm.
in maximum thickness, the female 6-:5-8 mm. and 0-28-
0-3¢4 mm. respectively. The mouth-collar is flattened,
measures 0-075-0-088 mm. in width, and is marked off frm_n
the body by a slight constriction. The buccal capsule is
almost cylindrical and measures 0-028-0-04 mm. in length
and 0-024-0-038 mm. in width. Its walls are slightly thickened
posteriorly. The external leaf-crown contains 8 to 10 broad
elements. The ®@sophagus is 0-29-0-4 mm. long. The excre-
tory pore and cervical papille are situated at about 0:22-
0:25 mm. from the anterior extremity.

The bursa has a long, narrow dorsal lobe. The tail of the
female is 0-06-0-1 mm. long, and the vulva is situated at
0-04-0-08 mm. from the anus. The eggs measure 0-064—
0-068 % 0-:036 mm.

3. Trichonema (Trichonema) minutum (Yorke and Macfie,
1918). "

Synonyms :—Cylicostomum minutum Yorke and Macfie, 1918 5
Cylicostomum calicatum var. minus Kotlan, 1920 ; Cylicostomum
((,’ylicos!q)hanus) minutum Ihle, 1922.

Host :—Recorded by Boulenger from horses in the Punjab.

Both sexes measure about 4-6 mm. in length and 0-23-
028 mm. in maximum thickness. The mouth-collar is
moderately high, measures about 0-06 mm. in diameter, and
is not marked off from the body. The buccal capsule is widest
posteriorly. It measures 0-02-0-028 mm. in length and
0-02 mm. in width. The external leaf-crown contains eight
broad elements, the internal about 20 elements. The ceso-
phagus is about 0-28-0-3¢ mm. long. ~The excretory pore and
cervical papille are situated at 0-24-0-248 mm. from the

anterior extremity.
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The dorsal lobe of the bursa is short and broad. The tail
of the female is 0-:035-0-07 mm. long, and the vulva is situated
at about 0:08-0-1 mm. from the anus.

4. Trichonema (Trichonema) poculatum (Looss, 1900).

Synonyms :—Cyathostomum poculatum Looss, 1900; Cylickno-
stomum  poculatum Looss, 1902; Cylicostomum poculatim
Gedoelst, 1903 ; Cylicostomum (Cylicostephanus) poculatum Ihle,
1922:

Host :—Found twice by Boulenger in material from horses
at Sargodha, Punjab. Occurs in the c@cum, usually in small
numbers.

The male measures 8-9 mm. in length and 0-36 mm. in
maximum thickness, the female 10-11 mm. and 0-44 mm.
respectively. The mouth-collar is flattened and continuous
with the body, and has a diameter of 0-12-0-128 mm. The
buccal capsule is nearly cylindrical and measures 0-06—
0-082 mm. in length and 0-056-0-06 mm. in width. Tts walls
are thickened posteriorly. The external leaf-crown contains
30 to 35 elements. At about the middle of the capsule a ring
of irregular processes project from the lining. The esophagus
is 0:77-1 mm. long. The excretory pore and cervical papille
are situated at 0-46-0-56 mm. from the anterior extremity.

The dorsal lobe of the bursa is rather large and rounded.
The genital cone is elongate, projecting beyond the edge of the
bursa. The tail of the female is slender and measures 0-29-
0-38 mm. in length. The vulva is situated at 0-15-0-16 mm.
from the anus.

Subgenus CYLICOSTOMUM Ihle, 1922,

Synonym ;—Cylicostomias Cram, 1925,

External leaf-crown consists of eighteen to “twenty-four,
mostly pointed, elements. Internal leaf-crown composed of
thin, triangular, radially-disposed plates, whose origin extends
backwards on to the internal surface of the buccal capsule
some distance from its anterior margin. Buccal capsule
rather short and thick-walled. Tail of female straight or
slightly bent dorsally.

Type-species —T. (Cylicostomum) @gyptiacum Railliet, 1923.

Key to Species.

Buccal capsule more than 0:03 mm. long.... coronatum, p. 270,
Buceal capsule less than 0-02 mm. long .... 1,
1. Mouth-collar not divided into ** lips 7 ; tail
of female about 0-1 mm. long ............ agyptiacum, p. 269.
Mouth-collar divided into four ** lips " ; tail
of female not more than 0-08 mm, long ... [labiatum,p. 270.
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5. Trichonema (Cylicostomum) segyptiacum Railliet, 1923.
(Fig. 125.) '
Synonyms :—Strongylus tetracanthus Mehlis, 1831 (part); Sclero-
stoma  quadridentatum Dujardin, 1845 (part): Sclerostomum
!e!'racantlm_m Diesing, 1851 (part); Sclerostoma hexacanthum
Wedl, 1856 part); Cyathostomum tetracanthum Molin, 1861
(part) ; Cylichnostomum tetracanthum Looss, 1902 ; Cylicostomum
tetracanthum Gedoelst, 1903 ; Cylicostomum (Cylicostomum)
tetracanthum Ihle, 1922,

Hosts :—In some countries, e. g., Egypt, this is said to be the
commonest, species of T'richonema in the horse and donkey.
It seems, however, somewhat doubtful whether it has yet been
found in India. Gaiger (1915) records * Cylichostomum
tetracanthum " as being very common in horses in the Punjab.
Boulenger (1921), however, did not find it there, even among
the collection in the Punjab Veterinary College, and it seems
probable that the name was used by Gaiger in a collective

Fig. 125.—T'richonema @gyptiacum. Anterior end ; dorsal view.
(After Yorke and Maplestone.)

sense for various species of T'richonema. Baylis and Daubney
(1923, b) record “ Cylicostomum tetracanthum (Mehl., 1831),”
from a horge, as being represented in the collection of the
Zoological Survey of India, but it is not certain that the
specimens were of Indian origin. V. Linstow (1904) records
« Cylichnostomum tetracanthum > from ponies on Tranativu,
Ceylon, and quotes Looss, 1901. It is possible, therefore,
that he may have been dealing with the species now known
as Trichonema @gyptiacum, since this is the C. tetracanthum
of Looss.

The male of 7'. @&gyptiacum measures 7-9 mm. in length
and about 0-3mm. in maximum thickness, the female 8-12 mm.
and 0-4-0-5 mm. respectively. The mouth-collar is somewhat
flattened, and scarcely distinet from the body. The buccal
capsule measures about 0-012 mm. in length and 0-06 mm. in
width, its greatest width being at the anterior margin. Its
walls are of irregular shape in optical section, with a somewhat
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knee-shaped inward bend. The external leaf-crown contains
about 22 elements, the internal leaf-crown about twice as many.
These originate behind the middle of the capsule. The dorsal
gutter is represented by a blunt knob on the posterior margin
of the capsule. The esophagus is 0-36-0-4 mm. long. )

The dorsal lobe of the bursa is rounded and not distinctly
marked off. The tail of the female is 0-1-0-12 mm. long, and
the vulva is situated at 0-14-0-2 mm. from the anus. The
eggs measure (-076-0:08 < 0-036-0-04 mm.

6. Trichonema (Cylicostomum) coronatum (Looss, 1900).
Synonyms :—Cyathostomum coronatum l.ooss, 1000 ; Cylichnosto-
mun coronatum Looss, 1902 ; Cylicostomum coronatum Gedoelst,

1903 ; Cylicostomum (Cylicostomum) coronatum Ihle, 1922,

Host ~—Boulenger found this species to be very common
in horses in the Punjab.

The male measures 7-9 mm. in length and 0-34-0:36 mm. in
maximum thickness, the female 9-10 mm. and 0:4-0-44 mm.
respectively. The mouth-collar is rather low, and is marked
off by a slight constriction. The buccal capsule is thick-
walled and nearly cylindrical, but slightly narrowed in the
middle. It measures 0-037-0-05 mm. in length and 0:024—
0-028 mm. in width. The dorsal gutter does not project into
the capsule. The external leaf-crown contains about 22 ele-
ments, the internal leaf-crown a large number. The wso-
phagus is 0-38-0-46 mm. long. The excretory ¢
cervical papille are situated a little behind the nerve-ring,
at about 0:28-0-3 mm. from the anterior extremity.

The dorsal lobe of the bursa is rather long and has nearly
Imrallel gsides. The tail of the female is 0:16-0-2 mm. long,
and the vulva is situated at 0-12-0-14 mm. from the anus.

The eggs measure 0-08-0-09 % 0:036-0-044 mm.

pore and

7. Trichonema (Cylicostomum) labiatum (Looss, 1902).

Synonyms +—Cylichnostomum labiatum Loozs, 1902 ; (.’ylicoslqmum
labiatum Gedoelst, 1903 : Cylicostomum (C ’ylicnstomum) labiatum

Thle, 1922,

Host :—This species was obtained by Boulenger on several
occasions, but usually in small numbers, from horses in the
Punjab.

The male measures 7-7-9 mm. in length and 0-33-0-4 mm.
in maximum thickness, the female 9-5-11 mm. and 0-36—
0-42 mm. respectively, The mouth-collar is constricted off
from the body and divided to form four large * lips,” two of
which are subdorsal and two subventral. The buccal capsule
ia very short (0-012-0-016 mm. in length) and measures
0-05-0-056 mm. in width. The dorsal gutter is represented
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by a blunt tubercle. The external leaf-crown contains about
19 long and pointed elements. The esophagus is 0-36-0-38 mm.
long. The excretory pore and cervical papille are situated
just behind the nerve-ring, at 0-3-0-38 mm. from the anterior
extremity.

The dorsal lobe of the bursa is very short and rounded.
The tail of the female is 0-045-0-08 mm. long and is slightly
bent dorsally, but has a short point which is usually bent
ventrally. The vulva is situated at 0-12-0:15 mm. from the
anus. The eggs measure 0:076-0:08 < 0:032-0-038 mm.

Subgenus CYLICOCYCLUS Ihle, 1922,

Elements of internal leaf-crown usually small and numerous,
generally in the form of fine rods, originating in the immediate
neighbourhood of the anterior margin of the buccal capsule.
The posterior margin of the wall of theé buccal capsule forms &
hoop-like thickening. Tail of female straight or only slightly
bent dorsally, very seldom strongly bent.

Type-species :—T. (Cylicocyclus) radiatum (Looss, 1900).

Key to Species.
External leaf-crown contains 32 to 48 elements . ... insigne, p, 271.
External leaf-crown containg about 20 elements ... nassatum, p. 272

8. Trichonema (Cylicocyclus) insigne (Boulenger, 1917).

Synonyms :—Cylichnostomum insigne Boulenger, 1917 ; Cylicosto-
mum zebraz Boulenger, 1920 (nec Cylichnostomum :cbn'u Turner,
1920) ; Cylicostomum insigne Boulenger, 1921 ; Cylicostomurmnt
(Cylicocyclus) insigne Thle, 1922,

Host :—According to Boulenger this is the commonest
species of Trickonema in the Punjab, being found in almost
every horse, often in very large numbers. The adults are
almost completely restricted to the hinder part of the colon,
but larve are * found abundantly in the cmcum, usually
encysted in the sub-mucosa, rarely free.”

The male measures 11-12-5 mm. in length and 0-62-0-7 mm.
in maximum thickness, the female l3-5‘l‘5 mm. :mfl 0-7T4—
0-85 mm. respectively. The mouth-collar is rather high and
is marked off from the body by a constriction. The lateral
cephalic papillee are large and prominent, projecting as horn-
like processes. The buccal capsule is wide and rather shallow.
It measures 0:046-0-066 mm. in length and 0:13-0-2 mm. in
width, A dorsal gutter is absent. The external leaf:crown
contains 32 to 48 pointed elements. The wsophagus is 07—
1 mm. long, and the excretory pore and cervical papille are
situated near its posterior end.
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The dorsal lobe of the bursa is rather broad. The tail of the
female is somefimes slightly bent dorsally, and measures
0-16-0-25 mm. in length. The vulva is situated at 0-14—
02 mm. from the anus. The eggs measure 0-075-0-0883<
0:036-0-05 mm,

9. Trichonema (Cylicocyelus) nassatum (Looss, 1900).
Synonyms :—Cyathostomum nassatum Looss, 1900 ; Cylichnostomum
nassatum Looes, 1902 ; Cylicostomum nassatum Gedoelst, 1903 ;
Cylicostomum (Cylicocyclus) nassatum Thle, 1922.

Host :—According to Boulenger this is, with the exception
of 7'. insigne, the commonest species of T'richonema in horses
in the Punjab. He found the variety parvum more abundantly
than the typical form.

In the typical form the male measures 7-10 mm. in length
and 0-3 mm. in maximum thickness, the female 9-14 mm. and
0-6-0-7 mm. respectively. The mouth-collar is contractile,
and is marked off from the body by a deep constriction.
Its transverse axis is longer than its dorso-ventral axis. The
Jateral cephalic papille are rather prominent. The buccal
capsule is elliptical in section and is very short. It measures
0-036-0-04 mm. in length and 0-08 mm. in width. Tts walls
are very thin anteriorly. The dorsal gutter extends to about
the middle of the capsule. The external leaf-crown contains
about 20 elements. The internal leaf-crown is composed of
minute rectangular plates. The cesophagus is 0-48-0-6 mm.

long. -
The dorsal lobe of the bursa is broad and rounded” The
long and is slightly bent

tail of the female is about 0-2 mm. &
dorsally. The vulva is situated at about 0-17 mm. from the

anus.

9 a. Var. parvum Yorke and Macfie, 1918.

This variety is considered to differ from the typical form in
size (average length, male 7 mm., femfllc 8-8 mm.) and in
having ““a third (small) lateral branch ”* on the dorsal ray of

the bursa. The latter character does not appear to be very
distinctive, since Looss’s figure of the bursa of 7'. nassatum
on one side and two on the ether.

shows one such small branch > side a )
There is evidently considerable variation in this respect.

Subgenus CYLICOCERCUS Thle, 1922.
External leaf-crown composed of twenty to twenty-nine
elements. Elements of the internal leaf-crown like those of

the subgenus Cylicostomum, but the region of their origin
may extend back to a great distance from the anterior margin
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of the buccal capsule. Posterior end of female strongly bent
dorsally, with a pre-vulvar swelling, the whole somewhat
resembling a human foot when viewed laterally.

Type-species :—71'. (Cylicocercus) alveatum (Looss, 1900).

Key to Species.

Buceal capsule, in lateral view, narrower

anteriorly than posteriorly ................. goldi, p. 274.
Buccal capsule, in lateral view, wider anteriorly
than posteriorly ...........couu.n A 1.

1. Bases of elements of internal leaf-crown form
a regularly curved line extending further
forward laterally than dorsally and ventrally.. catinatum, p. 273.
Bases of elements of internal leaf-crown form ;
L B D e S A O A B D B O AL pateratum, p. 275.

10. Trichonema (Cylicocercus) catinatum (Looss, 1900).
(Fig. 126.)
Synonyms :—Cyathostomum catinatum Looss. 1900 ; Cylichnosto-

mum catinatum Looss, 1902 ; Cylicostomum catinatum Gedoelst,
1903 ; Cylicostomum. (Cylicocercus) catinatum Ihle, 1922.

Host ~—Boulenger found the typical form on several
occasions in horses in the Punjab, usually in company with the
variety pseudo-catinatum.
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Fi 126.—1'richonema. catinatum, var. p'.wudo-calmatmn, Anterior
& end ; ventral view. (After Yorke and Macfie.)

In the typical for!n the male measures 7-8 mm._in length
and 0-35 mm. in maximum thickness, the female 9-9-5 mm. and
0-35 mm. respectively. The mouth-collar is distinctly marked
off from the body. The dorso-ventral axis both of the collar
and of the buccal capsule is slightly longer than the latero-
lateral axis. The lateral cephalic papille are fairly prominent.

NEM. T
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The bucecal capsule is wider than long, and its walls are thicker
laterally than dorsally and ventrally. A dorsal gutter is
absent. The external leaf-crown contains 20 to 22 elements.
The internal leaf-crown originates further forward at the
sides than dorsally and ventrally.

The dorsal lobe of the bursa is rounded and not marked
off from the lateral lobes. The posterior end of the female is
bent dorsally at right angles to the body, and the tail is very
short. The vulva is gituated at 0-06 mm. from the anus.

10 a. Var. pseudo-catinatum (Yorke and Macfie, 1919) Ihle,
1922,

Synonym :—Cylicostomum pseudo-catinatum Yorke and Macfie,
1919,

This form, which was originally described as a distinet
species, is now generally considered not more than a variety
of 7. catinatum. The specimens described by Yorke and Macfie
were small (male 52-6:6 mm. long and 0-26 mm. thick,
female 6-1-7-7%0-32 mm.), but individuals may occur of
a size intermediate between these and the typical form.
The buccal capsule measured 0-0225-0-029 mm. in length
and 0-034-0-0475 mm. in greatest diameter. The esophagus
measured 0-314-0-349 mm. in length in the male and 0-322-
0-363 mm. in the female. Ihle, however, observed specimens,
which he ascribes to this variety, in which it measured up to
0-37 mm. in the male and 0-4 mm. in the female. The tail
of the female measures, according to Yorke and Macfie, on the
average 0-069 mm., and the distance from vulva to anus
0-061 mm.

Apart from measurements, the main difference between this
variety and the typical form is held to lie in the uppon(}uges
of the genital cone in the male. These, as described by Yorke
and Macfie, consist of two pairs of prominent, conical pro-
cesses. In the typical form, as described by Loo0ss, there
is one pair of blunt processes with notched outlines. As has
been pointed out by Boulenger (1921, a) and by Theiler (1923),
there is a good deal of variation in the form of these appendages,
and it seems doubtful whether they should be regartlcd as
having varietal significance.

11. Trichonema (Cylicocercus) goldi (Boulenger, 1917).

Synonyms :—Cylichnostomum goldi Boulenger, 1917 ; € Jylicostomum
goldi Boulenger, 1921 ; Cylicostomum (Cylicocercus) goldi Thle,
1922,
Host :—This species has been recorded from the horse in the
Punjab by Boulenger.
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) The male measures 5:2-7-5 mm. in length and 0-23-0-3 mm.
in lnuximum thickness, the female 6-9-75 mm. and 0:28-
0-45 mm. respectively. The mouth-collar is high and marked
off by a constriction. The buccal capsule is shallow and
somewhat narrowed in front, and measures 0-02-0:032 mm. in
length and 0:045-0-06 mm. in width. The dorsal gutter is
represented by a small tubercle at the base. The external leaf-
crown contains 20 to 22 elements, the internal leaf-crown about
36. The sophagus is 0-3-0-5 mm. long. The excrefory
pore and cervical papillz are situated at 0-25-0-3 mm. from
the anterior extremity, about half-way between the nerve-
ring and the posterior end of the cesophagus.

The dorsal lobe of the bursa is broad and rounded. The
posterior end of the female is bent dorsally almost at right
angles to the body, and the tail measures 0:095-0-145 mm.
The vulva is situated at 0-06-0-15 mm. from the anus. The
average size of the eggs is 0-1<0-05 mm.

12. Trichonema (Cylicocercus) pateratum (Yorke and Macfie,
1919). ’
Synonyms :—Oylicostomum pateratum Yorke and Macfie, 1919 ;
Cylichnostomum cymatostomwmn Kotlan, 1919 Cylicostorum
cymatostomum  Kotlan, 1919;  Cylicostomum (Cylicocercus)
pateratum 1hle, 1922,

Host :-—Boulenger records a single specimen from the colon
of a horse at Sargodha, Punjab.

The male measures 8-11 mm. in length and 0-38-0-6 mm. in
maximum thickness, the female 8-4-15 mm. and 0-39-0-7 mm.
respectively. The mouth-collar is high and marked off by
a constriction. When fully extended its height is greater
dorsally ahd ventrally than laterally. The lateral cephalic
papills are prominent. The oral aperture is elliptical, with
its longer axis dorso-ventral. The buccal capsule is elliptical
in transverse section. In lateral view its walls diverge
anteriorly, while in dorso-ventral view they are almost parallel
or even converge anteriorly. The capsule measures 0-025-
0028 mm. in length and 0:08-0-097 mm. in maximum width.
The dorsal gutter does not project into the capsule. The
external leaf-crown contains 20 to 25 elements. The internal
leaf-crown consists of numerous long, narrow elements arising
from a sinuous line at about the middle of the capsule. The
cesophagus is 0-53-0-76 mm. long. The excretory pore and
cervical pa.pillfe are situated immediately behind the nerve-
ring, at (-3-0-36 mm. from the anterior extremity.

The bursa is relatively short and without a distinct dorsal
lobe, The posterior end of the female is bent dorsally at

T2
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right angles to the body. The tail measures 0:105-0-143 mm.
in length, and the vulva is situated at 0:091-0:123 mm. from the
anus. The eggs measure 0:088-0-1 3 0-04-0-044 mm.

2. Genus POTERIOSTOMUM Quiel, 1919.

Synonym :—Hexodontostomum 1hle, 1920.

Elements of external leaf-crown numerous, those of the
internal leaf-crown large and broad when seen from the
exterior. Sometimes six of the latter elements are longer
than the rest. Postero-lateral ray of bursa has an accessory
branch. The externo-dorsal ray and the two pairs of branches
of the dorsal ray leave the main stem in its anterior half,
and run almost at right angles toit. The dorsal ray is bifurcate
only as far as the point of origin of the more posterior pair of
accessory branches. Tail of female long, straight and free
from swellings. Adults parasitic in the large intestine of
Equids.

Genotype :—Poteriostomum imparidentatum Quiel, 1919.

L. Poteriostomum imparidentatum Quiel, 1919. (Figs. 127 &
128.)

Synonyms :—Poteriostomum pluridentatum Quiel, 1919; Hexo-

dontostomum markusi Thle, 1920 : ? Cylichnostomum zebra

Turner, 1920.

Host :—This species was found once (a single specimen) by
Boulenger in the colon of a horse at Sargodha, Punjab.

The male measures 11-14 mm. in length and 0-6-0-76 mm.
in maximum thickness, the female 13-21 mm. and 0-9-1-15 mm.
respectively. The mouth-collar is high and distinctly marked
off by a constriction. It has a diameter of 0-3:0-35 mm.
The mouth is dorso-ventrally elongate. The buceal capsule is
elliptical in section, with its longer axis dorso-ventral. It
measures 0-052-0-07 mm. in length and 0-15-0-22 mm. in width.
Its walls converge anteriorly and increase gradually in thickness
posteriorly. The dorsal gutter extends to about the middle
of the capsule. The external leaf-crown contains about
72 t080 or more small, pointed elements: theinternal leaf-crown
about 36 to 50 long and bluntly-pointed elements, six of which
are much longer than the rest. The esophagus is 0-63-0-8 mm.
long. The excretory pore and cervical papillze are situated
at or behind the middle of the sophagus,

The bursa of the male is short and broad, without a distinet
dorsal lobe. The tail of the female is 0-76-1 mm. long, straight;
and tapering to the tip, which is blunt. The vulva is situated
at 0-68-0-9mm. from the anus. The vagina is short (0-72 mm.)



e —————

Fig.
Fig.

POTERIOSTOMUM. 277

Fig. 128,

200/{.

127.— Poteriostomum imparidentatum. Anteriorend ; ventral view.
(After Yorke and Macfie.) s
128.—Poteriostomum imparidentatum. Bursa of male; lateral view.
(After Theiler.)
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3. Genus MURSHIDIA Lane, 1914.

Synonyms * :—Pteridopharynz Lane. 1921 ; Memphisia Khalil,
1922 : Henryella Neveu-Lemaire, 1924 ; Plerygopharynz Witen-
berg, 1925 ; ? Buissonia Neveu-Lemaire, 1924,

Body tapering anteriorly. In the male the thickest portion
of the body may be just anterior to the bursa. Mouth-collar
typically prominent laterally, incised dorsally and ventrally,
80 as toform two lateral “lips.” Externalleaf-crown composed
of numerous fine elements originating along a curved line
and shorter dorsally and ventrally than laterally, thus giving
to the mouth the shape of a dorso-ventral slit. Buccal capsule
more or less cylindrical, in some species with two or more small
teeth at its base. The cuticular lining of the sectors of the
msophagus may or may not have a plumose structure. Antero-
lateral ray of bursa divergent from the other lateral rays..
Postero-lateral and externo-dorsal rays frequently with
a dorsal boss or accessory branch. Dorsal ray typically with
two pairs of accessory branches, which may be partially fused.
Spicules long and slender. An accessory piece present.
Vulva close to anus. Uterine branches parallel. Adults
parasitic in the alimentary canal of elephants, rhinoceroses
and warthogs.

Genotype :—Murshidia murskida Lane, 1914.

Key to Species.

Spicules of male less than 1 mm. long, with fine,

barbed points . ...ocivieinanon, o L R CHOL indica, p. 281.
& Spicules of male more than 1 mm. long........ 1.
1. Each spicule with a small, posteriorly-directed

spur near the tip; cwsophagus about 0-5-
08 MmN, 10nE Vs st sk e s ok h e murshida, p. 273.

Each spicule with tip shaped like the head of
a golf-club, without posterior spur ; asophagus
about 0-0-1 mm. long ...... co0errrrrecons. Jaleifera, p. 280).

1. Murshidia murshida Lane, 1914. (Fig. 129.)

Host -—Indian elephant (ceecum); obtained by Lane from
various parts of India. Specimens in the British Museum
(Natural History) from Ceylon.

* Baylis and Daubney (1920), in discussing the affinities between
Murshidia, Pteridopharynz and the other genera mentioned here,
pointed out the probability that all these forms were congeneric.
Yorke and Maplestone (1826) have gone into the question carefully
and have independently concluded that, with the possible exception of
Buissonia, all these names should be regarded as synonyms of Murshidia,
Their conclusion, with the slight modifications which it entails in the
generic disgnosis, is adopted here,
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The male measures about 18-20 mm. in length and 0-6 mm.
in maximum thickness, the female ubou% 5228 mm. and
0:7-0:9 mm. respectively. The cuticular striations are at
intervals of 7u. The buccal capsule measures 0-075-0-12 mm.
in diameter. The external leaf-crown contains 60 elements.
The csophagus is 0-5-0-57 mm. long. The nerve-ring 18

T

i

u “M’,

o.r mm.
.
—
o.1 mm.
Fig. 120.—Murshidia murshida. A, anterior end, viewed from left
gide ; B, bursa of male, lateral view. (After Lane.)
situated at (-3 mm., the excretory pore at 0-8 mm., and the

cervical papille at 0-85 mm_, from the anterior end.

The lateral rays of the bursa of the male have swollen bases.
The three branches of each half of the dorsal ray are at about
equal distances. The spicules are about 1-3 mm. long, and
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their tips are t dorsally. At the angle there is a small,
posteriorly-directéd spur. The tail of the female is 1-6—
2:2 mm. long, and tapers to a slender point. The vulva
is situated at 2-3-2-9 mm. from the posterior end, and has
rather prominent lips. The vagina measures 0-5 mm. in length,
the ovejectors 0-375 mm. and the uterine branches 55 mm.,
according to Lane. Mature eggs were not observed by Lane.
According to Witenberg (1925) they measure 0-072 % 0-048 mm.

2. Murshidia faleifera (Cobbold, 1882) Lane, 1915.

Synonyms :—Strongylus falcifer Cobbold, 1882 ; Cylicostoma
Jalcifer Mitter, 1912 ; Cylicostomum falciferum Railliet, Henry
and Bauche, 1914 ; Murshidia Jalcifer Lane, 1914,

Host :—Indian elephant (cmcum); recorded from various
parts of India by Lane, from Burma by Evans and Rennie,
and from the Andamans by Bhalerao. Specimens in the
British Museum (Natural History) from Ceylon.

The male measures 22-27 mm. in length and about 0-:9 mm.
in maximum thickness, the female 24-32 mm. and about 1 mm.
respectively. The cuticular striations are at intervals of 7 p.
The buccal capsule measures 0-1-0:13 mm. in diameter. The
external leaf-crown contains, according to Lane, 80. elements
on each side, or, according to Witenberg (1925), 40 on each
side (80 in all). The cesophagus is about 0-9-1 mm. long.
The nerve-ring is situated at about 0-5 mm. from the anterior
end, the excretory pore at the level of the posterior end of the
@sophagus, and the cervical papille a little behind this,
at 1-2 mm. from the anterior end.

The bases of the lateral rays of the bursa are not swollen.
Of the three branches of each half of the dorsal ray, the two
anterior are close together and somewhat separated from
the posterior. The spicules are about 1-5 mm. long according
to Lane, or 1-69-1-79 mm. according to Witenberg. Their
tips are bent dorsally and shaped like the head of a golf-club,
without a posterior spur. The shafts are curved just before
the terminal bend. “ The middle third of each spicule is
provided with two incurved alw, ridged obliquely in a plumose
fashion, forming a gutter ; on the last third of the spicule
these ala fuse, formihg a canal which opens at the curved end
of the spicule. There is a small S-shaped, curved accessory
piece, 0:05 mm. long, visible from the sides only. A telamon
is present ' (Witenberg).

The tail of the female is 1:59-2-2 mm. long, and has a pair of
papille at 1-5 mm. from the tip. The vulva is situated at
about 3 mm. from the posterior end. Tts lips are usually
only slightly thickened. The eggs measure 0-050-03 mm.
(Lane), or.0-084 > 0-041 mm. (Witenberg).
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3. Murshidia indica (Ware, 1924) Yorke andMaplestone, 1926.
(Fig. 130.)

Synonym :—Pteridopharyn indica Ware, 1924, ’

Host :—Indian elephant ; Malabar, South India.

The male measures 15-18 mm. in length and 0-6 mm. in
maximum thickness, the female 19-22 mm. and 0-7 mm.
respectively. The cuticular striations are at intervals of 12 .
The mouth-collar is marked off by a groove. The buccal
capsule measures 0:06 mm. in length and 0-1 mm. in width.

Fig. 130.—Murshidia indica. Bursa ofmale ; lateral view.
(After Ware.)

The oral aperture is rectangular. The external leaf-crown
contains 42 elements, which are united for about: nul'f their
length. The cesophagus is 0-52 mm. long n the male, 0-63 mm.
in the female. Fora distance of about 0-:08 mm. at t'hc anterior
end its cuticular lining has a plumose structure. ‘The nerve-
ring is sitnated at 0-25 mm., the excretory porea t,0-§‘b—l -08 m.,
and the slender, anteriorly-directed cervical papille at 0-95-
1-2 mm., from the anterior extremity.

The spicules measure 0-85 mm. in length, and are slender and
provided with finely plumose ale except at the tips. The tip
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of each spicule is bent dorsally and has a very fine, barbed
point. The accessory piece is saddle-shaped and measures
0-1 mm. in length and 0-05 mm. in width. The body of the
female is suddenly constricted behind the vulva. The tail
is 0-8—1 mm. long, and tapers to a fine point. The vulva is
sitnated at about (-1 mm. from the anus, opens posteriorly,
and is covered ventrally by a large prominence of its anterior
lip. The uterine branches originate at a distance of 0-55 mm.
from the vulva, Each has a powerful ovejector at about
1:28 mm. from the vulva. The eggs measure (-06<0:035 mm.
(average). .

4. Genus KHALILIA Neveu-Lemaire, 1924,

Synonyms :—Amira Lane, 1914, nec Girault, 1913 ; Amiroides
Strand, 1921.

Cuticle thick, sometimes with bosses in front of the bursa
in the male. External and internal leaf-crowns present.
Buccal capsule very shallow, with thick walls. (Esophagus
hourglass-shaped, with a large cesophageal funnel and lined
almost throughout with thickened cuticle. Dorsal lobe of
bursa may be enormously elongate. Prebursal papille long
and slender, appearing as additional rays. All the bursal
rays relatively long and slender, more particularly the dorsal,
which is cleftalmostto its base. Accessory branches of dorsal
ray typically two pairs, arising from the bifurcate portion.
One pair may be much reduced. Spicules extremely long and
filiform. An accessory piece present. Vulva close to anus.
Uterine branches parallel. Adults parasitic in the alimentary
canal of elephants and rhinoceroses.

Genotype :—Khalilia rhinocerotis Neveu-Lemaire, 1924.

1. Khalilia pileata (Railliet, Henry and Bauche, 1914).
(Fig. 131.)

Synonyms :—Cylicostomum pileatum Railliet, Henry and Bauche,
1914 ; Amira omra Lane, 1914 ; Amira pileata Lane, 1915.

Host :—Indian elephant (c@ecum); recorded by Lane from
Murshidabad and Travancore. 7

The male measures 9-5-10 mm. in length and 0-4-0-6 mm,
in maximum thickness, the female 11.5-14 mm. and 0:35-
075 mm. respectively. The cuticle has transverse striations at
intervals which, in the esophageal region, may measure up
to 30 #. The buccal capsule measures (-025-0-04 mm. in
length and up to (-128 mm. in width posteriorly. Each of the
leaf-crowns contains 32 to 36 elements, those ‘of the external
crown being stout. The esophagus is very short (0-55-

.
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the esophagus, and the lon : ical
 behind the excretory pore. g, prominent cervical pap . p
In the male the cuticle is swollen ventrally in front of the
bursa into a large boss. The dorsal lobe of the
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Fig. 131.—Khalilia pileata. Bursa of male ; lateral view.
(After Lane.)

(dorsal ray are very long. The latter measures about 1-7mm..
"length and .blfqmtes at about 0-25 mm. from its base. Ea
. pranch gives off, according to Khalil (1922, b), two ve
short lateral branches not far from the point of bifurcati
(of these only one was described and figured by Lane). Th
~¢ are slender and measure, according to Lane, 3-5 mm
. Lane states that ‘ﬂlete.. is no accessory pi
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Khalil, however, has described the presence of an accessory
piece 0-165 mm. long.

The tail of the female is rather blunt, measures 0-45-
0-5 mm. in length and bears a pair of papille at 0-25 mm.
from the tip. The vulva is situated at 0-7-0-75 mm. from
the posterior extremity. The vagina runs forward for
a distance of about, 2 mm. before giving off the uterine branches,

which also run forward. The eges measure 0-06-0-073 ¢
0:03-0-045 mm. =

5. Genus QUILONIA Lane, 1914.

Synonyms :—FEvansia Railliet and Henry, 1913, nec Scott, 1906 ;
Nematevansia Thle, 1919 ; Paraguilonia Neveu-Lemaire, 1924,

External leaf-crown composed of a few long elements.
Internal leaf-crown present or absent. Buceal capsule a wide,
shallow ring, its wall widely separated from the lining of the
mouth-cavity, which is bounded by the elements of the leaf-
crowns. The latter extend backwards and are continuous
with the cuticle lining the cesophageal funnel. Teeth may be
present at the base of the buccal capsule. Lateral rays of
the bursa rather divergent from each other, The externo-
dorsal rays spring from the median stem of the dorsal ray
towards its base. Dorsal ray cleft for about one-third of its
length. Each of its main branches gives off two small
accessory branches. An accessory piece present. Vulva in
posterior third of body. Uterine branches opposed, but the
posterior branch turns and runs anteriorly. Adults parasitic
in the intestine of elephants and rhinoceroses.

Genotype :—Quilonia renniei (Railliet and Henry, 1913).

Key to Species.,

External leaf-crown contains 18 elements ; dorsal

ray of bursa about (0-35 mm. long .......... renniei. p. 284.
External leaf-crown contains 10 elements : dorsal >
ray of bursa about 0-85 mm. long .......... travancra, p. 286.

1. Quilonia renniei (Railliet and Henry, 1913) Railliet, Henry
and Bauche, 1915. (Fig. 132))
Synonyms :—FEvansia renniei Railliet and Henry, in Railliet,

Henry and Joyeux, 1913 ; Quilonia quilona Lane, 1914 ; Nemat-
cransia rennies Ihle, 1919.

Host :—Indian elephant (czecum) ; recorded from Travancore
by Lane, and from Burma by Evans and Rennie.

The following description is taken mainly from Lane (1914, q),
with the addition of a few details given by Khalil (1922, b).
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The male measures about 15 mm. in length and 0-6 mm. in
maximum thickness, the female about 20 mm. and 0-85 mm.
respectively. The cuticular striations are at intervals of about
31 . The mouth-collar has a diameter of about 0-2 mm.,
the buccal capsule of 0-16 mm. The external leaf-crown
contains 18 elements, which project beyvond the surface of the

Q.1 mm.

8
sl B

iloni nnied i d, viewed from left side;
iz, 132.—Quilonia rennici. A, anterior end, -
Fig B, bursa of male, lateral view. (After Lane.)

head. The cesophagus is about (-8 mm. long. T}]e nerve-
ring is situated at 04 mm., the excretory pore at(ij-ﬁo mm., z_mfi
the cervical papille at 0-85 mm., from the anterior extremity-

The dorsal ray of the bursa is comparatively short (abqut
0-35 mm.). The lateral and ventral rays are slender. The
spicules measure 0-825 mm. in length, the accessory piece

0-1756 mm.
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The tail of the female is sharply pointed and measures 2 mm.
in length. It bears a pair of papille at 1-2 mm. from the
tip. The vulva is situated at 6 mm. from the posterior end.
The eggs measure, according to Khalil, 0-075-0-0815
0:0375 mm.

2. Quilonia travancra Lane, 1914.

Synonyms :—FHvansia travancra Lane, 1915 ; Nematevansia tra-
vancra Ihie, 1919.

Host -——Indian elephant ; recorded from Travancore by
Lane.

The male measures about 18 mm. in length and 0:65 mm.
in maximum thickness, the female 20 mm. and 0:9 mm.
respectively. The cuticular striations are at intervals of
37u. The mouth-collar measures, 0-26 mm., the buccal
capsule 018 mm. in diameter. The external leaf-crown
contains 10 elements, which do not project beyond the surface
of the head. The wsophagus is about 0-75 mm. long. The
nerve-ring is situated at 0-45 mm., the excretory pore and
cervical papille at 1 mm., from the anterior extremity.

The dorsal ray of the bursa is comparatively long (about
0-85 mm.). All the rays are stouter than in . renniei. The
spicules are about 0-9 mm. long, and haye a sinuous outline
near the tip. The accessory piece is 0-2 mm. long.

The tail of the female measures 2-:3 mm. in length, and has
a blunt tip. The caudal papille are situated at 0-9 mm.
from the tip. The vulva is at a distance of 58 mm. from the
posterior end. The eggs measure 0-07 < 0-045 mm.

6. Genus KILULUMA Skrjabin, 1916.

Mouth-collar divided by grooves into six sections, each
bearing one of the cephalic papille. Buccal capsule shallow,
eylindrical, with thick walls. An external leaf-crown of six
elements present, these arising from the base of the buccal
capsule and projecting from the mouth-opening. Prebursal
papille of male appear as an additional pair of ventral rays
within the bursa. Externo-dorsal rays originate sepamtely
from the dorsal ray and appear as an extra pair of lateral rays.
Dorsal ray with one pair of accessory branches, arising high
up on the main stem. The tips of these branches may be
bifurcate. Spicules broad, alate, and twisted distally. {\n
accessory piece present. Vulva near the anus. Uterine
branches parallel.  Adults parasitic in the alimentary canal of
rhinoceroses.

senotype :—Kiluluma stylosa (v. Linstow, 1907).
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1. Kiluluma stylosa (v. Linstow, 1907) Skrjabin, 1916.

Synonym :~Deletrocephalus stylosus v. Linstow, 1907.

Host :—This species is recorded both by v. Linstow and by
Skrjabin from the stomach of Rhinoceros africanus in East
Africa. Baylis and Daubney (1923) referred to it some speci-
mens from the stomach of Rhinoceros unicornis [R. indicus]
from Janakpur, Nepal.

The description given by v. Linstow (1907, a) was consider-
ably amplified by Skrjabin (1916, 6), who assumed that he was
dealing with the same species. Thapar, however, has described
a whole series of supposedly distinet species from the African
rhinoceros. The differences between several of these are so
slight that the species are regarded by Taylor (1925, a) as
synonymous, but it is not certain whether any of them are
identical with the species stylosa of either of the earlier
describers, nor can it be considered certain that Skrjabin’s
species was identical with v. Linstow’s.

The male of K. stylosa, according to v. Linstow, measures
16 mm. in length and 0-77 mm. in thickness, the female 20-
26 mm. and 1-38 mm. respectively. Skrjabin gives 19 mm.
and 0935 mm. for the male, 21 mm. and 1:12 mm. for the
female. The length of the cesophagus is given by v. Linstow
as 1/29 of the total length in the male, 1/34 in the female
[i. e. about 0-556 mm. and 0-76 mm. respectively]. Skrjabin
gives 0-578 mm. in the male, 0-595 mm. in the female. The
cervical papille, accordiog to v. Linstow, are at 1-1 mm. from
the anterior end ; according to Skrjabin, at -85 mm. in the
male and at 0:952 mm. in the female. They have long,
flagellate terminations. The nerve-ring, according to Skrjabin,
is at 0-2-0-22 mm., and the excretory pore (in the female)
at 0-88 mm., from the anterior end.

The spicules are 3-2 mm. long according to v. Linstow, or
2.72 mm. according to Skrjabin. Their tips are pointed
according to t‘hq former, spatulate uccnrgling to the latter
author. The tail of the female, according to v. Linstow,
measures (-35 mm. in a specimen 20 mm. long. Skrjabin
gives the length of the tail as 0-374 mm. The vulva is situated
at a distance of 0-48 mm. (v. Linstow) or 0-52 mm. (Skrjabin)
from the posterior extremity. The eggs measure about
0-1 3 0-055 mm. according to both authors.
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7. Genus BOURGELATIA Railliet, Henry and Bauche,
1919.

Buccal capsule shallow and cylindrical, its wall thick and
composed of two portions, of which the posterior is more or
less continuous with the cuticular lining of the wide, shallow
oesophageal funnel. External leaf-crown composed of about
twenty large, pointed elements ; internal leaf-crown of the
same number of bifid elements. Ventral rays of bursa parallel
and closely applied to each other. Bursa incised near the
tips of the ventral rays, giving the appearance of a pair of
additional lobes. Antero-lateral ray somewhat shorter than,
but not divergent from, the remaining lateral rays. Externo-
dorsal rays originate high up on the main dorsal stem. Dorsal
ray cleft for almost half its length. A single accessory branch
springs from each main branch. An accessory piece present.
Vulva close to anus. Uterine branches parallel. Adults
parasitic in the intestine of pigs.
mﬁ;-uotypc :—Bourgelatia diducta Railliet, Henry and Bauche,

1. Bourgelatia diducta Railliet, Henry and Bauche, 1919.
(Figs. 133 & 134.)

Host :—Domestic pig (cmcum). This species, which was
originally recorded from Annam, is also recorded from Bengal
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Fig. 188.—Bourgelatia diducta. Anterior end ; dorsal view. (From
Hall, after Railliet, Henry and Bauche.)

by Maplestone, who found it to be present in 42 out of 49 pigs
examined in Caleutta. >

The following description is taken from the account given by
Railliet, Henry and Bauche, supplemented by that of Maple-
stone.
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The male measures 8:85-12-5 mm. in length and 0-4-0-6 mm.
in maximum thickness, the female 10-13:5 mm. and 0-5-
0-64 mm. respectively. The cuticular striations are at intervals
of 5-7 u in the middle region of the body. The buccal capsule
measures (0-036-0:04 mm. in length and 0-068-0-072 mm. in
width. It is composed of an anterior ring-shaped portion,
surrounding the bases of the leaf-crowns, and a posterior
cup-shaped portion into which the former fits. Kach of the
leaf-crowns contains 21 elements, those of the internal crown
being bifid. The cesophagus is club-shaped and measures
about 0-65-0-95 mm. in length in the male, 0-75-0-1 mm. in

Fig. 134.—Bourgelatia diducta. Posterior end of male ; lateral view.
(From Hall, after Railliet, Henry and Bauche,)

the female. The excretory pore is situated at 0-268-0-36 mm.,
and the cervical papille at 0-306-0-55 mm., from the anterior
d.
enThe bursa of the male is marked off by notches into dorsal,
lateral and ventral lobes. The genital cone is a pointed
structure with a large papilla on each side of its base. The
spicules, according to Maplestone, appear to emerge through
a separate canal dorsal to the intestinal opening.” They
measure 1:12-1:33 mm. in length and have transversely
striated al®. The accessory piece, according to Railliet,
Henry and Bauche, is about 0-135 mm. long and of ill-defined
shape. According to Maplestone it is a definite structure
0-148-0-16 mm. long, and the ring-shaped structure figured by
NEM. U
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the original describers is probably the anterior edge of a funnel-
shaped telamon.

The tail of the female is 0-297-0-376 mm. long according to
Maplestone, or 0-4—0-425 mm. according to Railliet, Henry and
Bauche. The caudal papille, according to the latter authors,
are asymmetrically placed, at 0:-11-0-14 mm. from the tip.
The vulva is prominent, and is situated at 0-95-1 mm. from
the posterior end, according to the original description, or at
0-535-0-554 mm. from the anus [about 0-83-0-93 mm. from
the posterior end] according to Maplestone. Railliet el al.
give the dimensions of the eges as 0:069-0-077 3 0-038—
0-042 mm. ; Maplestone gives 0-058-0:06 < 0:036-0-038 mm.

Subfamily (ESOPHAGOSTOMINAS Railliet. 1915.

Buccal capsule eylindrical or large and subglobular. A trans-
verse ventral cervical groove present. The cuticle of the
anterior end may be dilated to form a cephalic vesicle, limited
on the ventral side by the cervical groove. Parasites of the
alimentary tract of mammals.

Key to Genera.

Mouth directed antero-ventrally; buccal cap-

sule deep and subglobular........... .. .. .. CHABERTIA, p- 308,
Mouth directed anteriorly ; buccal capsule
shallow and ring-shaped ............ ... . 1.+

I. Cervical groove completely encircles the neck .
cephalic inflution extends posteriorly to form

dorsal and ventral flaps. ....... RSy L S 30SICOLA, p- 300,
Cervical groove usually limited to the ventral !
and lateral surfaces ; cephalic inflation, when [p- 290.

present, does not form dorsal and ventral flaps. (HSOPHAGOSTOMUM,

I. Genus (ESOPHAGOSTOMUM Molin, 1861.

Synonyms :—Hypostomum  Stewart, 1808 ; (Hsophagostomoides
Schwartz, 1928,

Anterior end usually with a cuticular inflation or vesicle,
limited behind, at the level of the exeretory pore, by a trans.
verse ventral groove, which extends for a varying distance
on to the lateral surfaces. Lateral alm may be present,
originating at the level of the groove, An external and
usually an internal leaf-crown present, The sophageal
funnel occasionally contains three teeth. Medio-lateral and
postero-lateral rays of bursa closely applied to each other and
somewhat divergent from the antero-lateral ray. Externo-
dorsal rays originate high up on the main stem of the dorsal
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ray, which is bifurcate i its posterior two-fifths. A much-
reduced accessory branch arjses from each of the main branches.
An accessory piece present. Vulva near the anus. Uterine
branches parallel. ~ Aduylts parasitic in the intestine of
mammals (chiefly Ungulates and Primates).

Genotype :—Esophagostomum dentatum (Rudolphi, 1803).

The genus (ESO})’NIgO-S!Omum was divided by Riliﬂiet. and
Henry in 1913 into three subgenera, (Ksophagostomum, Pro-
teracrum, and Hysteracrum. To these a fourth, Conoweberia,
was added by Ihle in 1022, Goodey (1924), Thornton (1924)
and Baylis and Daubney (1926) have all expressed the view
that such & division of the genus is unnecessary. Travassos
and Vogelsang (1932) have recently raised the question again,
and have not only revived the four subgenera already men-
tioned, but have added two further subgenera, Bosicola
Sandground, 1929, and 7hleia Travassos and \V‘?)gelsang‘

The name Bosicola was uszed in a generic sense by Sand-
ground for a form which was subsequently admitted to be
identical with sophagostomum radiatum (Rud.). This species
and two other forms, Bourgelatioides traguli Chandler and
(Esophagostomum curvatum Maplestone, appear to the writer
to have in common several characters which mark them off
distinctively from all the other species of (Esophagostomum,
and it secems justifiable to place them together in a group of
generic rank, for which the name Bosicola must be retained
on the ground of priority,

The species (Fsophagostomum tridentatum Maplestone does
not fall naturally into any of the subgenera mentioned, but
appears to be a typical (Esophagostomum except for the special
development of the wsophageal funnel. Apart from Bosicola.
however, the subgenera are based on characters which are,
in the writer’s opinion, of specific value only. These characters
are the position of the cervieal papille, the shape and degree
of development of the @sophageal funnel and whether or not
it contains teeth, the number of elements in the external
Jeaf-crown, and the degree of development of the lateral
ale.

The genus (Esophagostomoides Schwartz, 1928, is here treated
as a synonym of -(]L'.h‘u])/mgusIomllm. It is stated to differ
from the latter chiefly in lacking a ventral cervical groove
and in having a simpler type of ovejector apparatus in the
female, But both S‘(‘h\mrl‘z, in the genotype, and Maplestone,
in 0. fraguli, (l(ﬂ('rlbﬂ. a defimite constriction of the cuticle
in the cesophageal region, and in view of the differences in
the extent and degree of development of the cervical groove
between species usually assigned to Esophagostomum, it
appears doubtful whether the condition found in these two

u2
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forms is of more than specific importance. The absence of
the ‘‘ kidney-shaped pars ejectrix ” of the ovejector, usunally
present in (Fsophagostomwm, can, by itself, hardly be regarded
as a generic character.

Key to Species.

Parasites of sWIne .. oo sddisiiiesaasaes 1.
Parasites of raminants ...... ... .0 4.
Paragites of Primates ... ... .ocvuinianases 7.

1. Spicules of male less than 1 mm. long ...... 2.

Spicules of male more than 1 mm. long ..... 3. [p. 204.

2. External leaf-crown contains 9 elements. . ... quadrispinulatum,

ixternal leaf-crown contains 30 elements. ... maplestonet, p. 295,

3. External leaf-crown contains 9 elements..... dentatum, p. 292,
External leaf-crown contains 14 to 16 elements. brevicaudwm, p. 204,

4. Length of adult about 3 mm. .............. traguli, p. 304,
Length of adult over 7mm. . ....conoaaeeue b,

5. Cephalic inflation absent; spicules of male

lessthan 1 mm. long ... ..oovnenvesccnans columbianum, p. 207,
Cephalic inflation present ; spicules of male \
more than 1 mm. long ........cccecoaain 6.

6. External leaf-crown contains 18 elements. ... venulosum, p. 296.
External leaf-crown contains 12 elements. ... asperwm, p. 297,
BExternal leaf-crown contains 10 elements. ... indicum, p.299.

7. Teeth in esophageal funnel large and arising

TIOAT ItB: DARB . s o s es o dialn ainiu e are @larnin.r oir's 4 tridentatum, p. 303.
Teeth in cesophageal funnel small and arising
near its anteriorend , ... ... e iiiiiiaan, 8.

8. Spicules of male up to 16 mm. long ........ blanchardi, p. 300.

Spicules of male up to 2 mm. long ......... ovatum, p. 302.

1. (Esophagostomum dentatum (Rud., 1803) Molin, I861.
(Fig. 135.)

Synonyms —Strongylus dentatus Rudolphi, 1803 ; Strongylus

(Sclerostoma) dentatus Rudolphi, 1800 ; Seclerostoma dentatum

de Blainville, 1828 ; @ sophagostomum subulatum Molin, 1861 ;
Strongylus follicularis Ostertag, in Olt, 1898,

Host :—This species is a common and widely-distributed
parasite of the domestic pig, and has also been recorded from
peccaries in America. Maplestone records it as occurring
in small numbers in swine slaughtered in Calcutta.

The male measures 8-10 mm. in length and 0-2-0-3 mm. in
maximum thickness, the female about 9-7-14:5 mm. and
0-4-0-5 mm. respectively. The cephalic inflation is well
developed. The cervical groove extends some distance on to
the lateral surfaces. Lateral ale are absent. The buccal
capsule has almost parallel sides. Tts internal diameter is
0:036-0-042 mm. The external leaf-crown contains nine
elements, which project beyond the oral aperture. The
internal leaf-crown contains 18 small elements. The @so-
phagus is club-shaped and is not swollen at the anterior end.
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It measures about 0:5 mm. in length. The cervical papille,
which have bristle-like terminations, are situated t»owa:rds
the posterior end of the cesophagus, and the nerve-ring just
in front of the cervical groove.

The spicules of the male are 1:15-1-32 mm. long. They are
provided with ale and taper to a blunt tip. The accessory
piece is shaped somewhat like a trowel, the anterior portion
representing the handle. It measures 0-116-0-14 mm. in
length (average, according to Maplestone, 0:129 mm.)." The
tail of the female is tapering and measures (-25-0-43 mm. in
length. The vulva is situated at a distance of 0-28-0-39 mm.
from the anus (or, according to Maplestone, 0:534-0:792 mm.
from the posterior extremity), and is slightly prominent.

I
i
>

Fig. 136.—Esophagostomumn dentatum. A, anterior end, lateral view ;

B, posterior end of male, lateral view. (After Yorke and
Maplestone.,)

The vagina i8 about 0-2 mm. long. The eggs measure 0-07-
0:074 < 0:04-0-042 mm. Their contents are segmenting at the
time of ]ayin_g-

The life-history of this and other species of the genus,
so far as it is known, is briefly as follows. The eggs hatch
after lying for a time in the open, and the larva there develop
as far as the third stage, but retain the cuticle of the second
moult. The If"“"*" if swallowed at this stage by a suitable
host, burrows into the intestinal wall and there forms a nodule,
from which it subsequently escapes into the lumen of the
intestine and becomes mature. Larve are sometimes carried
by the blood-stream to the liver, but here they soon degenerate.
According to Goodey, the larva of (. dentatum are not capable
of penetrating the skin of the host.
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2. (Esophagostomum  quadrispinulatum  (Marcone, 1901)
Alicata, 1935%,

Synonym :—®Esophagostomum longicaudum Goodey, 1925.

Host :—This species was originally recorded from the large
mtestine of the pig in New Guinea. It has since been found
in the same host in other parts of the world, and has probably
often been confused with O. dentatum. Maplestone (1930, a)
records it from pigs slaughtered in Calcutta.

Goodey’s description was based on immature specimens,
and few measurements were given. Maplestone has given
a further account of the species, from which most of the
measurements in the following description are taken.

The worm closely resembles . dentatum in general appear-
ance. The male measures 6-56-8-85 mm. in length, the female
8:33-10-36 mm. The buccal capsule is somewhat wider
posteriorly than anteriorly, and its walls are bent inwards
at the anterior edge, forming an acute angle in optical section.
The internal diameter of the capsule anteriorly is 0:04—
0:044 mm., posteriorly 0-056-0-064 mm. The leaf-crowns
are as i 0. dentatum. The cesophagus measures, according
to Goodey, 0-38-0-42 mm. in length, and a characteristic
feature is that it has a small but distinct swelling at its anterior
end. The cervical papille are situated somewhat behind the
middle of the asophagus.

The spicules measure 0-78-0-88 mm. in length according to
Maplestone, or 0-91-0:95 mm. according to Goodey. The
accessory piece is trowel-shaped, as in O. denfatum, and
measures, according to Maplestone, 0:104-0-12 mm. in length
(average 0-114 mm.). The tail of the female is 0-36-0-37 mm.
long according to Maplestone, or 0-46-0-47 mm. according to
Goodey. The vulva is situated at a distance of 0-38-0-52 mm.
from the anus, or, according to Maplestone, 0-812-0-99 mm.
from the posterior end. The eggs measure 0:048-0-052%
0-028-0-031 mm. (Maplestone).

3. (Esophagostomum brevieaudum Schwartz and Alicata, 1930,
Synonym :—Esophagostomum suiz Maplestone, 1930.

Host :—Domestic pig (cmcum and large intestine). This
species is recorded from the United States of America by
Schwartz and Alicata. According to Maplestone, it is the
commonest species in pigs slaughtered in Caleutta.

The male measures 6-2-8:75 mm. in length and about
0:3-0-45 mm. in maximum thickness, the female 6-4-11-4 mm.
and about 0-3-0-48 mm. respectively. The worm is similar
in general appearance to O. denfatum. The buccal capsule

* Journ. I’urusiwrl.rxixi. p. 215.
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measures 0-016 mm. in length and about 0-04 mm. in width.
As seen in optical section, its walls, according to Schwartz
and Alicata, are separated by an annular groove into ** a more
or less triangular apical portion and a more or less spherical
basal portion.”” The external leaf-crown contains 14 to 16
elements, the internal 28 to 32. The cephalic inflation is well
marked. The cervical groove, which extends on to the sides,
is situated at about 0-17-0-24 mm. from the anterior end.
The cesophagus has a slight swelling anteriorly, and measures
about 0-36-0:45 mm. in length in the male, 0-43-0-5 mm.
in the female, The nerve-ring is situated at about the level
of the cervical groove, and the cervical papille behind the middle
of the wsophagus, at about 0-33-0-38 mm. from the anterior
end.

The spicules are about 1-1:3 mm. long. The accessory
piece is shaped as in 0. dentatum and measures 0-095-0-12 mm.
in length. The tail of the female is bent dorsally. TIts length,
according to Schwartz and Alicata, is only 0-081-0-12 mm.,
but Maplestone gives it as 0:356-0:515 mm. The vulva is
situated at 0-19-0-225 mm. from the tip of the tail, according
to the American authors. Maplestone states that it is at
0:614-0-792 mm. from the anus. The vagina is 0-218-
0-285 mm. long. The eggs measure about 0-053-0-0683X<
0:028-0:045 mm.

4. (Esophagostomum maplestonei (Schwartz, 1931) emend.
Schwartz, 1932,

Synonyms —@Fsophagostomum conictm  Maplestone, 1930, nec
Mohn, 1861; Fsophagostomum naplestoni Schwartz, 1931;
(Esophagostomum conoides Maplestone, 1931,

Host :—Domestic pig (cecum and large intestine) ; found
by Maplestone in 9 out of 49 pigs slaughtered in Calcutta,
but never in large numbers.

The male measures 6:87-7-91 mm. in length and about
(:32-0+-34 mm. in maximum thickness, the female 8:2-9-1 mm.
and 0-45-0-5 mm. respectively, ¢ The external appearance of
the anterior end 18 quite distinctive, as the worm is relatively
broad in proportion to its length; it tapers towards the
anterior end from about the level of the cervical papilla, and
there is no distinet mouth-collar. .. The ventral cervical
aroove is deep and the anterior cuticular lip of the groove
overhangs it~ (Maplestone). The groove is situated at
about 0:16-0:18 mm. from the anterior end. The cephalic
inflation is not well marked. The walls of the buccal capsule
are ¢ comma-shaped ” in optical section, with the broad end
anterior. The capsule measures about 0:04 mm. in length
and 0-08 mm. in width. “ There is a distinet groove encircling
its inner surface slightly anterior to the middle, from which
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both leaf crowns appear to arise.” Rach leaf-crown contains
30 elements. The wsophagus (in the female) is about 0-67-
0-71 mm. long. It is * relatively broad, with a distinct
wesophageal funnel.” The cuticular lining is produced into
three ridges projecting into the lumen of the funnel. The
cervical papille are situated at 0-46-0-48 mm. from the
anterior end (in the female).

The spicules are 0-832 mm. long. The accessory piece is
of the typical form. The posterior end of the female is straight
and tapering. The tail measures 0-237-0-257 mm. in length.
The vulva is situated at 0-317-0-356 mm. from the anus.

The vagina is 0-06-0-064 mm. long. The eggs measure
0-06 < 0-032 mm.

5. (Esophagostomum venulosum (Rud., 1809) Railliet, 1885.

Synonyms :—Strongylus venulosus Rudolphi, 1800 ; Strongylus
ammonis Rudolphi, 1819 ; (Hsophagostomum aculum Molin, 1861 ;
(Hsophagostoma inflatum var. ovis Carita, 1887 ; [Esophago-
stomum. (Hysteracrum) venulosum Raillict and Henry, 1913].

Hosts :—This species occurs in the large intestine (more
rarely in the small intestine and stomach) of various ruminants,
including the goat, sheep, deer and camels, and is widely
distributed. It has been recorded by Gaiger from sheep in
India, and by Bhalerao from the * hill goat ™ or Himalayan
ibex (Capra sibirica) at Muktesar, United Provinces.

The male measures 11-16 mm. in length and 0:3-0-4 mm.
in maximum thickness, the female 13-24 mm. and 0-5-
0:6 mm. respectively. The mouth-collar is in the form of
a truncate cone, and is marked off by a distinet groove.
The cephalic inflation is fairly well developed, but diminishes
in width before the cervical groove. which usually extends
only as far as the lateral lines, but according to Ransom may
gometimes be traced right round the body. Narrow lateral
ale extend throughout‘i)carl_v the whole length of the body.
The buccal capsule, which is about five times as wide as long,
i (’07“])05(‘([. according to GDO(IP_\'. of a l‘illg of 18 parts.
The external leaf-crown contains I8 elements, the internal
36. The wmsophagus is about 0-8 mm. long. The nerve-
ring is situated at the level of the cervical groove, or behind it.
The cervical papille are behind the posterior end of the
asophagus, at about 1-25 mm. from the anterior extremity.

The spicules are 1-1-1-5 mm. long. The accessory piece is
shovel-shaped, with a short * handle,” and measures 0-00-
012 mm. in length. The tail of the female is 0-15-0-2 mm. long,
straight and sharply pointed. The vulva is situated at
0-375-0-5 mm. from the posterior end. The vagina is (-4~
0-6 mm. long. The eggs measure 0:085-0-1 0-045-0-055 mm.
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6. (Esophagostomum asperum Railliet and Henry. 1913.

[Synonym :—@Esophagostomum (Hysteracrum) asperum Railliet and
Henry, 1913.]

Host :—This species has been recorded from the intestine
of goats in various parts of the world (the Panama Canal Zone,
China and the Federated Malay States). Bhalerao has recorded
it from the Himalayan ibex (Capra sibirica) at Muktesar,
United Provinces.

The male measures about 11-13 mm. in length and 0-42-
0-48 mm. in maximum thickness, the female about 14—
17-5 mm. and 0:5-0:6 mm. respectively, The cuticular
striations are at intervals of 5-7x. The mouth-collar is in
the form of a truncate cone and measures 0-06-0-062 mm.
in length. It is marked off by a well-defined groove posteriorly.
The cephalic inflation of the cuticle is well developed. The
cervical groove is well marked ventrally and extends on to
the lateral surfaces as far as the lateral lines. It is situated
at about 0-:32-0-36 mm. from the anterior extremity. The
external leaf-crown consists of 12 bluntly rounded elements,
the internal leaf-crown of 24 small elements. The buccal
capsule is about 0:04-0-044 mm. long and about twice as
wide. Tts base is at the level of the posterior limit of the
mouth-collar. On the inner surface of its wall, at about the
posterior third, there is an annular groove. The cesophagus
is club-shaped and measures about 0:74-0-88 mm. in length.
The cervical papille are situated behind it, at a distance of
1-1-5 mm. from the anterior end. The nerve-ring is just
behind the cervical groove. 2

The spicules of the male measure 1-35-1-7 mm. in length.
The accessory piece, according to Goodey, is about 0-1 mm.
long and is shovel-shaped, but with the handle of the shovel
missing or represented by a small, rounded knob.

The tail of_ the female is 0:14-0-17 mm. long, and bears
a pair of papille at 0-055-0-06 mm. from the tip. The anus
and vulva are rather prominent. The latter is situated at
about 0-32-0-39 mm. from the posterior end. The vagina
runs forward for a distance of about 0-65-0-87 mm.

0 = P The eggs
measure 0:083-0-085 < 0-055-0-06 mm.

7. (Esophagostomum columbianum (Curtice, 1890) Stossich.
1899. (Fig. 136.)

Synonyms :—Esophagostoma columbianum Curtice, 1800 : Hypo-

stomum rolun'»bimm Stewart, 1808 ; [Esophagostomum (Protera-
crum) columbianum Railliet and Henry, 1913].

Hosts :—This widely-distributed species occurs in the large
intestine of the sheep and goat, and has oceasionally been
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recorded from cattle. According to Gaiger it is common in
sheep and cattle in the Punjab.

The male measures 12-16 mm. in length and 0-23-0-4 mm.
in maximum thickness, the female 14-18 mm. and 0-3—
0-5 mm. respectively. The anterior end of the worm is fre-
quently curved into a hook. The mouth-collar is in the form
of a truncate cone, and its posterior edge is rather prominent.
There is no cephalic inflation. The cervical groove extends
only as far as the lateral lines. Lateral ale extend from the
groove throughout almost the whole length of the body.
The external leaf-crown contains 20 to 24 elements, the internal

LR

Fig. 136.—Esophagostomum columbianum. Anterior end ; dorsal view.
(From Baylis, after Ransom.)

40 to 48.  The wsophagus is about 1 mm. long. The cervical
papille project through the lateral alm just behind the cervical
aroove. The nerve-ring is somewhat behind them, but in
front of the middle of the esophagus,

The spicules measure 0-75-0-85 mm. in length, the accessory
piece about 0-1 mm. The tail of the female is tapering and
0:3-0:6 mm, long. The vulva, which is slightly prominent,
is situated at about 1-1-4 mm. from the posterior extremity.
The vagina is less than 0-1 mm. long. The eggs measure
0:065-0:075 < 0-04-0-045 mm. :
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8. (Esophagostomum indicum Maplestone, 1931. (Fig. 137.)

[Synonym :—@sophagostomum (Hysteracrum) indicum Travassos
and Vogelsang, 1932.]

Hosts :—This species is recorded from the large intestine
of the spotted deer (Cervus azis) and red deer (Cervus elaphus)
in the Zoological Gardens, Calcutta.

The male measures 7-6-9:1 mm. in length (or up to 10-5 mm.
in the red deer) and 0:34-0.36 mm. in maximum thickness,
the female 9:9-10-4 mm. (or up to 12-2 mm. in the red deer)
and 0-38 mm. respectively. The mouth-collar is rather deep and
marked off by a groove, and has a diameter of 0:13-0-14 mm.

0./mm.

Fig. 187.—W®sophagostomum indicum. Anterior end ; lateral view.
(After Maplestone.)

There is a cephalic inflation, as in 0. dentatum. The cervical
roove is situated at 0-26-0-28 mm. from the anterior end. The
buccal cupsulq is wider posteriorly than anteriorly, and has
a maximum diameter of 0-066-0-072 mm. In frontal optical
section there 1s seen to be a broad, shallow, longitudinal
groove on each of the external lateral surfaces of the capsule.
Bach of the leaf-crowns contains ten broad elements. The
external leaf crown arises from the base of the capsule, from
which it sweeps mwards and forwards. The internal leaf
crown consists of very short coarse elements, which in npticul
section appear as & double-contoured wav ¥y line ranning across
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the capsule at its anterior end.” The wmsophageal funnel
has three longitudinal cuticular ridges projecting into its
lumen. The wsophagus is about 0-71 mm. long. The cervical
papille are situated just behind its posterior end.

The spicules measure 1-3-1-36 mm. in length, and the acces-
sory piece, which is of the typical trowel shape, 0-084 mm.
The tail of the female is straight and sharply pointed, and is
0:13-0-14 mm. long. The vulva is situated at 0-18 mm.
from the anus. The vagina is relatively long. The eggs
measure 0-068-0-076 < 0-036-0-042 mm.

9. (Esophagostomum blanchardi Railliet and Henry, 1912.
(Figs. 138 & 139.)

[Synonym :—@sophagsstomum (Conoweberia) blanchardi Travassos
and Vogelsang, 1932.]

Hosts :—Specimens found on three occasions in the stomach
of the hoolock gibbon (Hylobates hoolock) in the Zoological
Gardens, Calcutta, were referred by Maplestone, with some
doubt, to Esophagostomum apiostomum (Willach, 1891).
According to Travassos and Vogelsang, who have recently
revised the species of (Esophagostomum parasitic in Primates,
Maplestone’s material was probably referable to O. blanchardz,
a species which was originally recorded from the orang outan
(Stmia satyrus) from Borneo.

The following description is taken mainly from Travassos
and Vogelsang.

The male measures 15-17 mm. in length and 0-45 mm.
(according to Maplestone 0-614 mm.) in maximum thickness,
the female 17-20 mm. and 0-57-0-71 mm. respectively. The
cephalic inflation is well developed. The cervical groove
15 situated at (-22-0-3 mm. (according to Maplestone, up to
0-376 mm.) from the anterior end. The buccal capsule
measures 0-02-0-028 mm. in length, and its greatest diumet:er,
at the posterior end, is 0-056-0-064 mm., or, according
to Maplestone, 0-088-0-096 mm. The external leaf-crown
normally contains 10 elements, but sometimes more—up to
13 (Travassos and Vogelsang), 14 (Maplestone), or even 16
(Railliet and Henry). The internal leaf-crown contains
numerous small elements. The wsophageal funnel is wide.
Its walls are slightly incurved and bear three teeth anteriorly.
The esophagus is about 0-7-0-9 mm. long (up to 0:951 mm.,
according to Maplestone). The cervical papille are situated
at about 0-42-0-57 mm, from the anterior extremity.

The spicules measure 1:3-1:4 mm. (according to Maplestone
1:56-1-58 mm.) in length. The length of the accessory piece,
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according to the latter author, is 0-158-0-16 mm. The tail
of the female is conically pointed and 0-18-0-24 mm. long.
The vulva is situated at 0-37-0-48 mm. from the posterior end,
or, according to Maplestone, at 0-218-0-297 mm. from the

Fig. 138.

c1 mm,
Fig. 138.—F sophagostonum blanchardi. Anterior end. (After Travassos
and Vogelsang,) ™
Fig. 139.—@E sophagostomum blanchardi. Bursa of male: lateral view.
(After Travassos and Vogelsang.)

anus. The vagina is 0-297-0-396 mm. long (Maplestone).
The eggs measure 0-072-0-08¢ 0-04-0-044 mm. (Maplestone
gives 0-064 % 0-04 mm.),
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10. Esophagostomum ovatum (v. Linstow, 1906) Railliet
and Henry, 1912.

Synonyms :——Strongylus ovatus v. Linstow, in Smidf, 1906 ;
Esophagostomum blanchardi of Maplestone, 1931, nec Railliet
and Henry, 1912 (F sophagostomum (Conoweberia) ovatum
Travassos and Vogelsang, 1932 ; sophagostomum (Conoweberia)
raillieti Travassos and Vogelsang, 1932.

Hosts —NStrongylus ovatus was originally recorded from
Hylobates syndactylus and H. agilis in Sumatra. Maplestone
(1931) has recorded, under the name of (Esophagostomum
blanchardi Railliet and Henry, a species from the stomach of
the hoolock gibbon (Hylobates hoolock) in the Zoological
Gardens, Calcutta. Travassos and Vogelsang (1932) consider
that Maplestone’s form is not O. blanchardi, and regard it
4s 4 new species, for which they propose the name 0. ratllicti.
';l‘he_\' state at the same time, however, that it is possible that
i may be 0. ovatum, an imperfectly-described form of which
they have not had the opportunity to examine material,
and which they regard as a species of doubtful validity.

The present writer (1926) gave some description of a single
male specimen from Hylobates miilleri in Sarawak, Borneo,
which was provisionally referred to 0. ovatum. The measure-
ments of this specimen agree so closely with those given by
Maplestone for his *“ (. blanchardi ™ that the writer feels
justified in assuming it to be of the same species, and, on the
ground of the hosts and geographical distribution, further
assuming that Maplestone’s species is identical with v. Lin-
stow’s.

The dimensions of 0. ovatum, according to v. Linstow,
are :—Male 11-1 mm. in length and 0-53 mm. in thickness ;
female 8:7-19-3 mm. and 0-43-0-7 mm. respectively. Maple-
stone gives 15-3 mm. and 0-654 mm. for the male. 19-2 mm.
and 0-83 mm. for the female. The writer’s male specimen
measured about 17 mm. in length and 0:7 mm. in maximum
thickness. The cuticular striations, according to v. Linstow
and the writer, are at intervals of about 20 w. The cervical
groove is situated, according to Maplestone, at 0-356 mm.
in the male, and at 0-396 mm. in the female, from the anterior
end. The writer gave 0-45 mm. for the male. The \\'.n"S
of the buccal capsule are somewhat lenticular in optical
section, The capsule measures 0-039-0-041 mm. in length
(Maplestone) or 0037 mm. (Baylis); its width is 0-112-
0:12 mm. (Maplestone) or 0-14 mm. (Baylis). The external
leaf-crown, according to Maplestone, contains 14 elements.
The asophagus measures 0-94 mm. (an[is) or 1-:05-1-1 mm.
(Maplestone) in length. The cervical impillm, according to
Maplestone, are situated at 0-536 mm. from the anterior end
in the male.
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The spicules measure, in an immature male, according to
v. Linstow, 1-19 mm. in length ; in mature males 1-98 mm.
(Maplestone) or about 2 mm. (Baylis). The accessory piece,
according to Maplestone, is (-2 mm. long. The length of
the tail in the female, according to the same author, is 0-277 mm.,
the distance from vulva to anus 0-297 mm., the length of the
vagina (-535 mm., and the dimensions of the eggs 0-068 %
0:044 mm.

11. @Esophagostomum tridentatum Maplestone, 1932, {Figs,
140 & 141.)

Host —Dusky langur (Semnopithecus obscurus) (stomach) :
Zoological Gardens, Calcutta,

The male measures about 12-14 mm. in length and 0-5-
0:6 mm. in maximum thickness, the female about 14-17 mm.

Fig. l-lO.———GJ{m;:ImuO-ﬂfomum tridentatum. Anterior end. A, lateral
view ; B, dorsal view. (After Maplestone.)

and 0:65-0-7 mm. respectively. The mouth-collar is somewhat
conical. The cervical groove, which is well marked but
apparently confined to the ventral surface, is situated at about
0-36-0-49 mm. from the anterior end. The external leaf-
crown consists of 20 broad, pointed elements which project
beyond the mouth-collar. “ There is no internal leaf-crown,
but on each side of the base of the leaves of the external leaf-
crown there is a small knob.like thickening which probably
represents a rudimentary leaf-crown.” The buceal capsule
measures about 0-1-0-16 mm. in length and 0-2-0-3 mm.
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in width. *“ Its dorsal wall is slightly shorter than the rest of
the capsule and the duct of the dorsal gland is marked by
two longitudinal ridges internally and by a slight groove
externally.” The cesophageal funnel forms a wide, cup-
shaped cavity, as wide anteriorly as the base of the buccal
capsule, and measuring about 0-12-0-16 mm. in length.
From its walls, near the base, there arise three large, anteriorly-
directed teeth with broad bases and sharp points. One of these
teeth is dorsal and two subventral. The wsophagus is about

Fig. 141.—@sophagostomum tridentatum. Bursa of male; dorsal view.
(After Maplestone.)

1 mm. long. The cervical papille are situated at about
0-54-0-61 mm. from the anterior extremity.

The arrangement of the rays of the bursa in the male is
typical. Prebursal papill are present. The spicules measure
1-6 mm. and the accessory piece 0-175-0:18 mm. in length.

The tail of the female is about 0-16-0-2 mm. long. The
vulva is situated at about 0-16-0-2 mm. from the anus. The
vagina measures about 0-3-0-34 mm. in length. The eggs
measure 0:072-0-08 x 0-04-0-044 mm. z

12. Esophagostomum traguli (Maplestone, 1932).

Synonym —@isophagostomoides traguli Maplestone, 1032 (not
Bowrgelatioides traguli Chandler, 1931).

Host —Javan mouse-deer (T'ragulus javanicus) (intestine) ;
Zoological Gardens, Caleutta.

In this very small species the male measures 2:9 mm. in
length, the female 3 mm. The maximum thickness in both
sexes ie 0-218 mm. A mouth-collar is not apparent. The
external leaf-crown consists of eight (? ten) coarse, rounded
elements arising from the anterior border of the buccal capsule
and curving outwards. According to Maplestone * there is
no ventral cervical groove, but there is a distinct cephalic
inflation which is marked posteriorly by a projecting ridge
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followed by a groove in the cuticle which completely encircles.
the body.” The buccal capsule is small and eylindrical.
It measures 0-006 mm. in length and 0-004 mm. in width.
The @sophagus is nearly eylindrical for its anterior two-
thirds, but has a large bulb-like swelling posteriorly. Its
length (in the female) is 0-164 mm. The nerve-ring is situated
just in front of the posterior swelling. The excretory pore and
cervical papillee were not seen.

The bursa of the male is typical. The spicules are tapering,
pointed and alate, and measure (-872 mm. in length. An
accessory piece is present.

The tail of the female is 0-084 mm. long, narrows suddenly
at about its middle and ends in a sharp point. The vulva
i8 situated at 0-04 mm. from the anus. The muscular vagina
runs forward for a distance of 0-:396 mm., and has a constriction
at about its middle. It divides into two opposed, muscular
ovejectors, from the ends of which the uterine branches arise.
The posterior of these turns forward almost immediately to
run parallel to the anterior branch. The eggs measure 0-052-
0-056 ¢ 0-03-0-036 mm.

2. Genus BOSICOLA Sandground, 1929.

Synonym :—Bourgelatioides Chandler, 1931.

Mouth-collar circular in optical section. Cephalic inflatiors
well developed, with a shallow annular constriction b(;hmd its
middle, and limited behind by a cervical groove which runs
completely round the neck and extends further back dorsally
and ventrally than laterally, forming dorsal and ventral
cuticular flaps. Lateral alm well developed, beginning at
the cervical groove and extending throughout almost the whole-
length of the body. Buccal capsule shallow, more or less.
evlindrical. External leaf-crown absent. Internal leaficrown
répresented by a ring of small denticles at the anterior border
of the buccal capsule. In other characters the genus closely
resembles (Fsophagostomum. Adults parasitic in the intestine

inants.
Ofél;gz;vpc -— Bosicola radiatus (Rudolphi, 1803).

Key to Species.

Snjcules of male with convoluted terminal
GIAMENES « o rsvrrestossrreruteannrsesenay traguli, p. 307.
Spicules of male without terminal filaments, ... 1,
1 interllal leaf-crown contains about 40 elements ;

cesophagus about 1 mm. long............... radiatus, p. 306.
Internal leaf-crown contains at least 50 elements ;
sophagus about 0:6-0-8 mm. long ......... curvatus, p. 307-

NEM. X
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1. Bosicola radiatus (Rud., 1803). (Fig. 142))
Synonyms :—Strongylus radiatus Rudolphi, 1803 ; Strongylus

inflatus Schneider, 1866, nec Molin, 1861 ; Strongylus dilatatus
Railliet, 1884 ; @sophagostomum inflatum Railliet, 1885 :
Ankylostoma radiatum Blanchard, 1888: Esophagostomum
dilatatum Railliet, 1896 ; Esophagostomum radiatum Railliet,
1808 ;  Wsophagostomum vesiculosum v. Riétz, 1808 ; (Eso-
phagostomum bovis Schnyder, 1906 ; (Fsophagostomunt biramosum
Cuillé, Marotel and Panisset, 1011 ; (Psophagostomum (Protera-
crum) radiaturn Railliet and Henry, 1913 ; Bosicola tricollarix
Sandground, 1929; @sophagostomum (Bosicola) vadiatum
Travassos and Vogelsang, 1932,

Hosts :—This species is a widely-distributed parasite of the
large intestine of cattle. It is mentioned by Gaiger as fairly

Fig. 142.— Bosicola radiatus. Anterior end ; dorso-ventral view.

(After Ransom.)

common in cattle in the Punjab, and has also been recorded
from the buffalo (Bos bubalus) by Lane (locality, Darjeeling)
and by Baylis and Daubney, and from a * hybrid bison ™
(Bos frontalis x B. taurus) in the Zoological (Gardens, Calcutta,
by Maplestone. y

The male measures 14-17 mm. in length and 0-3-0-4 mm,
in maximum thickness, the female 16-22 mm. and 0-3-0-4 mm.
respectively. The bueccal capsule is slightly wider in front
than behind. Theinternal leaf-crown contains 38 to 40 elements,
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The wsophageal funnel is well developed and measures about
0:075 mm. in length. The sophagus is about 1 mm. long.
The cervical papille are situated towards the middle of the
cesophagus, a little behind the posterior limit of the cephalic
inflation,

The spicules measure 0-7-0-8 mm. in length, the accessory
picce about 0-1-0-115 mm. The posterior end of the female is
slightly curved ventrally. The tail is 0:3-0-4 mm. long. The
vulva is rather prominent, and is situated at about 1 mm. from
the posterior end. The vagina is about 0-1 mm. long. The
eggs measure (-075-0-085><0-:04-0-045 mm.

2. Bosicola curvatus (Maplestone, 1931).

Synonyms :—Esophagostomum curvatum Maplestone, 1931 ; Fso-
phagostomum (Bosicola) curvatum Travassos and Vogelsang,
1932,

Host :—Spotted deer (Cervus axis). (large intestine); Zoo-
logical Gardens, Calcutta. -

The male measures 8:4-9-6 mm. in length and 0-:20-0-32 mm.
in maximum thickness, the female 12:5-14-8 mm. and 0-36—
0-42 mm. respectively. The anterior end is bent into a hook.
“ There is a well-marked mouth collar in the form of a ring
with rounded edges, which curves forwards laterally.” The
diameter of the mouth-collar (in the male) is 0-075 mm. The
cephalic inflation is similar to that of B. radiatus. The
cervical groove is situated at 0:21-0-22 mm. from the anterior
end. The buceal capsule is cylindrical and measures 0-028-
0:032 mm. in diameter. The internal leaf-crown contains at
least 50 elements. The cesophageal funnel is 0-:044 mm. deep,
and ** is marked off from the rest of the wsophagus by a trans-
verse line, and its chitinous lining is furnished with three
sharp longitudinal ridges which might almost be regarded as
ieeth.” The esophagus is 0-57-0-61 mm. long in the male,
0-65-0-79 mm. in the female. The cervical papiile are situated
at 0-28 mm. from the anterior end.

The spicules measure 0:49-0-59 mm. in length, and their
tips are curved \'ot}fmlly:. The accessory piece is " in the form
of a deep trough in which the spicules lie.” The tail of the
female is straight and _slvnflur, and measures 0-22—0-26 mm.
in length. The vulva is situated at 0-57-0-75 mm. from the
" The eggs measure 0-072-0-076 0-04 mm.

anus.
3. Bosieola traguli (Chandler, 1931).
Synonyi : -Bourgelatioides traguli Chandler, 1931,
Host ~—Javan mouse-deer (Tragulus javanicus) (small

intestine) ; Zoological Gardens, Calcutta.
X2
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The male measures 11-3 mm. in length and 0-42 mm. in
thickness, the female 11:5 mm. and 0-46 mm. respectively.
The cuticle shows fine striations. which are more distinet in
the female than in the male. The cephalic inflation is similar
to that of B. radiatus. *° The groove and overlying flap which
separate the head from the rest of the body are about 200
from anterior end of body.” The buccal capsule is shallow
and cylindrical. The internal leaf-crown contains 20 to 25
elements. The head, at the level of the posterior end of the
capsule, has a diameter of about 0-067 mm. The msophagus
is club-shaped and measures about 0-55 mm. in length.

The spicules have striated ale and taper to fine points,
each bearing a long, convoluted terminal filament. They
measure, excluding the filaments, 0:655 mm. in length. The
tail of the female is sharply pointed and 0-2 mm. long. The
vulva is situated at about 0-25 mm. from the anus, and has
prominent lips. The eggs measure about 0:077 < 0-04 mm.

3. Genus CHABERTIA Railliet and Henry, 1909.

Anterior end obliquely truncate, so that the mouth faces
antero-ventrally. Ventral cervical groove faint. A trace
only of a cephalic vesicle present ventrally. Buccal capsule
large, subglobular, without teeth. Much-reduced external
and internal leaf-crowns present, just behind its anterior
margin. Spicules long, tubular and slender. An accessory
piece present. Adult worms parasitic in the intestine of
ruminants,

Genotype —Chabertia ovina (Gmelin, 1790).

1. Chabertia ovina (Gmelin, 1790) Railliet and Henry, 1909.

Synonyms :—Strongylus ovinus Gmelin, 1790% ; Strongylus con-
tortus Rudolphi, 1802 (part); Strongylus hypostomus Rudolphi.
1819 : Sclerostoma hypostomum Dujardin, 1845 (pait) ; Dochmius
hypostomus Diesing, 1851 (yart); Sclerostomum hypostomum
Leuckart, 1867 ; Sclerostomum ovinum Stessich, 1899,

Hosts —This species occurs in the large intestine of the ox,
sheep, goat and various other ruminants, and is of cosmo-
politan distribution. Bhalerao (1935, b) records it from cattle
(Bos indicus) and sheep at Muktesar, United Provinces, and
in the Punjab.

The male measures 13-16 mm. in length and about 0-35-
0:5 mm. in maximum thickness, the female 15-25 mm. and

* Fabriciug, 1788, hag been quoted by Railliet as the author of this
name, but the reference is to Fabricius, in Miller, 1788, Zool. Dan. ii,
p. 8. On p. 3 (not p. 8) of Miller it is stated that Fabricius recently
found a Strongylus * in intestinis ovium,” but apparently he did not
name it.
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abont 0-5-0-65 mm. respectively. The buccal capsule is large
and subglobular anteriorly, but somewhat narrowed and
truncate posteriorly. Its length is about 0-54 mm. The two
leaf-crowns consist of numerous small, pointed denticles. The
sophagus is club-shaped and measures 1-2-1-4 mm. in length.
The nerve-ring is situated at about the anterior third of the
<esophagus, and the excretory pore just behind the cervical
groove.

The dorsal lobe of the bursa is slightly longer than the
lateral lobes. The tips of the antero-lateral and externo
dorsal rays are some distance from the edge of the bursa,
the other rays reaching the edge. The ventral rays are close
together, as are also the medio-lateral and postero-lateral
rays. The antero-lateral ray diverges from the medio-lateral,
and is stouter than the other lateral rays. The branches of the
dorsal ray are bidigitate, the inner termination only reaching
the edge of the bursa. Large prebursal papille are present.
The spicules measure 1-3-1-7 mm. in length and are provided
with ale. The accessory piece is 0-08-0:1 mm. long.

The tail of the female measures 0-2-0-23 mm. in length.
It diminishes rapidly in thickness from the anus to about its
middle, and then tapers more gradually to a sharp pomt,
which is curved dorsally. The wulva is situated at about
0-37-0-5 mm. from the posterior end. The vagina is al;out
0-15 mm, long. The combined length of the muscular portions
of the ovejectors is 0-2 mm. or more. The eggs measure
0:09-0-1X0-05 mm. Their contents are segmenting when
they are laid. ¢

Subfamily STEPHANURINA Railliet,
Henry and Bauche, 1919.

Buccal capsule well developed, cup-shaped, with a leaf-
crown at its anterior margin. Bursa of male subtermipt}l
and poorly devcl_oped, with stunted rays. Worms parasitic
in the ureters or in the abdominal viscera of Ungulates.

1. Genus STEPHANURUS Diesing, 1839.

Worms of relatively stout form. Mouth cirenlar, provided
with an external leaf-crown of small elements. Cuticle
surrounding the mouth reflected externally to form six thicken-
ings or epaulettes,” two median and four submedian.
Buccal capsule cup-shaped, with thick walls. At its base there
are six teeth which may be bicuspid or tricuspid. Rays of
bursa short and stout. Dorsal ray divides into two branches
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which are bifurcate or trifurcate at their tips. Lateral rays
closely applied to each other; the postero-lateral ray thicker
than the other two. Spicules equal or subequal. An accessory
piece present. Tail of female short. abruptly attenuated
behind the anus and bearing a pair of globular lateral cuticular
processes. Vulva close to anus. Uterine branches parallel.
The intestine is considerably longer than the body, and is
therefore convoluted.
Genotype :—Stephanurus dentatus Diesing, 1839.

1. Stephanurus dentatus Diesing, 1839. (Fig. 143.)

Synonyms :—Selerostoma  pinguicola  Verrill, 1870 ; Slroll.’l!/”“‘:
dentatus Dean, 1874, nec Rudolphi, 1803 ; Stephanurus natterers
Cobbold, 1879 ; Strongylus (Sclerostoma) pinguicola Magalh es,
1894 : Sclerostomum renium Drabble, 1922 : Stephanurus mioraj
Almeida. 1928 : ? Sclerostoma dentatum of Leidy, 1856, nec
Rudolphi. 1809, . e

Hosls :—This worm occurs as an adult in the ureters of the
pig. Immature specimeris are found in the perirenal fat,
in the liver or other abdominal viscera, and occasionally
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Fig. 143 —Stephanurus denfatus. A, anterior end ; B, posterior end of
male, ventral view. (From Baylis, after Daubney.)

in the lungs, The ox and the donkey have also been recorded
as hosts of this species. The parasite has a wide geographical
distribution, bat although it has been recorded from Annam,
Java and Sumatra, the writer has been unable to find any
definite Indian records. Baylis and Daubney (1923, b) record
specimens in the collection of the Zoological Survey of India,
but these may ormay not have been of Indian origin.” Daubney
(1923) mentions specimens in the British Museum (Natural
History) from Bast Africa and India, but these localities are
incorrect, the material in question having come from the
Gold Coast and the West Indies l‘(‘S[mctivol_\\'.

The following description is taken mainly from that given
by Daubney. ’

The male measures 20-30 mm. in length and up to 1-2 mm,
in maximum thickness, the female 2545 mm. and up to
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1:8 mm. respectively. The anterior end of the body is some-
times curved ventrally. The buccal capsule measures about
0:18 mm. in length and the same in maximum width. At
Et‘s base there are usnm]'ly six teeth, which are variable in shape.
l‘he leaf-crown contains about 50 small, pointed elements.
The cesophagus is shaped like an Indian club. Its length
(in the female) is about 1:6 mm. The nerve-ring is situated
at about 0-5 mm. from the anterior end, and the excretory
pore about 0:5-0:6 mm. behind the nerve-ring.

The spicules have transversely striated alee and are slightly
swollen at the tips. They vary in length from about 0:66 1o
1 mm., and may be equal or unequal. When the latter is the
case, the left spicule is the longer. The accessory piece is
flattened and heart-shaped, and measures about 0-075 mm. in
leneth.

In the female the body is bent ventrally, almost at a right
angle, pehind the vulva. The tail is about 0-59 mm. long,
and is suddenly constricted in diameter a little behind the
anus, At about the level of the anus there is a pair of lateral
processes of globular form. The vulva is situated at about
1-36 mm. from the anus. The vagina is very short, and
leads into paired uterine branches which are opposed at first.
The posterior bra‘noh, however, turns forward almost at once
to run parallel with the other. The eggs measure 0:09-0-1x
0:056-0-065 mm.

The life-history of Stephanurus has been studied recently
by several observers, and may be summarized as follows.
The eges reach the exterior with the urine of the host, and hatch
after one or two days. The larve reach the infective stage
after a further four or five days, under favourable conditions
of temperature and moisture. They are capable of remaining
alive in the open for about five months, but cannot withstand
drying. Infection may take place either through the swallow-
ing of infective larv_:v with food or water, or through larvee

netrating the skin. The latter process appears to be
facilitated if there are wounds in the skin through which the
Jarvee can enter, and there is a difference of opinion as to
whether the larvea are able to penetrate the uninjured skin of the
By whatever route they enter the body, the larvae
appear to .undergo their third moult soon afterwards, and then
the majority of them migrate (probably by way of the portal
system) fo t.h.c liver, though some may be found in other
c;rgnns and tissues. In the liver they remain for several
months, and undergo the fourth moult. Finally they migrate,
apparently by direct penetration through the tissues, to the
perirenal fat and to the ureters. In the last situation they

reach maturity.

pig-
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Subfamily SYNGAMINA Baylis and
Daubney, 1926.

Buccal capsule well developed, subglobular, without leaf-
crowns at its anterior margin, but with teeth at its base.

Eggs operculate. Parasites of the respiratory tract of birds
and mammals.

1. Genus SYNGAMUS v. Siebold, 1836.

Sexes joined permanently in copula. Buceal capsule large,
furnished at its base with a variable number of teeth. Bursa
of male small and thick-walled, its rays short and stout.
Spicules small, in some species extremely small and difficult
to detect. Vulva in anterior third of body. Adult worms
parasitic in the trachea or bronchi of birds and mammals.

Genotype :—=Syngamus trachea (Montagu, 1811).

Key to Species.
S T B vt S b s v 1 L s trachea, p. 312.

Parasite of cattle and buffalo ............. . .. .. laryngeus, p. 315,
A st ofrale DAt s s Vo s e iy, et ore indicus, p. 315,

1. Syngamus trachea (Montagu, 1811) Chapin, 1925. (Figs.
144 & 145.)

Synonyms :—Fasciola trachea Montagu, 1811 ; Syngamus trachealis
v. Siebold, 1836 ; Strongylus trachealis Nathusius, 1837 ; Strongy-
lus pictus Creplin, 1849 ; Strongylus meleagris gallopavonis
Diesing, 1851 ; Sclerostoma syngamus Diesing, 1851 ; Sclerostoma
tracheale Diesing, 1851 ; Syngamus primitivus Molin, 1860 ;
Strongylus primitivus Hutyra and Marek, 1010,

Hosts :—This species has been recorded from the fowl,
turkey, goose, pheasant and a considerable number of other
birds belonging to various orders. It is particularly prevalent
in young birds, and frequently produces in them the condition
known as “ gapes,” which may result in their death from
suffocation. The adult worms occur in the trachea and
bronchi of their hosts, immature worms in the lungs and air-
sacs, The parasite is widely distributed throughout the world,
but the only record from the Indian region appears to be from
the fowl at Colombo, Ceylon (v. Linstow).

The male measures 2-6 mm. in length and 0-2-0-4 mm. in
maximum thickness, the female 5-40 mm. and 0-35-1-4 mm.
respectively. The mouth is surrounded by an inflated cuti-
cular ring whose outer margin is incised to form six festoons.
The buccal capsule is hemispherical and has from six to ten



A

-

. - i
4.—Syngamus trachea. Outlines of two pairs

of worms.
right, n the left, femalo g
" At




-

N\

*

314 STRONGYLIDE,

teeth at its base. Chapin describes the typical arrangement
of the teeth as follows :—A large median dorsal tooth which
may or may not show two cusps; on either side of this a
very small subdorsal tooth ; a pair of large, unicuspid, lateral
teeth and a pair of similar subventral teeth ; and a ventral
tooth which is the smallest of all. This last is occasionally
divided to form a pair of teeth. The wsophagus occupies
about 1/10 of the total length in the male, 1/25 to 1/I8 in the
female.

The branches of the dorsal ray of the bursa are typically
tridigitate, but their mode of branching is variable and they
are sometimes asymmetrical. The spicules are delicate and
meagure 0-057-0-082 mm. in length.

The tail of the female is conical and ends in a pointed process.

W @Fhe vulva varies in relative position according to the age

and maturity of the worm. In immature specimens it is
situated at about the anterior quarter of the body; in gravid
vindividuals at about the anterior sixth, owing to the dispro-
portionate growth of the posterior region. The coils of the
sterine and ovarian tubes, in the gravid female, lie almost

.“_exitirely behind the vulva, and extend almost to the posterior

end of the body. The eggs are ellipsoidal and are provided
with an operculum at each end of the shell. They measure
0-078-0-10:043-0-05 mm. Their contents are segmenting
at the time of oviposition. The second larval stage may be
reached before hatching oceurs.

The life-history of S. trachea is briefly as follows. The
eggs, laid by the female while still in copula, pass out under the
margin of the bursa of the male, and enter the lumen of the
trachea of the host. Thence they are coughed up into the
mouth and swallowed, and eventually reach the exterior with
the droppings. In the open they hatch within a fortnight
or longer, according to climatic conditions. The first moult
may take place before hatching, and the second-stage larva
appears to be infective. When such larve are swallowed by
2 suitable host, they migrate to the lungs, where they develop

« to the fourth stage, at which pairing takes place. They then

migrate to the larger air-passages, and within ten to fourteen
days after reaching the trachea they attain maturity.

Although the worm can complete its life-history without the
aid of an intermediate host, certain earthworms, snails and
slugs have been found to act as reservoirs for the larve, and
birds can acquire infection by swallowing these animals.



SYNGAMUS. 315

2. Syngamus laryngeus Railliet, 1899.

Synonyms.:——Syn,qmnua laryncheus Smit, 1922 ; Syngamus laryn-
cheus minor Smit, 1922 ; Syngamus major Smit, 1922.

Hosts :—This species was originally recorded from the
larynx of the ox in Annam. In India it has been recorded
from cattle (Bos indicus) and buffalo (Bos bubalus) in the
Kumaon and Garhwal hills and at Bareilly by Sheather and
Shilston, and by these authors and by Ware from the same
hosts at Muktesar. It also occurs in South America, the
Philippines and other parts of the world. It has been recorded
once, somewhat doubtfully, from man in Brazil.

The male measures 2:6-5 mm. in length and 0-34-0-45 mm.
in maximum thickness, the female 7-20 mm. and 0-45-
0-675 mm. respectively. The cuticular striations are at
intervals of about 5x. The buccal capsule has a diameter
of 0-27-0-47 mm. At its base there are eight teeth of approxi-
mately equal size, from each of which a longitudinal rib-like

thickening runs forward on the inside of the capsule. Only

six of these ribs reach the anterior margin, and these correspond
in position with the six cephalic papille. The two shorter
ribs are in the dorsal and ventral lines. The csophagus
measures about 0-66-1-3 mm. in length. The nerve-ring is
situated a little in front of its middle, and the cervical papille
at 0-6-0-85 mm. from the anterior extremity.

The dorsal rays of the bursa are paired, stumpy and
apparently undivided. The spicules are very small and difficult:
to observe. They measure 0:024-0-03 mm. in length.

The tail of the female is about 0-15-0-25 mm. long, and
tapers to a blunt point. The vulva is situated at about the
anterior quarter of the body. The coils of the uterine and
ovarian tubes extend back only a little beyond the middle
of the body, and forward to almost the same distance in front
of the vulva. The eggs measure about 0-078-0-085 0-044—
0:047 mm,

3. Syngamus indicus Monnig, 1932.

Host :—Indian elephant. Originally recorded from the
pharynx of & recently-imported circus elephant in South
Africa, this parasite has also been recorded by Bhalerao
(1935, @) from the larynx and an “ cedematous swelling under
the neck "' of an elephant in the Andaman Islands.

Monnig (1932) had only a single pair of specimens at his
disposal. Bhalerao had a uonsidm'z_lb!le number of specimens,
but these were smaller than Monnig’s, and, as the majority
of them were not in copula, it seems probable that they were
not all mature. The differences between the two authors
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accounts are mainly in measurements, and do not seem
sufficient to suggest that they were dealing with different
species. Their more important points are therefore combined
in the following description.

The male measures, according to Bhalerao, 3-75-6-5 mm. in
length and 0-31-0-44 mm. in maximum thickness, or, according
to Monnig, 8-5 mm. and 0-59 mm. respectively. The female,
according to Bhalerao, is 8:6-18-5 mm. longand 0-335-0-64 mm.
thick, while Monnig gives these measurements as 30 mm. and
0-91 mm. There is no distinct mouth-collar. The cuticular
striations are indistinet, and are at intervals varying between
Sp and 45, The buccal capsule is subglobular and thick-
walled. It measures 0-235-0-4 mm. in length and 0-23-
044 mm. in outside diameter. Its walls bear internally
six longitudinal ridges, each of which corresponds with one of
the cephalic papillee. At the base of the capsule there are
eight teeth, 0:083-0-14 mm. in height. Six of these correspond
in position with the longitudinal ridges, while two are dorsal
and ventral respectively. The cesophagus measures about
0-9-1-9 mm. in length and 0-18-0-44 mm. in maximum thick-
ness. The cervical papille, which are short and stout, are
situated at about 0-68-1-83 mm. from the anterior extremity,
the nerve-ring at 0-66-1-28 mm., and the excretory pore at
0-58-1-61 mm.

The ventral rays of the bursa of the male are stout and
closely apposed, and end in narrow points. The antero-
lateral and medio-lateral rays arise from a common stem and
are close together, sometimes ending bluntly, sometimes in
narrow points. The postero-lateral rays originate separately
from the other lateral rays, and diverge from them. Their
bases are sometimes narrowed. The externo-dorsal rays and
the two separate dorsal rays all arise independently. The
former are sometimes more slender than the other rays, but
sometimes stouter than the dorsal rays. The latter end
rather abruptly and have a number of small, irregular terminal
digitations. The spicules, according to Bhalerao, are 0-06-
0-075 mm. long. They were not seen by Monnig.

The tail of the female tapers rapidly and ends in a point
which 18 curved ventrally. It varies in length between aboufi
0:-17 mm. and 0-34 mm. The vulva is situated at 4-4-9 mm.
from the anterior end of the body. The eggs measure (-088-
0:105< 0-046-0-056 mm. Their shells are thickened at the
poles, and according to Bhalerao their contents do not proceed
beyond the first cleavage in utero.
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13. Family ANCYLOSTOMIDAS (Looss, 1905)
Lane, 1917.

Buccal capsule relatively well developed, more or less funnel-
shaped (probably representing, in most genera, a buccal
capsule and msophageal funnel combined), and bearing
ventral teeth or cutting-plates on its anterior margin. Acces-
sory branches of dorsal ray of bursa much reduced.

Subfamily ANCYLOSTOMINZAE (Looss, 1905)
Stephens, 1916.

Anterior margin of buccal capsule armed ventrally with
from one to four pairs of teeth.

Key to Genera.

Buccal capsule and wsophageal funnel dis-

tinct, the former shallow, the latter deep

and containing one or two pairs of lancets. AGRIOSTOMUM, p. 324.
Buccal capsule and @sophageal funnel not

(i E T T T ST 51 O o R SO A STy e 1.
1. Buccal capsule small and incompletely
T oo E o G O I OO S GALONCUS, p. 323. @
Buccal capsule large and completely
ChIEINIZAA (o4 ol oiaialdia sevins +i6 biera’aalasia’s ANCYLOSTOMA, p. 317.

1. Genus ANCYLOSTOMA # (Dubini, 1843) Creplin, 1845.
Synonym :—Diploodon Molin. 1861.

Anterior end bent dorsally. Mouth-opening guarded by
one to three pairs of ventral teeth. Buccal capsule deep,
infundibular, provided internally with a pair of triangular
dorsal teeth. Dorsal gutter traverses the dorsal wall of the
capsule and opens into a deep notech on its anterior margin.
Bursa with a small dorsal lobe. Externo-dorsal rays arise
high up on the median stem of the dorsal ray. The latter
is cleft for about one-third of its length. The terminations
of its main branches appear tridigitate, i. . there are two
very short accessory branches close to the tip of each. Spicules

not barbed. An accessory piece present. Vulva behind the

* This spelling of the generic name having been adopted by the
International Commission on Zoological Nomenclature, it is not thought
necessary to give the numerous variants of it in the synonymy. Many
of them will be found in the gynonymies of the individual species.
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middle of the body. Uterine branches opposed. Adult
worms parasitic in the intestine of mammals.
Genotype :—Aneylostoma duodenale (Dubini, 1843).

Key to Species.
Ventral teeth of buccal capsule not described ;
spicules of male about (0:06 mm. long...... minimuin, p. 321.
Ventral teath of buccal capsule three pairs .. 1.
Ventral teeth 8f buccal capsule two pairs ... 2.
I. Innermost pair of ventral teeth almost as large
as the others ; spicules of male about 2 mm.

o O e e R S OB T i caninum, p. 320,
lnnt_armost pair of ventral teeth rudimentary ;
spicules of male about 0:9 mm. long . ..... duodenale, p. 318.
2. Inner pair of ventral teoth well developed ;
_spicules of male about 3 mm. long ....... . malayanum, p. 322,
Inner pair of ventral teeth rudunentary ;
gpieules of malo about 0:8 mm. long ...... braziliense, p. 321,

I. Ancylostoma duodenale (Dubini, 1843) Creplin, 1845.
(Fig. 146, A))
Synonyms :—dgehylostoma  duodenals Dubini, 1843; Anchylo-
stomum  duodenale Diesing, 1851 ; Ancylostomum duodenale
v. Siebold, 1852; Agehylostomum duodenale Diesing, 1861 ;
Dochmius anchylostomum Molin, 1861 ; Sclerostoma duodenale
Cobbold, 1864 ; Strongylus duodenalis Schneider, 1866 ; Dochmius
duodenalis Leuckart, 1867 ; Ankylostomum duodenale Bugnion,
1880 ; Uncinaria duodenalis Raillict, 1885 ; Ankylostoma duo-
denale Lutz, 1885 ; Ankylostoma ducdenojejunale Leichtenstern,
o 1886 ; Dochmius duodenalis hiominis Poeppel, 1807 ; Ankylostoma
hominis Leichtenstern, 1898 ; Uncinaria hominis Ashford,
King and Gutierrez, 1904 ; Ancylostoma (Ancylostoma) duodenale
Lane, 1916.

Hosts :—This species is very widely distributed in tropical
and subtropical countries, and is one of the common ** hook-
worms ' of man. It has, however, also been recorded from the
chimpanzee, gorilla, gibbon (Hylobates lar), pig and other
animals. It is common in man throughout the Indian region,
where it has also been recorded from the tiger (Lane, 1917, ¢
(Darjeeling district) ; Baylis and Daubney, 1922, 1923, 5) and
from the fishing cat (Felis viverrina) (Baylis and Daubney,
1922). Thapar (1929) has recorded “A. duodenale’ from
pariah dogs at Lucknow, but the determination of the species
seems questionable,

The measurements in the following description are largely
taken from Lane (1916).

The male measures 8-11 mm. in length and 0:4-0-56 mm.
in maximum thickness, the female 10-13 mm. and 0:48—
(-6 mm. respectively. The cuticular striations are at intervials
of 8-11p. The buccal capsule measures (-185-0-225 mm. in
length. The ventral teeth consist of two large pairs and
a rudimentary inner pair. The esophagus is 1-1-1-3 mm. long.
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The nerve-ring is situated at 0-675-0-72 mm., the excretory
pore at 0-8-0-87 mm., and the cervical papille at 0-8-1 mm.,
from the anterior extremity.

The medio-lateral and postero-lateral rays of the bursa
are fairly widely separated. The spicules measure about
2 mm. in length, the accessory piece 0-1-0-15 mm. ;

The tail of the female is 0-13-0-16 mm. long. The vulva is
sitnated at about the posterior third of the bady. The egus
measure 0-06-0-065>< 0-03-0-04 mm.

Specimens occurring in the tiger have been found both by
Lane and by Baylis and Daubney to be below the average size.
This may possibly be an indication that the tiger is a host
to which the worm is poorly adapted.

The life-history of this and of other species of hookworms
ig briefly as follows. The eggs, when laid, are in the carly
stages of segmentation. In this condition they are passed
out with the host’s feces, and in about two days, if
the temperature and other conditions are suitable, the

5 S R A. duo-
Fig., 146.—Ancylostoma. Dorsal views of the mouth p_f (A) 4. ¢
= denale; (B) A. caninum; (C) A. braziliense, (From
Baylis, after Looss.)

embryos develop and hatch. They now grow rapidly and
moult twice, but after the secund.mouh t.hc cuticle is
retained as a protective sheath. This stage is I‘L‘fl(“h(?(l‘ in
about five days or a week, and the l;s}‘\':e are now mfective.
On coming into contact with the skin o_f a suitable host,
or being taken into the mouth, they actively penetrate the
<kin or the mucous membrane and migrate through the tissues
antil they find their way into lymphatic vessels or vem::i.
They are thus carried by the blood-stream to.the heart an
thence to the lungs. Ascending the brunch:‘;m_d tm_chen‘,
they enter the mm}th and are swallowed. lhe_n' 'ultmu}te
‘hat;itat, the small mtpsbino, may be reached \\'1lhm.sc\‘fn
to ten days after their entry into the body. Here, u:] the
course of a further two to four weeks, the worms undergo
two more moults and become sexually mature.
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2. Ancylostoma caninum (Ercolani, 1859) v. Linstow, 1889.
(Fig. 146, B.)

Synonyms :—Dochmius trigonocephalus (Rud.) of Ercolani, 1859
(part) ; Sclerostoma caninwm Ercolani, 1859 ; Strongylus caninus
¥ircolani. 1859 ; Dochmius balsami Parona and Grassi, 1877 ;
Uncinaria trigonocephala Railliet, 1885; Ankylostomum tubsme-
Jorme v. Linstow, 1885 ; Ankylostoma trigonocephalum Blanchard.
1888. nec Looss, 1898 ; Ankylostomum trigonocephalum v. Lin-
stow, 1889 ; Ankylostomum caninum v. Linstow, 1889 ; Anky-
lostoma caninum Ward, 1895 ; Anchylostomum trigonocephalum
Looss, 1897; Uncinaria tubmformis Galli-Valerio, 1898; Un-
cinaria canina Railliet, 1900: Agchylostoma caninwum Stiles,
1903 ; Anchylostoma caninum Loeb and Smith, 1904 : Ancylo-
stoma_ trigonocephalum Braun and Lithe, 1909 ; Ancylostomum
caninum Gomez de Farin, 1910; Ancylostoma (Ancylostoma)
caninum Lane. 1916; 7 Strongylus tubaformis Zeder, 1800 :
¥ Strongylus trigonocephalus Rudolphi, 1808 (part) *.

Hosts :—This is a common and widely-distributed parasite
of the dog. From this host it has been recorded in the Punjab
by several authors, and in Ceylon by v. Linstow. It may also
oceur in a number of other carnivores. Baylis and Daubney
(1922, 1923, b) record it from the following animals, mainly
in the Zoological Gardens, Caleutta :—Wild dog (Cyon dukhunen-
s818), Indian wolf (Canis pallipes), Indian jackal (Canis aureus),
Indian fox (Vulpes bengalensis), Indian desert fox (Vulpes
leucopus), sloth-bear (Melursus ursinus), tiger (Felis tigris),
leopard (Felis pardus). fishing cat (Felis wiverrina) and
domestic cat. A. caninum has been recorded as a human
parasite in the Philippines, but its occurrence in man appears
to be very rare.

The measurements in the following description are taken
mainly from Lane (1916).

The male measures, on an average, 10 mm. in length and
0-4 mm. in maximum thickness, the female 14 mm. and
0-6 mm. respectively. The cuticular striations are at intervals
of 10u. The buccal capsule measures 0-25 mm. in length,
and there are three pairs of large ventral teeth. The cesophagus
is about 1-1 mm. long. The nerve-ring issituated at0-72 mm.,
the cervical papille at 0-75 mm., and the excretory pore at
0-8 mm., from the anterior end.

The medio-lateral and postero-lateral rays of the bursa
are rather widely separated. The spicules are about 0-9 mm.
long, the accessory piece 0-16 mm.

The tail of the female is about 0-2 mm. long. The vulva is
situated at about the posterior third of the body. The eggs
measure about 0:06-0-064 > 0-03-0-04 mm.

* Rudolphi’s species seems to have included A. caninum and Buno-
stomum trigonocephalum, and this has resulted in much confusion,
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3. Ancyiostoma minimum (v. Linstow, 1906) Lane, 1916.

Synonyms :—Ankylostomum minimum v. Linstow, 1906 ; Uncinaria
minima Railliet and Henry, 1909,

Host :—Rusty-spotted cat (Felis rubiginosa) (stomach) ;
Kandy, Ceylon. ;

Of this species nothing appears to be known beyond the
brief account of it given by v. Linstow. and it is doubtful
whether it can be recognized. The type-specimens do not
appear to be available in the Colombo Museum.

According to v. Linstow the male measures 2-38 mm.
in length and 0-24 mm. in thickness. the female 4-46 mm.
and 0-2 mm. respectively. The buccal capsule is dorsally
inclined, and has four ventral longitudinal *ribs” and
" a tooth at the bottom.” The cesophagus occupies 1/5:8-
1/4 of the total length. The spicules of the male are brown
and very short (0-062 mm. long). The tail of the female
measures 1/34 of the total length. The vulva is posteriorly
situated, dividing the body in the proportion of 31 :12.
The genital organs are almost confined to the posterior half
of the body. The eggs measure 0-088 X 0-053 mm.

4. Ancylostoma braziliense (Gomez de Faria, 1910). (Fig.
146, C.)

Synonyms :—Ancylostomum braziliense Gomez de Faria, 1910; e
Ankylostoma braziliense Gedoelst, 1911 ; Uncinaria braziliensis
Railliet, 1911 ; Agchylostoma ceylanicum Looss, 1011 ; Ankylo-
stoma ceylanicum Lane, 1913 ; Agchylostoma braziliense Gomez de
Faria, 1914 ; Ancylostoma ceylanicum Leiper, 1915 ; Anoylostoma
(Ceylancylostoma) ceylanicum Lane, 1916.

Hosts :—This species, which is widely distributed in tropical
and subtropical countries, is a common parasite of dogs and
cats, and also occurs not infrequently in man. In India it was
recognized in man for the first time by Lane, in 1913, in prisoners
who had been transferred from the Mymensingh Jail to
Berhampore. It was previously recorded by Looss from the
small Indian civet (Viverricula malaccensis) from Colombo,
Ceylon. Baylis and Daubney (1922) record it from the follow-
ing animals, mainly in the Zoological Gardens, Calcutta :—
Civet (probably Viverricula malaccensis), tiger (Felis tigris),
lion (F. leo), leopard (F. pardus), fishing cat (F. viverrina),
leopard cat (F. bengalensis), domestic cat, wild dog (Cyon
dukhunensis), Indian wolf (Canis pallipes), sloth-bear (Melursus
ursinus) and red cat-bear (Blurus fulgens).

The measurements in the following description are taken
mainly from Lane (1916).

NEM, Y
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The male measures about 7-7-8-5 mm. in length and 0-35 mm.
in maximum thickness, the female 9-10-5 mm. and 0:375 mm.
respectively. The cuticular striations are at intervals of
7-5u. The buccal capsule measures 0-175 mm. in length,
and the ventral teeth consist of one large pair and a rudi-
mentary inner pair. The wesophagus is about 0-75 mm. long.
The nerve-ring is situated at 046 mm., and the cervical
papille and excretory pore at 0:6 mm., from the anterior
extremity.

The medio-lateral and postero-lateral rays of the bursa
are close together. The spicules are about 0-8 mm. Jong, the
accessory piece 0-075 mm.

The tail of the female measures 0-16 mm. in length. The
vulva is situated at about 3-5 mm. from the posterior end.
The eggs measure 005 0-03 mm.

5. Ancylostoma malayanum (Alessandrini, 1905). (Fig. 147.)

Synonyms :—Uncinaria malayana Alessandrini, 1905; Ankylo-
stoma malayanum Railliet and Henry, 1909; Agchylostoma
malayanum Looss, 1911 ; Anecylostoma malayanicum Stephens,
1916 ; Ancylostoma (Ceylancylostoma) malayanum Lane, 1916,

Hosts :—This species appears to be confined to bears, and
does not seem to have been found outside the Indo-Malay
region. It was originally recorded from the Malay bear
(Ursus |Helarctos] malayanus). In India it has been recorded

ai1mm,

Nigz. — Aneylostoma malayanunt.  Anterior end ; dorsal view.
R (After Lane.)
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by Lane (1916) from a wild Himalayan bear (Ursus torquatus),
and also by Baylis and Daubney (1922) from Ursus malayanus
and from a “ bear ” which was probably the sloth-bear (Melur-
sus ursinus). These last two records refer to material probably
collected in the Zoological Gardens, Calcutta,

The measurements in the following description are taken
mainly from Lane (1916).

The male measures 11:5-15 mm. in length, the female
15-19 mm. In both sexes the maximum thickness is about
0-6 mm. The cuticular siriations are at intervals of 6:25u.
The buccal capsule measures 0-185 mm. in length. There
are two pairs of ventral teeth, the innmer pair being well
developed, though considerably smaller than the outer.
The wsophagus is about 1-7 mm. long. The nerve-ring,
cervical papille and excretory pore are all situated at about
0:72 mm. from the anterior extremity.

The medio-lateral and postero-lateral rays of the bursa are
close together. The spicules are 3 mm. long, the accessory
piece 01 mm.

The tail of the female measures 0-125 mm. in length. The
vulva is situated at about 7 mm. from the posterior end.
The eggs measure 0:0550:03 mm.

2, Genus GALONCUS Railliet, 1918.

Anterior end bent dorsally. Mouth-opening guarded by
two or three pairs of ventral teeth. Buccal capsule relatively
small, cup-shaped and imperfectly chitinized, with one or
two pairs of teeth towards its base. Bursa with a small
dorsal lobe. Externo-dorsal rays arise from the main stem
of the dorsal ray. The cleft portion of the dorsal ray is very
short in comparison with its total length. Its terminations
are tridigitate, i. e. there are two accessory branches on each
branch. Spicules long and filiform, apparently united at
their tips. An accessory piece present. Vulva towards the

osterior quarter of the body. Uterine branches opposed.
Adult worms in submucous cysts in the intestine of _I‘Chd{{'.

Genotype —Galoncus perniciosus (v. Linstow, 1885).

1. Galoneus perniciosus (v. Linstow, 1885) Railliet, 1918.

Synonyms —Strongylus tubaformis of v. Linstow, 1879; A nl',_ulo.
srom'um pernicioswm v, Linstow, 1885 Uneinaria perniciosa
Cohn, 1899 ; Ancylostoma perniciosum Ihle, 1919.

Hosts :—This species has been recorded on several occasions
from tigers and leopards, chiefly in menageries in Europe.
Baylis and Daubney (1922) record a single specimen collected

from the intestine of a leopard (Felis pardus) in the Zoological
Y2
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Gardens, Calcutta. The worm occurs *in fibrous nodules or
tumours of the wall of the intestine, and its presence fre-
quently leads to the death of the host from septicemia.

The male measures about 8-14 mm. in length and 0-36 mm.
in maximum thickness, the female 11-6-17-4 mm. and 0-4 mm.
respectively. The cuticular striationsare at varying intervals—
according to Railliet, 45, anteriorly, 21 x in the middle of
the body and 13p at the level of the vulva. The anterior
end of the body is retractile. The buccal capsule measures
about 0:07-0-08 mm. in length, and its diameter, according
to Railliet, is 0-08 mm. in front and 0-04 mm. behind. The
"?Sol’hﬂglls is about 0-8-1 mm. long. The nerve-ring is
situated at 0-47 mm., and the cervical papille at0-73 mm., from
the anterior end.

The spicules measure 1-7-2 mm. in length, the accessory
piece, according to Ihle, 0-045 mm.

* The tail of the female narrows rather suddenly a little
behind the anus, and ends in a small spike. It measures
0-15-0:225 mm. in length. The vulva is situated af 2-8-
36 mm. from the posterior end. The eggs measure 0-063—
0-0723<0:038-0:042 mm.

3. Genus AGRIOSTOMUM Railliet, 1902.

Mouth-opening circular, guarded by four pairs of teeth
which, with the exception of the subventral pair, are doubk_‘/.
Dorsal gutter ends in a freely-projecting process which is
grooved and sometimes appears bifid. Buccal capsule shallow.
(Esophageal funnel very large, containing one or two pairs
of subventral lancets. A ventral cervical groove may be
present. Antero-lateral ray of bursa thicker than, and some-
what divergent from, the other lateral rays. Externo-dorsal
rays spring from the median dorsal stem about half-way
between its root and its bifurcation. Dorsal ray cleft for
about one-third of its length ; its terminations bidigitate.
Spicules equal, alate. An accessory piece [or telamon]
present. Vulva close to anus. Adult worms in the intestine
of ruminants,

Genotype :—Agriostomum vryburgi Railliet, 1902.

1. Agriostomum vryburgi Railliet, 1902, (Fig. 148).

Host :—Zebu (Bos indicus) (duodenum). The spct-ies.wa_.s
originally recorded by Railliet from Sumatra. In India it
has been recorded by Lane (1923) from Darjeeling, and by
Ware (1925) from the Nilgiri Hills, South India. A

The male measures 9-2—-11 mm. in length and 0-20-0:35 mm.
in maximum thickness, the female 13-15:5 mm. and 0-39-
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0-45 mm. respectively. The cuticular striations are very
fme and inconspicuous, the interval between them being
about 2:5u according to Ware. A ventral cervical groove is
present in this species (though not in all members of the
genus), in which the excretory pore is situated, at about
0-42-0-45 mm. from the anterior end. The buccal capsule
is very shallow, its depth being only about 0-05 mm. on the
ventral side and less than half as much on the dorsal side,
according to Ware. Its diameter, according to Lane, is
0-13 mm. The four pairs of teeth surrounding its opening .
are of nearly equal size. According to Monnig (1932, a), each
tooth has a small internal tubercle at its base. The msophageal

Fig. 148.—Agriostomum vryburgi. Anterior end. A, lateral view;
B, dorsal view. (After Mdnnig.)

fumnel is about 0-25 mm. long. According to Monnig it con-
tains two pairs of very small subventral lancets, one in front
of its middle and one towards its narrow posterior end. These
had not been seen by previous observers. The cesophagus 15
about 1-1-1 mm. long. The cervical papille and nerve-ring
are situated at about 0-47-0-55 mm. from the anterior
extremity.

The spicules measure (-83-0-87 mun. in length, and have
wide, transversely-striated alm. The accessory piece I8
0-09 mm. long, according to Lane. Ware describes it as
“ olavicular in a lateral view, but heart-shaped in a frontal
view.”
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The tail of the female is 0:15-0-26 mm. long, and tapers
rapidly to a fine point. The vulva is situated at 0-47-0-6 mm.
from the posterior end. The eggs measure 0-125-0-195
0-:06-0-092 mm. Their contents are segmenting at the time
of laying.

Subfamily NECATORINA Lane, 1917.

Anterior margin of buccal capsule without teeth, but usually
bearing ventral cutting-plates.

Key to Genera,

Buccal capsule without marginal ventral [p. 328.
cutting-plates .. .......... oAl b T ard i el GLOBOCEPHALUS,
Buceal capsule with marginal ventral cutting.-
PIRtas e s e e s e 1. [p. 341.
1. An intestinal coocum present ........... <« GRAMMOCEPHALUS,
Intestinal cecum absent ... .., S oraver vete a2 o 2:
2. Buceal capsule fissured dorsally and laterally, [p. 343.

and with transverse ** shelves ™ internally.. BATHMOSTOMUM,
Buccal capsule entire, without transverse
** shelves,” but with lancets or teeth near its

T N A AR A ANy O P T e P 3. [p. 331,
3. Dorsal lobe of bursa of male asymmetrical... BuNOSTOMUM,
Dorsal lobe of bursa symmetrical .......... 4.
4. Two pairs of lancets or teeth present in buccal
S L R B S T 0 e o S 3.
One pair of lancets present . ... ..., ... 6.
5. Subventral lancets and subdorsal teeth gimple. NECATOR, p. 326.
Subventral lancets and subdorsal teeth bi- [p. 339,
cuspid or tricuspid ... o0ccerieiiina.., TETRAGOMPHIUS,

6. Dorsal cone projects freely into lumen of
buccal eapsule ; dorsal lobe of bursa of male
larger thon lateral lobes .. ..., GAlgeRIa, p. 335,
Dorsal cone does not project into lumen of
buceal capsule ; dorsal lobe of bursa smaller
than lateral lobes . .. ........ A S S I UNorvaria, p. 336.

1. Genus NECATOR Stiles, 1903.

Anterior end bent dorsally. Mouth-opening guarded by
a pair of cutting-plates. Buccal capsule large, subglobular.
At its base a pair of subventral lancets, a pair of subdorsal
teeth and a prominent dorsal cone projecting into the lumen
and carrying the dorsal gutter. Bursa with two large lateral
lobes and a small dorsal lobe. Externo-dorsal rays relatively
long and slender, arising high up on the stem of the dorsal
ray, which is cleft for almost the whole of its length. Its
terminations are bidigitate, i.e. there is a single pair of
accessory branches. Spicules slender, barbed, Vulva slightly
in front of the middle of the body. Uterine branches opposed.
Adult worms in the intestine of mammals, chiefly Primates.

Genotype :—Necator americanus (Stiles, 1902).
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1. Necator americanus (Stiles, 1902) Stiles, 1903. (Fig. 149.)

Synony'ms —Uncinaria americana Stiles, 1902; Ankylostomum
americanun v. Linstow, 1903 ; Uncinaria (Necator) americana
Stiles, 1903 ; Anchylostomum americanum Loeb and Smith,
1904 ; Necator africanus Harris, 1910 ; ? Necator suillus Ackert
and Payne, 1922,

Hosts :—This species occurs in almost all tropical and sub-
tropical parts of the world, its principal host being man."
It is the common hookworm of the New World, but is also
very common in Oriental countries, and is thought to have
been introduced into America from Africa. In addition to
man, it has been recorded from the gorilla and other Primates,
and also from the pig, rhinoceros and pangolin, and (rarely)
from the dog. According to some observers—e.g. Maplestone
(1929, b), Kendrick (1929)—it is commonerin manin India than
is Ancylostoma duodenale. Specimens were recorded by Baylis

o

A B

Fig. 140.—Necator americanus. A, anterior end. dorsal view ; B, bursa
of male, lateral view. (After Faust.)

and Daubney (1922) from a young African rhinoceros (Rhino-
ceros bicornis) which had lived only a short time in the Zoological
Gardens, Calcutta, and had been imported from Tanganyika
Territory. lLater the same authors (1923, b) recorded a single
female specimen from a wild Indian rhinoceros (Rhinoceros
unicornis [R. indicus]).

The male measures about 5:2-10 mm. in length and 0-18—
(-3 mm. in maximum thickness, the female 7-13-5 mm. and
0-38-0-45 mm. respectively. The buccal capsule measures
about 0-08-0-14 mm. in length and 0:07-0-12 mm. in width.
The cesophagus is about (-5-0-8 mm. long. The cervical
papille are gitated at about 0-37 mm., the nerve.ring at 0-4 mm.,
and the excretory pore at 0-5 mm., from the anterior extremity.

The spicules of the male are about 0-92 mm. long.
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The tail of the female measures about 0-17 mm. in length.
The vulva is situated in front of the middle of the body, at
about 4-3 mm. from the anterior end in a specimen of average
size. The eggs measure 0-053-0-076 % 0-028-0-044 mm.

2. Genus GLOBOCEPHALUS Molin, 1861.

Synonyms :—Cystocephalus Railliet, 1895, nec Lager, 1802 :
Characostomum Railliet, 1902 ; Crassisoma Alessandrini, 1909 ;
Raillictostrongylus Lane, 1923.

Relatively stout forms without cutting-plates at the anterior
margin of the buccal capsule. Buccal capsule deep, infundi-
bular or subglobular, supported anteriorly by an external
chitinoid ring. Mouth-opening tilted dorsally. There may -
or may not be a pair of teeth or lancets at the base of the
buccal capsule. Dorsal gutter extends almost to the month-
opening. Dorsal ray of bursa cleft for only a short portion
of its length ; its terminations tridigitate. Spicules slender,
curved dorsally at their tips or bent into an S-shape. An
elongate accessory piece present. Vulva in posterior half of
body. Uterine branches opposed. Adult worms in the
alimentary tract of pigs and monkeys.

Genotype :—Globocephalus longemucronatus Molin, 1861 .

Key to Species,

Teeth in buccal capsule bicuspid ......., . . samoensis, p. 330,
Teeth in buccal capsule simple and triangulay
ox-xidge: ke A R N RN T —aror Pl
1. Bue¢cal capsule subglobular: bases of teeth
extend to its extreme posterior end ..., .. trosubidatus, p. 328,
Buceal capsule funnel-shaped ; bases of teeth
do not reach its posteriorend ....... . connorfiliy, p, §29.

1. Globocephalus urosubulatus (Alessandrini, 1909).

Synonyms :—C'rassisoma uro«qbu(alum "\k‘ﬂmn(lrini, 1909 : ? Chara-
costomum amucronatwm Smit and NOIO-S(Jmlim_ 1926 ¥ Globo-
cephalus amucronatus Smit. and Thle, 1928

Host :—This is a parasite of the pig and was originally
recorded from Italy. Maplestone has recorded it from pigs
slaughtered in Calcutta. o1

Cameron (1924, b), after examining Lane’s type-specimens of
Globocephalus connorfilii, considered this species a synonym
of G. urosubulatus, a view which was accepted by the writer
(1929). Maplestone (1930.a). }10\\;0\'er, on the basis of a large
amount of material cnllect_e(.l n (‘gtlcutta, recognizes the two
spevies as distinet. There 1s1n reaht;‘v'.('()nsidora ble uncertainty
as to the identification of Alessandrini’s species, but for the
present Maplestone’s view may be adopted provisionally,
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On the other hand, Maplestone includes 6. amucronatus (Smit
and Noto-Soediro. 1926) Smit and Ihle, 1928, in his synonymy
of G. wrosubulatus, but the evidence for this conclusion Is
not very convineing.

The following description of ** (. urosubulatus ™ is taken from
Maplestone.

The male measures 3:99-4:69 mm. in length and 0-297-
0-376 mm. in maximum thickness, the female 4:74-6-87 mm.
and 0-336-0-475 mm. respectively. The buccal capsule is
subglobular and measures 0:14-0-2 mm. in depth and 0-084—
0-14 mm. in internal diameter. A pair of teeth. triangular
and of variable size. arise ** from the posterior part of the vent;ml
wall of the capsule, the posterior border of the tvomh. running
to the extreme posterior edge of the capsule, where it joins the
cesophagus.”

The spicules of the male are 0-852-0-931 mm. long (Ales-
sandrini gives 0:59 mm.)

The tail of the female measures 0-12-0:196 mm. in length.

2. Globocephalus connorfilii Lane, 1922, (Fig. 150.)

Host :—Pig (small intestine); originally recorded from
Samoa : recorded by Maplestone (1930, @) from pigs slaughtered

Fig. 150. Fig. 151

Fig. 150.—Globocephalus  connarfilii. Anterior end; lateral view.

(After Lane.)
Fig. 151.—Globocephalus  samoensis. Anterior end ;
(After Lane.)

lateral view,

in Calcutta. As has already been explained under 6. urosubu-
latus, Maplestone considers this species valid. The following
description is based mainly on his account of it.

The male measures about 4-5 mm. in length and 0-24-
(-34 mm. in maximum thickness, the fomule_-i-l—(s-.’i mm. ;1'ml
0-3-0-45 mm. respectively. The cuticular striations, according
to Lane, are at intervals of 9u. The buccal capsule is not
subglobular, but somewhat funnel-shaped.* It measures
0-12-0-212 mm. in length and 0-068-0-108 mm. in internal
diameter. The teeth arise somewhat further forward on the
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ventral wall of the capsule than in @. urosubulatus. *“They
are more in the nature of longitudinal ridges with a curved
outline, and the posterior border always fuses with the capsule
wall some distance anterior to its junction with the eesophagus.”
In some specimens these ridges are faint and not surmounted
by a point, and *in extreme cases even these faint ridges are
absent.” The esophagus is 0:625-0-75 mm. long, measured
from the anterior extremity, and is club-shaped. According
to Lane, the cervical papille, nerve-ring and excretory pore
are all situated at 0-375-0-45 mm. from the anterior end.

The spicules of the male measure, according to Maplestone,
0-455-0-594 mm. in length, Lane, in 1922, gave their length
as 0-275 mm., but in 1923 as 0-54 mm. The accessory piece
measures, according to Lane, 0:09 mm. in length and is
“ somewhat canoe-shaped in lateral, kite-shaped with the
point. posterior in dorsal, view.”

The tail of the female is about 0-13-0-21 mm. long, and bears
a pair of papille at 0-04 mm. from the tip. The vulva, accord-
ing to Lane, is situated at 2-2-4 mm. from the posterior end,
and the eggs measure 0-06 < 0-04 mm.

3. Globocephalus samoensis Lane, 1922. (Fig. 151.)

Host :—Pig (small intestine) ; originally recorded from
Samoa, but recorded by Maplestone (1930, a) from pigs
slaughtered in Calcutta. ;

The following description is taken mainly from Lane (1922, 5;
1923). The male measures about 4-2-5-7 mm. in length and
0-3 mm. in maximum thickness, the female about 5:3-6-7 mm.
and 0-35 mm. respectively. The cuticular striations are at
intervals of 9u. The buccal capsule is “ nearly circular,
guarded by most rudimentary ventral semilunes, and bearing
posteriorly a pair of large, stout, bicuspid teeth, t.hickcncd
ventro-anteriorly.” The capsule measures 0-14 mm. in length,
0:12 mm. in transverse and (:11 mm. in dorso-ventral dinn}ete{'.
The cesophagus is about 0-75 mm. long. The nerve-ring is
situated at 0-4 mm., the excretory pore at 0-425-0-44 mm., n}xd
the cervical papille at 0-44-0-45 mm., from the anterior
extremity.

The spicules of the male measure about 0-4 mm. in length
(according to Maplestone, 0-376-0-495 mm.) The accessory
piece, which is diamond-shaped in dorsal view, is 0:0556 mm.
long.

The tail of the female is 0-084-0-124 mm. long, according to
Maplestone (0-095 mm., without the terminal spike, according
to Lane). The caudal papille are situated at 0-015 mm.
from the tip. The vulva is sitnated at about 2 mm. from the
posterior end. The eggs measure 0:065-0-07 < 0-04 mm.
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3. Genus BUNOSTOMUM Railliet, 1902.

Synonyms :—Monaodontus Molin, 1861 (part): Bustomum Lane,
1917,

Anterior end bent dorsally. Mouth guarded by a pair of
ventral cutting-plates. Buccal capsule large, infundibular.
Towards its base a strong dorsal tooth along which runs the
dorsal gutter, and one or two pairs of smaller ventral lancets.
Bursa with an asymmetrical dorsal lobe. The right externo-
dorsal ray arises high up on the main dorsal stem and is long
and slender. The left externo-dorsal ray is much shorter
and arises at about the level of the bifurcation of the dorsal
ray. Terminations of dorsal ray tridigitate. Spicules slender,
not barbed. Vulva a little in front of the middle of the
body. Uterine branches opposed. Adult worms in the small
intestine of ruminants.

Genotype :—Bunostomum trigonocephalum (Rudolphi, 1808).

Key to Species.
Dorsal border of dorsal tooth longer than the

distance from its tip to the mouth-opening : [p. 331
spicules of male about 0:6-0-75 mm, long .... {trigonocephalum,
Dorsal border of dorsal tooth shorter than the :
distance from its tip to the mouth-opening... 1. [p. 33%.
1. Subventral lancets in buccal capsule two pairs. . phlebotornum
Subventral lancets one pair ................. 2.
2. Spicules of male about 45 mm, Jong ......... bovis, p. 334
Spicules of male about 0-6 mm. long ......... cobi, p. 333.

1. Bunostomum trigonocephalum (Rud., 1808) Railliet, 1902
(Figs. 152 & 153.)

Synonyms :—Strongylus trigonocephalus Rudolphi, 1808 (part):
Strongylus cernuus Creplin, 1829: Sclerostoma hypostomuimn
Dujardin, 1843 (part); Dochmius hypostomus Diesing, 1851
(part) : Monodontus wedlii Molin, 1861 ; Dochmius cernuus
Baillet, 1868; Uncinaria cernua Railliet, 1885 ; Ankylostoma
cernuun Blanchard, 1888 ; Monodontus cernuus Rizzo, 1900;
Strongylus (Monodontus) cernuus Raillict, 1900 Uncinaria
(Monodontus) cernua Railliet, 1900 ; Uncinaria (Monodontus)
trigonocephala Railliet, 1900 ; Monodontus trigonocephalus Railliet,
1000 ; Ankylostomum cernuu v. Linstow, 1906 ; Bunostomum
Fashinathi Lane, 1917,

Hosts :—This is a parasite of the small intestine of the
sheep, goat, ox and other ruminants. Lane (1917, a) has
recorded it from the sheep in the Darjeeling district of Bexxgu!.
At the same time he recorded, under the name of B. kashinathi,
a form from the goat in the same locality. Lane believed that
B. kashinathi was a distinet species, on the ground of certain
slight differences in the shape of the buccal capsule and other



N Pir » R e d £°0 ,_'-Nk

{ i 1 - ‘/- ' v "

TE TV Y VI T ek el ."" y ]

TG R SUR MR of . A e i \ ¥ v Ay iy
- VRIS Vel K Rt o
e, 332 ﬁ;ﬁu&,,, qmcxmosromna.. ‘ ’,~" ARG

4 L a2ty 4 y
B ot B AT N ) s :
e AR 32, !

Fig. 153,

k. ed/ eadr
bxig 152.—Bunostomum trigonocephalum, Anteri d; lateral
(From Baylis, after Ransom o)r i
~ F;g 153.—Bunostomum trigonocephalum. Bursa ofmae; dor!al :
e.d.L, left oxterno-dorsal ray ; c.d.r., ht externo-
(From Baylis, after A




BUNOSTOMUM. 333

structures. He admits, however, that the measurements of
the 'forms from the two hosts do not provide convineing
specific differences. Yorke and Maplestone (1926) have
placed B. Lashinathi in the synonymy of B. trigonocephalum,
and the writer follows them, bélievif:g that some of the supposed
dl.st.mctvions between the species are merely the result of indi-
yldnnl variation, and others probably the result of differences
in the condition of the preserved material.

The male measures 11-17 mm. in length and 0-4 mm. or
more in maximum thickness, the female 14-26 mm. and
0-45-0-75 mm. respectively. The cuticular striations are at
intervals of 6-7-5u. The buccal capsule measures 0-17-
0-225 mm, in length, 0-16-0-165 mm. in transverse and 0-15-
0:175 mm. in dorso-ventral diameter. The dorsal tooth is
relat-ivpl_v long, and its dorsal border is longer than the distance
fm]n its tip to the mouth-opening, There is usually one
pair of subventral lancets, but a smaller second pair is
occasionally present. The esophagus is 0-8-1-45 mm. long.
The_ nerve-ring is situated at about 0-6 mm., and the cervical
P“Il)lllm and excretory pore at (-6-0-75 mm., from the anterior
end.

The spicules measure (-6-0-75 mm. in length, and are slightly
twisted and provided with striated ale.

The tail of the female is 0-25-0-4 mm. long, and bears
& pair of papille at about 0-08-0-12 mm. from the tip. The
vulva, which is usually not. prominent, is situated at 55—
8 mm. from the anterior end. The vagina is short (about
0-2 mm.). The combined length of the muscular portions
of the ovejectors is, according to Ransom (1911), at least
045 mm. The eggs measure 0-075-0-085 > 0-038—-0:05 mm.

2. Bunostomum cobi Maplestone, 1931,

Synonym :—? Bunostomum dentatum Moénnig, 1931 *.

Host :—Waterbuck (Cobus ellipsiprymnus) ;  Zoological
Gardens, Caleutta.

This species appears to be very similar to B. trigonocephalum.
The male measures 8:8-11-4 mm. in length and 0-29-0-32 mm.
in maximum thickness, the female 15-16 mm. and 0-45-
0-5 mm. respectively. The buccal capsule is funnel-shaped
in lateral view and measures 0-164-0-176 mm. in length.

* The worma described by Monnig (1931), from the same host in its
native country (South Africa), though slightly larger and differing in
certain details of measurements, were almost certainly of the same
fpecies as Maplestone's, whose description appears to have been published
earlier,
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The dorsal tooth is truncate at the tip, and its dorsal border
is about half as long as the distance from its tip to the mouth-
opening. “ There is a single pair of broad rounded sub-
ventral lancets, which may or may not have sharp points on
their summits.”” The esophagus is ** 0-18-0-2 " [? 1-8-2] mm.
long.

The bursa of the male has a clearly-defined dorsal lobe.
The spicules resemble those of B. trigonocephalum and measure
0:55-0-66 mum. in length. .

The tail of the female is 0-37-0-46 mm. long, and is straight,
with a blunt tip. It bears a pair of papilla at about 0:15 mm.
from the tip. The vulva is slightly prominent and is situated
at 4:2-5:7 mm. from the anterior extremity. The vagina
is short. The eggs measure 0:058-0:06><0:036 mm.

3. Bunostomum bovis Maplestone, 1931.

Host :—Zebu (Bos indicus) (abomasum) ; recorded by Maple-
stone as occurring in small numbers in animals which died
at the Government Experimental Farm at Gauhati, Assam.

Both sexes measure 15-16 mm. in length and about 0-5 mm.
in maximum thickness. The cuticle is coarsely striated.
The buccal capsule is rather elongate. The dorsal border
of the dorsal tooth is shorter than the distance from the tip
of the tooth to the mouth-opening. There is a single pair of
long, pointed subventral lancets. The excretory pore is
situated at about 0-7 mm. from the anterior end.

The spicules are about 4-5 mm. long, and are slender and
tapering, with * fine straight points, which are fused and
surrounded by a membranous sheath.”

The tail of the female is 0-34 mm. long, and is straight, with
a blunt tip. The vulva is an inconspicuous slit situated a little
in front of the middle of the body (at about 8:5 mm. from the
posterior end). The wvagina is short. The eggs measure
0:072-0-076 < 0-044-0-046 mm.

4. Bunostomum phlebotomum (Railliet, 1900) Railliet, 1902.

Synonyms :—Strongylus radiatus Schueider, 1866, nec Rudolphi,
1803, nec Gurlt, 1831: Dochmius radiatus Leuckart, 1868 ;
Uneinaria radiata Railliet, 1885; Monodontus phlebotomus
Railliet, in Rizzo, 1000 ; Strongylatus radiatus Railliet, 1900 ;
Bunostomum radiatum v. Linstow, 1906 ; Bustomum phlebotomum
Lane, 1017,

Hosts —This parasite occurs in the small intestine of th.e
ox, zebu (Bos indicus) and sheep. Railliet has recorded it
from the two former hosts in British India.
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The following description is taken from Ransom (1911). The
male measures 10-12 mm. in length and nearly 0-5 mm. in maxi-
mum thickness, the female 16-19 mm. and a little more than
0-5 mm. respectively. The dorsal tooth in the buccal capsule
is relatively short, and its dorsal border is shorter than the
distance from its tip to the mouth-opening. There are two
pairs of subventral lancets. The cesophagus is 1-25-1-5 mm.
lclmg(i The cervical papilla are situated at about its anterior
third.

The spicules are alate and measure 3:-5—4 mm. in length.

The tail of the female is 0-4-0-5 mm. long. The vulva is
rather prominent and is situated a little in front of the middle
of the body. The vagina is long and sinuous. The combined
length of the muscular portions of the ovejectors is at least
1 mm. The eggs measure 0-075-0-098 % 0-04-0-05 mm.

4. Genus GAIGERIA Railliet and Henry, 1910.

Anterior end bent dorsally. Mouth-opening oval and
guarded by a pair of ventral cutting-plates. Buccal capsule
large and cup-shaped. At its base a freely-projecting cone
carrying the dorsal gutter, and a pair of subventral lancets.
Bursa with a large dorsal lobe and two much smaller Jateral
lobes which are joined ventrally. Antero-lateral rays short,
blunt and widely separated from the other lateral rays.
Externo-dorsal rays originate from the main trunk of the dorsal
ray. Dorsal ray cleft for a considerable portion of its length ;
its branches stout, blunt and ending in three very small
digitations. Spicules with slender, recurved terminations,
without barbs. No accessory piece. Vulva just in front of
the middle of the body. Adult worms in the alimentary
tract of ruminants.

Genotype :—Gaigeria pachyscelis Railliet and Henry, 1910.

1. Gaigeria pachyscelis Railliet and Henry, 1910. (Fig. 154.)

Synonym .—Gaigeria smiti Noto-Soediro, 1928.

Hosts ~—This species was originally obtained from the in-
testine of the sheep, and doubtfully from the ox, in the Punjab
by Gaiger, who states that it is not common. Cameron
(10 4,a), who has redescribed the worm, records it from the
goat in India. s 4

The male measures 11-18 mm. in length and 0-55-0-65 mm.
in maximum thickness, the female 15-24 mm. and 0-7-
0-85 mm. respectively. The cuticular striations are at intervals
of 8-10u. The greatest length of the buccal capsule is about
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(0-3-0-36 mm., and its dorso-ventral diameter about 0-21-
0-33 mm. The esophagus is slender, and measures about
2-3 mm. in length and 0-2 mm. in diameter. The cervical
papille2, merve-ring and excretory pore are situated a little
in front of the middle of the csophagus, at about 0-93 mm.
from the anterior extremity.

The spicules are 1:1-1-328 mm. long. Each has ** a stoutish
stem, and & very fine flexible point about -2 mm. long. The

Fig. 154.—Gaigeria pachyscelis. A, anterior end, lateral view; B,
posterior end of male, ventral view. (After Yorke and
Maplestone.)

main stem consists of a solid rod set with numerous fine
recurved teeth at its outer edge  (Cameron).

The tail of the female is about 0-31-0:41 mm. long. Tt is
narrowed suddenly behind the anus and bhas a blunt tip.
The vagina is short. The ovejectors are joined by narrow,
S-shaped ducts with the wide, opposed uterine branches.
The eggs measure 0-105-0-12x 0-05-0-066 mm.

5. Genus UNCINARIA Frolich, 1789.

Synonyms :=—Dochmius Dujardin, 1845; Doclmoides Cameron,
1924,

Head bent slightly dorsally. Mouth-opening guarded by
a pair of ventral cutting-plates. Buccal capsule large and
funnel-shaped. Near its base a pair of subventral lancets.
Dorsal cone within the wall of the capsule, not projecting
into the lumen, Bursa with a short dorsal lobe and two large,
separate lateral lobes. Antero-lateral rays rather divergent
from the other lateral rays. Externo-dorsal rays originate
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near the base of the dorsal ray. Dorsal ray cleft for about
a quarter of its length ; its terminations usually tridigitate.
Spicules slender, not barbed. An accessory piece present.
Vulva in the posterior half of the body. Adult worms in the
intestine of mammals.

Genotype :—Uncinaria criniformis (Goeze, 1782) *.

Key to Species.

Spicules of male about 0:7 mm. long ......... stenocephala, p. 337.
Spicules of male about 1-2 mm. long ........ longespiculum, p. 338.

1. Unecinaria stenocephala (Raill.,, 1884) Railliet, 1885.
(Fig. 155.)

L)

Synonyms :—~Strongylus criniformis Rudolphi, 1802 ; Strongylus
trigonocephalus of Gurlt, 1831, nec Rudolphi, 1808 ; Dochmius
trigonacephalus Ercolani, 1859 (part); Dochmius stenocephalus
Railliat, 1884 ; Ankylostoma stenocephalum Blanchard, 1888

" Ankylostomum stenocephalum v. Linstow, 1889 ; Ankylostoma
trigonocephalum Looss, 1898, nec Blanchard, 1888 ; Uncinaria
polaris Looss, 1911 ; Dochmoides stenocephala Cameron, 1924
¥ Ascaris criniformis Goeze, 1782,

Hosts :—This is a not uncommon parasite of the intestine of
dogs, wolves and foxes in Europe and North America. It

Fig. 155.—Uncinaria stenocephala. Anterior end. A, lateral view ;
B, dorsal view. (After Baylis, in‘Parasitology.’)

oceurs also in the European badger (Meles meles), and has been
recorded from the pig in Canada. Gaiger records specimens
from the dog in the collection of the Punjab Veterinary College.
* There is great uncertainty as to the identification of this species.
but it seems not improbable that it is in reality identical with U, steno-
cephala (Raill., 1884).
NEM. Z
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The male measures about 5-8:5 mm. in length and 0-18 mm.
in maximum thickness, the female about 7-12 mm. and 0-2 mm.
respectively. The buccal capsule measures up to approxi-
mately 0-15 mm. in length and 0-1 mm. in dorso-ventral
diameter. The subventral lancets are not very prominent.
The wsophagus is about 0-5-0-85 mm. long. The cervical
papillz, nerve-ring and excretory pore are situated a little
m front of the middle of the esophagus.

Each branch of the dorsal ray of the bursa has three terminal
digitations, of which the outermost is the longest. The
spicules measure about 0-64-0-76 mm. in length, and have
simple, sharp points.

The tail of the female is 0:15-0-29 mm. long, and has a small
terminal spike. The vulva is situated at about the posterior
third of the body. The eggs measure about 0-065-0-08x
0:04-0-05 mm.

2. Uncinaria longespiculum Maplestone, 1931.
Synonym :—Uncinaria philippinensis Chitwood, 1932.

Hosts :—This species was recorded by Maplestone from the
small intestine of a civet-cat (Viverricula malaccensis) in the
Zoological Gardens, Calcutta. Chitwood’s species was re-
corded from a Philippine civet (Paradoxurus philippinensis)
in the National Zoological Park, Washington, U.S.A. The
writer has had the opportunity of comparing paratypes of
Chitwood’s species with specimens determined by Maplestone
as U. longespiculum, and has already (Baylis, 1933, b) expressed
the view that the species are identical.

The male measures about 3-3 mm. in length and 0:18-
0-24 mm. in maximum thickness, the female 3-3-4 mm. and
0-:25-0-36 mm. respectively. The buccal capsule measures
about 0-08-0:-1 mm. in length and 0-06-0-09 mm. in width,
“ When viewed laterally the ventral wall of the capsule is
seen to consist of three articulated plates, and articulations
are also visible in the lateral walls of the capsule ” (Maple-
stone). The duct of the dorsal @sophageal gland extends
about half-way along the dorsal wall of the capsule. The
subventral lancets are triangular and rather prominent.
The esophagus is about 0-42-0-5 mm. long. The nerve-ring
is situated at 0-2-0-26 mm., and the excretory pore at
0-3-0-36 mm.. from the anterior extremity. y

The terminations of the branches of the dorsal ray of the
bursa are tridigitate, the outermost digitation being the longest.
The spicules are slender and measure 1-19-1-25 mm. in length.
The accessory piece is about 0:07-0-09 mm. long.

The tail of the female is 0-1-0-25 mm, long, and is blunt
at the tip, but provided with a hair-like terminal filament.
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The vulva is situated a little behind the middle of the body.
At the level of the vulva there is a conspicuous, asymmetrical,
subventral papilla, which may be either on the left or on the
right side. The eggs measure 0-06-0-066 < 0-032-0-038 mm.

6. Genus TETRAGOMPHIUS Baylis and Daubney, 1923.

Mouth guarded by slightly-developed ventral cutting-plates.
Buccal capsule cup-shaped. At its base a pair of subdorsal
and a pair of subventral lancets, the former bicuspid and the
latter usually tricuspid. Dorsal cone represented by a blunt
tubercle carrying the dorsal gutter. Bursa short and stunted.
Dorsal ray stout, giving off the externo-dorsal rays a little in
front of its bifurcation; the terminations of its branches
bidigitate. Spicules very long and filiform, not barbed.
Vulva in posterior half of body.

Genotype :—T'etragomphius procyonis Baylis and Daubney,
1923.

I. Tetragomphius procyonis Baylis and Daubney, 1923.
(Figs. 156-159.)

Host :—A raccoon (Procyon sp.); Zoological Gardens,
Caleutta, The worms appeared to have been inhabiting

L 0.1 mm,

J

Fig. 156.—Tetragomphius procyonis. Anterior end ; dorsal view.
(After Baylis and Daubney.)

galleries in the substance of a fibrous tumour of the pyloric
end of the stomach. -

The male measures 13-15 mm. in length and up to 0-46 mm.
in maximum thickness, the female 16-20 mm. and up to
0-65 mm. respectively. There is a rather long, slender neck.
The head is small and is bent dorsally. It measures about
0-14 mm. in diameter. The cusps of the subdorsal teeth are

z2
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Fig. 167.—Tetragomphius procyonis. Anterior end ; lateral view.
(After Baylis and Daubney.)

Fig. 158.—Tetragomphius procyonis. Bursa of male; dorsal view.
(After Baylis and Daubney.)

Fig. 159.—Tetragomphius procyonis. Genital cone ; ventral view.
(After Baylis and Daubney.)
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stout and conical, and measure 0:011-0-018 mm. in height.
The subventral teeth are more slender structures, measuring
about 0-043 mm. in height, and may appear bicuspid or
tricuspid. The dorsal gutter is carried by a blunt tubercle
in the dorsal wall at the base of the capsule. The cesophagus
15 abouti 0-65 mm. long, and has a maximum thickness of about
0-13 mm. The cervical papille are situated at 0-6-0-7 mm.
from the anterior end, and have the form of stout, backwardly-
projecting spines,

The arrangement of the rays of the bursa is similar to that
in Uncinaria. The genital cone is short and stout. The
spicules measure 7-8 mm. in length, and end in fine points.

The tail of the female is about 0-34 mm. long, and is bluntly
pointed. The vulva is situated at a distance of 3-6—4 mm.
from the posterior extremity. Its opening is a transverse
slit with fairly prominent lips. The vagina is short. The
ovejectors are feebly muscular. They are opposed at their
origin, but the posterior ovejector turns forward after a short
course posteriorly, and both branches of the uterus are
anterior. The eggs measure 0-076-0-082 % 0:045-0-05 mm.,
;md‘ their contents are segmenting when they are ready for
aying.

7. Genus GRAMMOCEPHALUS Railliet and Henry, 1910.

Mouth-opening slightly tilted dorsally and guarded by a pair
of ventral cutting-plates. Buccal capsule wide anteriorly
and narrowed posteriorly, the narrowing being more abrupt
on the dorsal side and accompanied by an infolding of the
dorsal wall. At about the middle of the capsule a pair of
lateral and a pair of subventral lancets, and a dorsal cone
carrying the dorsal gutter. Intestine with a long, anteriorly-
directed dorsal cecum arising close to its union with the
eesophagus.  Externo-dorsal rays of bursa originate from the
main stem of the dorsal ray immediately in front of its
bifurcation. Terminations of dorsal ray bidigitate. Spicules
stout, alate. No accessory piece. Vulva near the middle of
the body. Adult forms parasitic in the bile-ducts of elephants
and rhinoceroses.

Genotype :—Grammocephalus clathratus (Baird, 1868).

1. Grammocephalus varedatus Lane, 1921. (Figs. 160 & 161.)

Synonyms :—Strongylus clathratus Cobbold, 1882 (part); Selero-
stoma clathratun. Piana and Stazzi, 1900, nec Baird, 1868 ;
Grammaocephalus clathratus of Railliet and Henry, 1910.

Host :—Indian elephant (bile-ducts) ; obtained in India
by Ware, and in Burma by Evans and Rennie. Specimens
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in the British Museum (Natural History) from Madras and
Burma.

The following description is taken from Lane. The male
measures about 55 mm. in length and 1-35 mm. in maximum
thickness, the female 47 mm. and 1-1 mm. respectively. The
cuticular striations are at intervale of 14u. The buccal
capsgule is 0-556 mm. long. the eesophagus 3:6 mm. and the
intestinal ecmeum 22 mm, The nerve-ring is situated at

Fig. 160,
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Fig. 160.—Grammocephalus varedagy, ! Los AN
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 mm., the excretory pore at 1.5 mm., and the cervical
papille at 1-7 mm., from the anterjo; ond

The arrangement of the rays of the bursa is very similar
to that..m U ncinaria. A PAIr of prebursal papill® is present.
The spicules “* are strong, with & yacsive central thickening
and an ala on each side, that towards the midline being the
larger a_nd ‘mar}fe(l by a fine etching of delicate, dichotomously
dendritic lines.” They measure 1-35 mm. in length.
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The tail of the female is conical and 0-8 mm. long. The
vulva is situated at 22 mm. from the anus. The vagina is

very short and the ovejectors are opposed. The eggs measure
0-068 > 0-037 mm.

8. Genus BATHMOSTOMUM Railliet and Henry, 1909.

Anterior extremity bent dorsally. Mouth-opening guarded
by a pair of ventral (‘utting-platés. Buccal capsule fissured
on its dorsal and lateral aspects ; its internal surface raised,
chiefly ventrally and laterally, into shelf-like projections
encroaching on the cavity. One of these is produced into
a pair of subventral teeth. A small dorsal tooth surmounts
the dorsal column of the sophagus, Externo-dorsal rays of
bursa originate from the branches of the dorsal ray. The
latter is cleft for almost the whole of its length. Spicules
stout. Accessory piece absent. Vulva near the middle of
the body. Adult worms parasitic in the alimentary tract of
elephants.

Genotype :—Bathmostomum sangeri (Cobbold, 1879).

1. Bathmostomum sangeri (Cobbold, 1879) Railliet and Henry,
1909.
Synonyms :—Dochmius sangeri Cobbold, 1879 ; Uncinaria sangeri

Railliet, 1897 ; Uncinaria os-papillatum Pians, in Piana and
Stazzi, 1900,

Host :—Indian elephant (cscum) ; obtained in India by
Lane, and recorded from Burma by Gaiger.

The male measures about 15-16 mm. in length, the female
16-20 mm. The cuticular striations are at intervals of 5p.
The buccal capsule is wider than it is long. Its length is
about (-24 mm. Its ventral and lateral surfaces internally are
crossed by three transverse * shelves,” the posterior of which
“appears to encircle the whole base of the oral cavity ™
(Lane), and is produced into a pair of subventral teeth. The
cesophagus is about 1-5 mm. long. The nerve-ring is situated
at 0-5 mm., the excretory pore at (-6 mm., and the cervical
papille at 0:66 mm., from the anterior extremity. ’

The spicules are about (-47 jm. long. They are ** thickened,
first dorsally, then ventrally, the latter portion passing on
into the very sharp, truncated point (Lane).

The tail of the female is (-6 mm. long, and has the form
of an elongate cone, with a terminal spike. The vulva is
situated at a distance of about 9 mm. from the anus. The
vagina is short, and the opposed uterine branches have powerful
ovejectors. The eggs measure about 0:045>.0-03 mm.
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14. Family DIAPHANOCEPHALID A
Travassos, 1919.

Head laterally compressed. A rudimentary leaf-crown may
be present or absent. Mouth-opening a dorso-ventral slit,
facing anteriorly or somewhat inclined towards the dorsal
side. Walls of buccal capsule valve-like, each lateral wall
supported by three external longitudinal parenchymatous
bands which terminate as cephalic papille, and by one or two
internal transverse ridges. A dorsal and a ventral cuticular
pad present towards the base of the buccal capsule. Ovi-
parous. Parasitic in the alimentary tract of reptiles.

1. Genus KALICEPHALUS Molin, 1861.
Synonym :—Occipitodontus Ortlepp, 1923,

A rudimentary leaf-crown may be present or absent. Valves
of buccal capsule supported by a single internal transverse
chitinoid ridge, which is V-shaped dorsally and ventrally.
(Esophageal funnel occasionally contains three small teeth,
There is no dorsal hump in front of the bursa of the male.
Bursa well developed, entire. Ventral rays closely apposed,
sometimes fused for a considerable portion of their length.
Lateral rays usually well separated, the antero-dorsal ray
commonly rather shorter than the others. Externo-dorsal
rays originate from the main stem of the dorsal ray, usually
rather near its base. The dorsal ray also gives off a pair of
accessory branches, usually near its bifurcation. [ts terminal
branches rather short and bidigitate. Spicules slender,
generally equal. An accessory piece usually present. Genital
cone usually not projecting beyond the margin of the bursa.
Vulva in posterior half of body. Uterine branches opposed or
parallel.  Adult worms in the alimentary tract of snakes and
lizards. ;

Genotype :—Kalicephalus mucronatus Molin, 1861.

It seems at present almost impossible to construct a satis-
factory key to the Indian species of this genus, owing to the
great amount of variation and overlapping in their measure-
ments, and the great uniformity of their morphological charae-
ters. K. fimbriatus can be recognized by the presence of
a rudimentary leaf-crown within the horder of the mouth,
and of three small teeth at the base of the buccal capsule.
K. minutus is readily separated from other species by the marked
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inequality in length of the spicules of the male, and by the
form of the dorsal ray of the bursa. For the separation of
the other species the sum of all their characters must be taken
into consideration.

1. Kalicephalus willeyi v. Linstow, 1904, (Figs. 162 & 163.)

Synonym :—Diaphanocephalus willeyi Railliet and Henry, 1908,
nec Baylis and Daubney, 1922, nec Daubney, 1923.

Host -—Russell’s viper (Vipera russellii) (cesophagus,
stomach and intestine). This species was originally recorded
by v. Linstow from this host at Colombo and Weligatta,
Ceylon. At the same time he recorded it from Coluber helena
at Horana, Ceylon, and later from Typhlops braminus and
Bungarus fasciatus. Baylis and Daubney (1922) recorded
specimens which are considered to be of this species from
Russell’s viper, under the name of Diaphanocephalus sp.%,
and Maplestone (1931) has also recorded specimens from the
same host, in the Zoological Gardens, Calcutta. The occurrence
of K. willeyi in hosts other than Vipera russellii at present
lacks confirmation, and it is probable, as Ortlepp (1923)
has pointed out, that the specimens recorded by v. Linstow
from other hosts belonged to different species.

v. Linstow’s original description is very inadequate, and
in several respects inaccurate. Through the courtesy of the
Director of the Colombo Museum, the writer has had the
opportunity of examining some of the original specimens from
Vipera russellii. According to v. Linstow there was a single
male, measuring 5-9 mm. in length and 0-33 mm. in thickness,
among a large number of females, which measured up to 19 mm.
in length and 0-51 mm. in thickness. In the material seen
by the writer no male was found, and the largest fema.!c
measured was only 118 mm. long. Other observers (Baylis
and Daubney, 1922 ; Ortlepp, 1923 ; Maplestone, 1931) have
failed to find males, but females have been recorded measuring
up to 18 mm. (Baylis and Daubney) or even 19-7 mm. (Maple-
stone) in length. The writer has recently rgcewed from
Prof. B. K. Das two sets of specimens obtained from Russell’s
vipers at Hyderabad, Deccan. Among numerous females,
one set contained three males which were uppurcxlt‘ly mature,
the other set two immature males measuring only 6-3 mm. and
= mm. in length. This material is considered to be of the

7 | . '
same species as v. Linstow’s and subsequent authors’ speci-

mens.

+ The Diaphanocephalus willeyi of Baylis and Daubney, 19
of Daubney, 1923, is K. fimbriatus.

22, and
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K. willeyi appears to be a form which varies very consider-
ably in size. The following description is based partly on
v. Linstow’s types, partly on the descriptions given by Baylis
and Daubney and by Maplestone, and partly on the material
from Hyderabad. ¥

The mature male measures 8-4-10 mm. in length and
0-2-0-23 mm. in maximum thickness, the female 6:9-19-7 mm.

Fig. 162.

Fig, 162 —Kalicephalus willeyi. Anterior end :
_Muploxtone.)
Fig. 163.—Kalicephalus willeyi. Bursa of male,

lateral view, (After
(After v. Linstow.)

and 0-25-0-59 mm. respectively. The dorso-ventral diameter
of the head at its widest part (. e. a about the level of the
posterior end of the buccal capsule) ig 0-17-0-317 mm. The
mouth is, in some specimens, tilted a little towards the dorsal
side, but seldom to the extent indicated by Maplestone (1931 )
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in his figure—in the majority of specimens it is directed almost
straight forward. The length of the buccal capsule is 0-13-
(-15 mm. in the male., 0-14-0-228 mm. in the female. The
absolute length of the wsophagus is 0-33-0-35 mm. in the
male, (-34-0-515 mm. in the female, and its maximum thick-
ness varies between 0:13 mm. and 0-277 mm. The nerve-
ring is situated at about 0°24-0-35 mm., and the excretory
pore at about 0-34-0-4 mm., from the anterior extremity.

The bursa of the male is typical. v. Linstow’s figure
(fig. 163), though very diagrammatic, gives a fairly good
representation of the form of the dorsal ray. The spicules
are very slender, except near their roots, and measure about
0-32 mm. in length (0-37 mm., according to v. Linstow).
There is a long, slender accessory piece.

The tail of the female is conical and shows great variation
in length (0-33-0-85 mm.) according to the size of the specimen.
The vulva is situated, usually on a prominent papilliform
process, at a distance of 2:3-7-7 mm, from the posterior end,
dividing the total length in the ratio of about 1-5:1 or 2: 1

v. Linstow's figure 18:5 appears to be erroneous). The
eggs in wlero are much larger than is stated by v. Linstow,

measuring on the average about 0-:076 > 0-044 mm.

9. Kalicephalus indicus Ortlepp, 1923.

Synonyms :—Kalicephalus bengalensis Maplestone, 1920: Kali-
“cephalus parvus Maplestone, 1932, mnec Ortlepp, 1923 ; Kali-
cephalus maplestonei Chatterji, 1935.

Hosts —Kalicephalus indicus was originally recorded by
Ortlepp from the stomach and duodenum of the Indian rat-
snake (Ptyas |[Zamenis] mucosus) and Tropidonotus piscator
in the Zoological Gardens, London. Maplestone (1929, a)
described K. bengalensis from the former host in the Zoological
Gardens, Caleutta, but later (1931) recognized it as a SYNonym
of K. indicus, which he recorded from several additional
hosts—the green snake (Dryophis mycterizans), the cobra
(Naja tripudians), the king cobra (Naja hannah [N . bungarusl),
the common Indian monitor (Varanus mon itor [V, bengalensis))
and a * wild cat.” It was assumed that the last was not
4 true host, but had recently devoured a snake that harboured
the worm. In 1932 Maplestone described a further species,
under the preoccupied name of K. parvus, from the intestine
of the cobra. All these records were from the Zoological
(ardens, Calcutta. The writer has compared Muplestb‘ne’s
description of K. parvus with the existing descriptions of
K. !'ﬁd(.CNS and with (‘O-t.\'p(s_\, Of the lﬂtt(‘l‘ S])ecies which are
in the collection of the British Museum (Natural History).
and is of the opinion that the species are identical. Maple-
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stone’s material of K. parvus consisted of three males only,
which seem to have been rather small and were, perhaps,
immature.

The male measures 4-2-6-2 mm. in length (or 3-2-3:6 mm.
in K. parvus) and 0-188-0-32 mm. in maximum thickness,
the female 6-4-92 mm. and 0-32-0-39 mm. respectively.
The mouth is directed straight forward. The dorso-ventral
diameter of the head, at its widest part, is about 0-15-0-17 mm.
in the male. The length of the buccal capsule is about
0-108-0-16 mm. The duct of the dorsal msophageal gland
extends for barely more than half the length of the capsule.
“At its junction with the wmsophagus the buccal capsule is
reinforced by triangular plates and transverse bars of chitin **
(Maplestone). The cesophagus is about 0-24-0-27 mm. long,
and has a maximum thickness of about 0-12-0-19 mm. The
cervical papille are small and situated at nearly 0-3 mm.
from the anterior extremity. The nerve-ring is situated at
0-:07-0-1 mm., and the excretory pore at 0-14-0-29 mm.,
from the anterior end of the asophagus.

The genital cone of the male is about 0-06 mm. long. The
spicules measure 0-32-0-47 mm. in length, and are alate.
The accessory piece is 0-12-0-13 mm. long (0-08 mm. in
K. parvus).

The tail of the female is 0-138-0-198 mm. long, and ends in
a sharp cuticular spike. The body narrows abruptly behind
the vulva, which is usually prominent and is situated at 0-99—
19 mm. from the posterior extremity (i.e. at about the
posterior fifth or quarter of the body). The posterior uterine
branch usually runs posteriorly for a distance of 0-2-0-5 mm.
from the vulva and then turns forward. The eggs measure
0-055-0-08 > 0:027-0:04 mm. )

3. Kalicephalus longior Maplestone, 1931,

Synonyms :—Kalicephalus gongylophis Maplestone, 1031; Kali-
cephalus radicus Bhalerao, 1931.

Hosts —Kalicephalus longior is recorded by Maplestone
from the intestine of the cobra (Naja tripudians) and of the
banded krait (Bungarus fasciatus). In the same paper
Maplestone records K. gongylophis from the intestine of
a sand-snake (Gongylophis conicus). All these records are
from the Zoological Gardens, Calcutta, and in each case female
worms only were found. Bhalerao (1931) records K. radicus
from the intestine and rectum of the king cobra (Naja hannah)
at Muktesar, and describes both sexes of the worm. The
writer has had the opportunity of comparing co-type speci-
mens of K. longior with specimens determined by Dr. Maple-
stone as K. gongylophis, and is of the opinion that these two
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species are identical. Further, the extremely close agreement
in structure and measurements of the female of K. radicus,
as described by Bhalerao, leaves little room for doubt
that this species also is identical with K. longior. The latter
name has priority, Maplestone’s paper having been published
in the month previous to Bhalerao’s. The writer (1933, a)
has recorded, under the name of K. radicus, specimens which
probably belong to the same species from Elaphe flavolineala
in the Federated Malay States.

The male (K. radicus) measures 6:67-7-32 mm. in length
and 0-27-0-285 mm. in maximum thickness. The female
varies in length from about 7-48 to 12 mm., and in thickness
from about 0-33 to 0:5 mm. (Maplestone gives 0-436-
0-495 mm. for K. gongylophis, but the writer found 0-33-
0-35 mm. in the specimens of that form examined). The
mouth may be directed straight forwards or somewhat tilted
dorsally. The dorso-ventral diameter of the head, at the
widest part, is about 0:1 mm. in the male, 0-17-0-237 mm.
in the female. The length of the buccal capsule is 0-11 mm.
in the male, 0-12-0-18 mm. in the female. The cesophagus
is 0-28-0-44 mm. long, and has a maximum diameter of
0-13-0-225 mm. The nerve-ringissituated at0-111-0-118 mm.,
and the excretory pore at 0-23-0-25 mm., from the anterior
end of the wsophagus.

The dorsal ray of the bursa is of the normal type. The
genital cone is well developed and measures 0-117 mm. in
length. The spicules are 0-282-0-295 mm. long, according
to Bhalerao. In the writer’s material from FElaphe they
measured 0-26-0-31 mm. The accessory piece is 0-111-
0-125 mm. long (Bhalerao), and is in the form of “a slender
rod, slightly swollen in the centre.”

The tail of the female is tapering and has a rather blunt
tip. It measures about 0-34-0-49 mm. in length. The vulva
is fairly prominent and is situated at 2-65-4-7 mm. from the
posterior end, dividing the total length in the ratio of about
1-5:1 or 2:1. The vagina is short. Muscular ovejectors
are present. (Maplestone states that these are absent in
K. longior, but the writer found them to be present in a co-

specimen). The eggs, according to Maplestone, measure
0-076-0-08 % 0:04-0-044 mm. Bhalerao gives their dimen-
sions in K. radicus as 0-044—0-08 5 0-034-0-053 mm.

4. Kalicephalus elongatus Maplestone, 1931.

Hosts —Rat-snake (Ptyas [Zamenis] mucosus) and cobra
(Naja tripudians) (intestine) ; Zoological Gardens, Calcutta.

The male measures 7-8-8 mm. in length and about 0-28-
0-3 mm. in maximum thickness, the female 10-9-12-7 mm.
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and about 0-36-0-43 mm. respectively. A cuticular swelling,
more pronounced dorsally and ventrally than laterally,
extends from the level of the middle of the bucecal capsule
to about that of the posterior end of the esophagus. The
greatest dorso-ventral diameter of the head is 0-237 mm. in
the male, 0-277-0-317 mm. in the female. The buccal capsule
has a length of 0-1-0-108 mm. in the male, 0-128-0-14 mm.
in the female. The cesophagus is about 0-29-0-3 mm. long
in the male and 0-34-0-36 mm. in the female, and has a maxi-
mum diameter of 0:12-0-17 mm. The nerve-ring is situated
at 0-088-0-124 mm., and the excretory pore at 0-208-0-24 mm.,
from the anterior end of the cesophagus.

The genital cone of the male is relatively long (0:2 mm.)
There are small, rounded prominences at the bases of the
externo-dorsal rays of the bursa. The spicules measure about
0-42-0-44 mm. in length, the accessory piece 0-14-0-15 mm.

The tail of the female is sharply pointed and about 0-61—
067 mm. long. The vulva is situated on a very prominent
papilla at 2-2:65 mm. from the posterior end (i.e. at about
the posterior fifth of the body). The eggs measure 0-068<
0-044 mm,

5. Kalicephalus brachycephalus Maplestone, 1931.

Host —Rat-snake (Ptyas [Zamenis] mucosus) (intestine) ;
Zoological Gardens, Calentta.

The male measures about 7-2 mm. in length and 0-34 mm.
in maximum thickness, the female 9:2-10-4 mm. and 0-36 mm.
respectively. The head is considerably wider than the neck.
Its greatest dorso-ventral diameter is about 0:38 mm. in the
male and 0-45-0-51 mm. in the female. The buccal capsule
has a length of about 0-3 mm. in the male and 0-4-0-5 mm.
in the female. The msophagus measures, in the male, about
0-51 mm. in length and 0-24 mm. in maximum diameter ;
in the female about 0-61-0-65 mm. and 0-28 mm. respectively.
The nerve-ring is situated at 0-12-0-15 mm., and the excretory
pore at 0-18-0-25 mm., from the anterior end of the csophagus.

The genital cone of the male is a rounded eminence surrounded
by a cuticular inflation, and measures 0-1 mm. in length.
The dorsal ray of the bursa is stout, but has slender bran(rheg.
The ventral rays are separate for nearly the whole of their
length. The spicules are 0-4 mm. long, the accessory piece
016 mm. * The dorsal and ventral walls of the spicule
canal are chitinized, and in addition there is a slightly curved
chitinous structure in the genit:\l cone, which is V-shaped on
ventral view ** (Maplestons).

The tail of the female is conical and about 0-32 mm. long.
The vulva is slightly prominent and situated at about
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3-3-4 mm. from the posterior end, dividing the total length

in the mtio—of about 2:1. The vagina is short. The eggs
measure 0-076<0-06 mm. ]

6. Kallcephalus.minutus (Baylis and Daubney, 1922) Ortlepp.
1923. (Figs. 164-166.) 2

Synonyms r—Diaphanocephalus minutus Baylis and Daubney.
1922 ; Kalicephalus naiz: Maplestone, 1031.

Hosts :—.Cobm (Naja tripudians) and banded krait (Bun-
garus fasciatus) ; Zoological Gardens, Calcutta.

————
———
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Fig. 164.—Kalicephalus minutus, Anterior end of female ;: dorsal view.
b., wall of buccal capsule; d., duct of dorsal cesophageal
gland; p., papilla; s, wall of buccal capsule (optical
section).  (After Baylis and Daubney.)

Maplestone (1931) has drawn attention to the similarity
between his species K. naiz and the provionsly-(lcscribed
K. minwtus, but pointed out certain features in which his
material did not agree with the description of the latter.
The writer has re-examined co-type specimens of K. minutus
in the collection of the British Museum (Natural History),
and compared them with co-types of K. naiz, and finds that
in the points referred to all the material agrees with Maple-
stone’s description. The distinction between the species
therefore disappears, and K. naia falls into synonymy.
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The male measures 4:5-5-4 mm. in length and about 0-2—
0-25 mm. in maximum thickness, the female 4:5-6-2 mm.
and about 0-21-0-3 mm. respectively. The head is relatively
wide, and is followed by a constriction. Its greatest dorso-
ventral diameter is 0-2-0-24 mm. The buccal capsule has
thick walls and measures about 0-16-0-22 mm. in length.
The duct of the dorsal wsophageal gland extends for more

,f_:f‘;-—\‘ o

"‘.?‘*‘\\\

A

o-lmr.

Fig. 165--1\'alicephalu.v minutus. Anterior end of female; lateral
view. d., duct of dorsal msophageal gland; p., papilla;
#, wall of buccal eapsule (optical section).  (After Baylis
and Daubney.)

than half its length. The cesophagus is about 0-45-0-55 mm.
long, and has a maximum diameter of about 0:15-0-2 mm.
The nerve-ring is situated at about 0-09-0-18 mm., and the
excretory pore at ()-38-0-44 mm., from the anterior end of the
esophagus.

The dorsal ray of the bursa is stout at its base. The
externo-dorsal rays originate near its base, and almost imme-
diately behind them a pair of accessory branches which are
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long, stout and curved. The terminal branches of the dorsal
ray are short and bidigitate. The ventral rays are long,
slender, closely apposed and fused for about two-thirds of their
length. The statement of Ba ylis and Daubney that the spicules
are equal appears to have been erroneous. They are distinctly
unequal in length, the longer measuring about 0-4-0-5 mm.,
the shorter about 0-32-0'33c;um. The latter is curved dorsally
near the tip, and the concavity of the curve bears a membranous
ala. There is a prominent genital cone, measuring about
0:1 mm. in length. Contrary to the statement of Baylis and

L J .
o-dmnv.

Fig. 166.—Kalicephalus minutus. Dorsal lobe of bursa of male;
dorsal view. e.d,, externo-dorsal ray. (After Baylis and

Daubney.)

Daubney, the dorsal wall of the spicular canal @chitlmzed-
forming an accessory piece about 0-12 mm. long.

The tail of the female has a rather blunt tip, and measures
about 0-22-0-3 mm. in length. The vulva is fairly prominent,
and is situated at 1-3-1-8 mm. from the posterior end, dlvl(’lmg
the total length in the ratio of about 2:2: 1 or 2:5: 1. The
vagina runs slightly forward and is about 0-14 mm. long.
The ovejectors, which have subglobular sphincters, have
a combined length of about (-3 mm. (not 0-45-0-5 mm., a3
stated by Baylis and Daubney). The eggs measure 0-068-
0-08 % 0-031-0-04 mm, [

NEM. 2A
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7. Kalicephalus fimbriatus (Ortlepp, 1923). (Fig. 167.)

Synonyms :—Kalicephalus willeyi of v. Linstow, 1908, nec 1804 ;
Diaphanocephalus willeyi of Baylis and Daubney, 1922, and
Daubney, 1923 ; Occipitodontus fimbriatus Ortlepp, 1923.

Host -—Banded krait (Bungarus fasciatus) (stomach and
duodenum) ; recorded from the Zoological Gardens, Calcutta,
by Baylis and Daubney and by Maplestone. The specimens
recorded as K. willeyi by v. Linstow (1908) from B. fasciatus
at Dibrugarh, Assam, probably also belonged to this species.

WL [0

Fig. 167.—Kalicephalus fimbriatus. Anterior end of female ; Iateral
view. o.r. corona radiata; d., duct of dorsal asophageal
and ; #., wall of buccal eapsule (optical section). (After

vlis and Daubney.)

The male measures about 9:7-12:2 mm. in length and about
0-35-0-44 mm. in maximum thickness, the female 12:3—
17-3 mm. and 0:-5-0-6 mm. respectively, The head, in ‘lateral
view, ig broad and abruptly truncate. The mouth is directed
straight forward, and is a dorso-ventral slit bordered by an
elliptical cuticular flap. On the inner surface of its edges
there is a rudimentary leaf-crown. The dorso-ventral diameter
of the head, at its widest part, is about 0-43-0-59 mm. The
buccal capsule measures about 0:22-0-3 mm. in length. Its
walls are very stout dorsally and ventrally, and are prolonged
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posteriorly in the dorsal and ventral lines into processes which
project outwards at an angle of about 45” from the main axis
of the body. These processes, according to Daubney, * give
attachment to elliptical muscle fibres which encircle the
esophagus. Contraction of these fibres would appear to
close the mouth opening by lengthening its dorsoventral
axig, thus pulling the edges into apposition, while relaxation
would allow the mouth to open.” Three small, pointed and
forwardly-directed teeth (one dorsal and two subventral) are
present at the base of the buccal capsule, where it passes into
the lining of the cesophagus. The duct of the dorsal cesophageal
gland extends forward for less than half the length of the cap-
sule. The @sophagus measures 0-75-1-1 mm. in length,
and has a maximum thickness of about 0-24-0-3 mm. The
excretory pore and nerve-ring are situated at about 0-22-
0-26 mm. from the anterior end of the wsophagus. The
cervical papille are inconspicuous and are situated a little
behind the middle of the wsophagus.

The genital cone of the male is prominent and measures
0-:07-0:1 mm. in length. The spicules are slender and tapering,
slightly alate, and spirally twisted near their tips. They
measure about 0-43-0-49 mm. in length. The dorsal wall of
the spicular canal is partly chitinized, but there is no distinct
accessory piece.

The tail of the female is acutely conical and measures about
0:37-0-42 mm. in length. The vulva is situated approxi-
mately at the posterior third of the body, dividing the total
length in the ratio of about 1-7:1 to 2:1:1. The anterior
uterine branch extends to within 3-3-5 mm. of the posterior
end of the wsophagus, the posterior branch almost to the level
of the anus. The eggs measure 0-055-0-07 < 0:035-0-045 mmn.

S. Kalllg_e)ghalus ersilize (Stossich, 1896) Yorke and Maplestone,
Synonyms :—Strongylus ersilizz Stossich, 1896;  Sclerostomum

;-);:Ill::" ?:)zﬁich, 1899 ; Diaphanocephalus erxilif! Railliet and

Host :—This species is recorded by Stossich from Python
molurus in the ** East Indijeg.” : '

The male is undescribed. The female is 9 mm. long.
The body is slender, but thickened anteriorly. The vulva is
situated at about the middle of the body, and has two promi-
nent lips. The vagina is very short. The uterine branches
are "Pl’f)“e,dv and ‘,’“C"h has a “:oll-deve]oped ovejector.

Stossich’s description is not sufficient to enable the species
to be identified. K. ersiliz; seems, however, to be the only
species recorded from a python,

242
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9. Kalicephalus sp.

Synonym :—Diaphanocephalus sp. Baylis and Daubney, 1922,

Baylis and Daubney (1922) record from the cobra (Naja
tripudians) a female specimen which it seems impossible
to assign to any of the species described above. This measured
15-5 mm. in length and 0-43 mm. in thickness. The head
was laterally compressed and had a dorso-ventral diameter
of 0-27 mm. and a structure similar to that in K. minutus.
The buccal capsule was 0-19 mm. deep. The cesophagus
measured 0-485 mm. in length and 0-16 mm. in thickness.
The tail was acutely pointed and 0-45 mm. long. The vulva
was situated behind the middle of the body, dividing the total
length in the ratio of 6 : 5, and its lips formed a papilliform
outgrowth measuring 0:141<0:08 mm. The eggs measured
0-065 < 0-045 mm.

15. Family AMIDOSTOMIDA Baylis and
Daubney, 1926.

Buccal capsule relatively shallow and broad, without teeth,
cutting-plates or leaf-crowns at its anterior margin. (Eso-
phagus typically with three axial chitinoid plates internally.
Spicules of male relatively short, bifurcate or- ftrifurcate
distally. Vulva in the posterior half of the body.

Key to Genera.

Head with prominent backwardly-directed

spines or * epaulettes "’ ; buccal cavity re- [p. €0,

duced or absent .. ....ccoacesirrerraan EpoMIDIOSTOMTM,
Head without prominent projections; a

buccal capsule present . o..oecsosoires 1.

1. Buccal capsule with one tooth or three teeth

at its base ; an accessory piece présent in o
MRIGIIE e L v oA VA e AMIDOSTOMUM, p. 356.

Buccal capsule without teeth ; male without [p. 358.
ACCOESOTY PIBCE o .. ouvnnssrreassantnnans PSEUDAMIDOSTOMUM,

1. Genus AMIDOSTOMUM Railliet and Henry, 1909.

Buccal capsule wide, with one or three teeth at its base.
(Esophagus with three axial chitinoid plates extending
throughout its whole length or as far as the posterior
swelling. Bursa with long lateral lobes and a short dorsal
lobe. Ventro-ventral and latero-ventral rays widely divergent,
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Antero-lateral and externo-dorsal rays short, not reaching the
margin of the bursa. Externo-dorsal rays may arise separ-
ately from the dorsal ray or originate from its base.
Dorsal ray cleft for a short distance only, and with bidigitate
‘terminations. A pair of prominent papille present on the
posterior lip of the cloacal aperture. Prebursal papille
also present. Each spicule divided for the greater part of
its length into two branches. An accessory piece present.
Tail of female long and finger-shaped. Uterine branches
opposed. Adult worms parasitic in the gizzard of ducks
and other birds, under the horny lining.
Genotype :—Amidostomum nodulosum (Rud., 1803).

1. Amidostomum skrjabini Boulenger. 1926. (Fig. 168.)

Synonyms :—Amidostomum fuligul@e Maplestone, 1930 ; 7 Amido-
stonum anatinum Sugimoto, 1928,

Hosts :—A. skrjabini was originally described by Boulenger
from Anser albifrons, the specimens having probably been
collected in Egypt. Maplestone (1930,5) records A. fulvgfllm
from the golden-eyed pochard (Nyroca fuligula [F uligula
cristatal), Nyroca [A ythya) ferina and several unidentified
ducks in the Zoological Gardens, Calcutta. The present
writer (1932) has examined specimens determined by Maple-
stone as A. fuligulz from a garganey teal, also from t'-he
Zoological Gardens, Calcutta, and found them to agree with
Boulenger’s original material of A. skrjabini. This form was
at the same time recorded from various species of ducks in
durope and Patagonia. 4. anatinum Sugimoto, from the
domestic duck in Formosa, appears to be indistinguishable
from A. skrjabini. This species appears, therefore, to oceur
in a considerable number of Anseriform birds and to have
a wide geographical distribution.

The male measures about 7-5-9 mm. in length and 0-1-
0-13 mm. in maximum thickness, the female about 9-13-5 mm:
and 0-1-0-14 mm. respectively, The cuticle is transversely
striated. The bucecal ('apgu]é has rather thin walls, and
measures about 0:008-0-01 mm, in length and 0-011-0-017 mm.
in width. It contains three teeth, a dorsal tooth which is long
and pointed, and extends almost to the anterior margin of the
capsule, and two very small and inconspicuous subventral
teeth. The wsophagus is (0.55-0-78 mm. long, The nerve-
ring is situated at 0-23-0.28 mm., the cervical papille at
0:3-0:42 mm., and the excretory pore at about 0-31 mm.,
from the anterior extremity.,

The antero-lateral ray of the bursa is turned slightly forward,
away from the medio-lateral ray. The externo-dorsal rays
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are independent of the dorsal ray and terminate at a con-
gsiderable distance from the edge of the bursa. The spicules
measure about 0-12-0-16 mm. in length, and each ell(}s in
two unequal processes, the inner shorter and more pomted‘
than the outer. The accessory piece is elongate and measures
0:06-0:08 mm. in length.

="' 5

Fig. 168.—Amidostomum skrjabini. A, anterior ond._lntoral view ;
B, spicules and accessory piece, ventral view ; (; bursa
of male, ventral view. (After Boulenger, in Parasito-
logy.")

The tail of the female is about 0:19-0-27 mm. long, ant'l is
tapering, with a rounded tip. It bears a pair of papille
somewhat behind its middle. The vulva is situated at about
1:7-2-6 mm. from the posterior end. The ovejectors have

a combined length of 0-4-0-5 mm. The eggs measure 0-07-
0-082 < 0:04-0-052 mm.
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2. Genus PSEUDAMIDOSTOMUM Boulenger, 1926.

Head with a slightly inflated cuticular cap, without pro-
jections. Buccal capsule wide but very short, without teeth.
Ventral rays of bursa divergent. Lateral rays parallel ;
the antero-lateral ray short and stout, the medio-lateral and
postero-lateral rays longer and more slender, and nearly
reaching the edge of the bursa. Dorsal ray stout at its base,
near to which it gives origin to the short externo-dorsal rays ;
cleft distally, each branch being bidigitate. Prebursal
papille present. Each spicule composed distally of two
processes fused together. Accessory piece absent. Tail of
female suddenly narrowed behind the anus. Adult worms
parasitic in birds.

Genotype :—Pseudamidostomum loossi Boulenger, 1926.

1. Pseudamidostomum boulengeri Maplestone, 1930.

Hosts :—This species is recorded by Maplestone from the
cotton teal (Nettapus coromandelianus), the cattle egret (B“I_’"I'
cus ibis coromandus) and an unidentified duck, in the Zoological
Gardens, Calcutta. Its habitat is not stated, but is pre-
sumably under the horny lining of the gizzard.

The male measures 8-3-8-6 mm. in length and 0-18-0-21 mm.
in maximum thickness, the female 11-11-5 mm. and 9'22~
0-24 mm. respectively. The cuticle is transversely striated.
The diameter of the head is 0-04-0-044 mm. The mouth is
gituated in a shallow, funnel-shaped depression and surroun
by four elongate submedian papille and a pair of inconspicuous
lateral papille. The cesophagus is about 1 mm. long In the
male, 1-3-1-4 mm. in the female, and is very slightly swollen
posteriorly. In the female the nerve-ring and excretory
pore are situated at 0-3 mm., and the cervical papille at
0:56 mm., from the anterior extremity.

In the male the ventral lip of the cloacal aperture bears
a pair of papille. The prebursal papille, in Maplestone s
material, were asymmetrical. The spicules measure 0-12—
0-124 mm. in length, and are stout, slightly curved and
provided with broad, membranous alee. *“ Their tips are not
divided though there appear to be double tips. which are
fused.”

The tail of the female is 0-28 mm. long, and bears a pair
of papille somewhat behind its middle. The vulva is situated
at 2-7-2:8 mm. from the posterior end. The eggs measur®
0:116-0:12 % 0-:07-0:08 mm,
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3. Genus EPOMIDIOSTOMUM Skrjabin, 1916,

cuticle thick, with conspicuous transverse striations.
Head distinet, with backwardly-directed epaulettes ” or
* festoons,” or with a number of spines, including a dorsal
and a ventral pair which are stout and backwardly directed.
Buccal cavity reduced or absent. (Esophagus with three
internal chitinoid lamell. Ventral rays of bursa diverge
from lateral rays. Antero-lateral ray short, not reaching
the margin of the bursa. Medio-lateral and postero-lateral
rays parallel and fused proximally. Externo-dorsal rays
short and thick. Terminations of dorsal ray short and bidigi-
tate. The posterior lip of the cloacal aperture bears a pair
of large papille. Prebursal papille present. Spicules short,
trifurcate distally. Accessory piece absent. Tail of female
narrows rapidly behind the anus and is bent ventrally. Uterine
branches opposed. Adult worms parasitic in the gizzard
of Anseriform birds, under the horny lining.

Genotype :—Epomidiostomum uncinatum (Lundahl, 1848).

1. Epomidiostomum uncinatum (Lundahl, 1848) Seurat, 1918,
(Fig. 169.)
Synonyms :—Strongylus uncinatus Lundahl, 1848 ; Epomidio-
stomum anatinum Skrjabin, 1916.

Hosts :—This species has been recorded from a consider-
able number of Anseriform birds, including the domestic
duck, and in many parts of the world (Europe, Asia and
Africa). Maplestone has recorded it from various ducks in the
Zoological Gardens, Caleutta, including Dafila acuta, Nyzoca
rufa [Fuligula nyroca), Querquedula querquedula [Q. circia),
Sarkidiornis  melanotos and Casarca ferruginea  [Tadorna
casarea).

The male measures 6-3-7-13 mm. in length and 0-15 mm.
in maximum thickness, the female 10-11-5 mm. and 0-25 mm,
respectively. The structure of the head has been variously
interpreted by different authors, and seems not to have been
understood until Maplestone (1930, b) gave a fuller description
of it. According to his account and figures the head is sur-
mounted by a cuticular cap, the four angles of which are
produced into a pair of subdorsal and a pair of subventral
stout, backwardly-directed spines. The mouth, which is
situated in the centre of the cap, is surrounded by four promi-
nent, forwardly.directed papill, and a pair of less conspicuous
lateral papille is also present. The buceal capsule, according
to Maplestone, is * difficult to see, as it can only be viewed
through the chitinous cap overlying the head.” The ceso-
phagus is about 0-8 mm, long.



TRICHOSTRONGYLID A1, 361

The dorsal ray of the bursa is very stout at its base, near to
which it gives origin to the externo-dorsal rays, whose bases
are also very stout. The spicules measure 0-12-0-13 mm. in
length.

e
o0l mm.

Fig. 169.—Epomidiostomum wncinatun. Anterior end. A, apical
view ; B, semi-lateral view. (After Maplestone.)

The tail of the female is 0-14-0-17 mm. long, and has
a button-like termination. The vulva is situated at about
2.2 mm. from the posterior end. The eggs measure 0-074—

0-08 % 0-048-0-05 mm.

16. Family TRICHOSTRONGYLIDAE Leiper,
1912.

Mainly small, slender forms. Mouth without cutting organs
or leaf-crown. Buccal capsule usually vestigial or absent
in the adults. Bursa of male well developed, with large
Jateral lobes but with a small or ill-defined dorsal lobe. Adults

parasitic in the alimentary canal of vertebrates.

Subfamily TRICHOSTRONGYLINA Leiper, 1903.
Female genital tubes paired. Vulva behind the middle
of the body, but usually at some distance from the posterior

end.
Key to Genera.

Dorsal lobe of bursa of male asymmetrical. Hayoxcuus, p. 373.
Dorsal lobe of bursa symmetrical .......-

1. Ventral rays of bursa widely separated ... 2.
Ventral rays of bursa close together . ..... 3
2. Spicules of male rpluliwl_v short and stout, [p- 362
of irregular outline and not united ...... TRICHOSTRONGYLUS,

Spicules long and filiform, united for most
T T e s T MECISTOCIRRUS, p- 382



362 TRIOHOSTRONGYLID E.

3. Dorsal lobe of bursa divided into two small
lobules, each supported by a separate ray. NEMATODIRUS, p. 379.
Dorzal lobe of bursa entire; dorsal ray

divided only distally .................. 4. [p. 384.
4. Parasites of reptiles and amphibians ..... OSWALDOCRUZIA,
Parasites of warm-blooded vertebrates .... 4.
5. Paragites of mammals ., ................ OSTERTAGIA, p. 366.
Parosites of birds .........ccc0vennennns ()nxrmms-rmmnvr.us,)
[p. 372.

1. Genus TRICHOSTRONGYLUS Looss, 1905.

Synonym :— Libyostrongylus Lane, 1923,

Cuticle of anterior end may be inflated. Buccal capsule
il defined. Ventral rays of bursa widely separated and of
different. thicknesses, the ventro-ventral ray being slender
and ventrally directed, the latero-ventral ray stout and nearly
parallel to the lateral rays. Postero-lateral ray thinner than,
and divergent from, the other lateral rays. Dorsal ray cleft
near its tip. each branch having two short terminal digitations.
Prebursal papille present. Spicules short and spoon- or
spatula-shaped, often having a twisted appearance owing
to the development of ridges or other projections on their
surfaces. An elongate accessory piece present. Vulva typi-
cally with prominent lips. Eggs thin-shelled ; their contents
segmenting at the time of laying. Adult worms parasitic
in herbivores, rodents, Primates and birds.

Genotype - —T'richostrongylus retortaformis (Zeder, 1800).

Key to Speciss.

Parasites of ruminants 55
1. Bach spicule of male with a single ventral
projection orbarb ........i.i0iniin,.. colubriformis. p. 362.
Each spicule of male with a second angular

ventral projection in front of the barb... probolurus, p. 364.

POOSILo OF MATS | & i s s ols Soias oy et pigmentatus, p. 365,
1.

I. Trichostrongylus colubriformis (Giles, 1892) Ransom, 1911.
(Fig. 170.)
Synonyms :—Strongylus  colubriformis Giles, 1802; Strongylus

instabilis Railliet, 1803 ; Strongylus  subtilis. Looss, 19033

Trf('/ll).!{rouy_;/lu,q subtiliz Looss, 1905 ; Trichostrongylus delicatus
Hall, 19186.

Hosts :—This iz a common and widely-distributed parasite
of the fourth stomach and small intestine of many ruminants,
including the sheep, goat and camel. Tt also sometimes
occurs in the intestine of other mammals, having been recorded
from squirrels, the chimpanzee, various monkeys and man.
In India (Assam and the Punjab) it has been recorded from
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sheep by Giles and by Lane. A species of 7'richostrongylus,
in all probability 7'. colubriformis, appears to occur not in-
frequently in man in at least some parts of India. Boulenger
(1920) records the finding of the eggs of 7'richostrongylus in
the stools of a small percentage of Indian hospital patients in
Mesopotamia, while Sweet (1929) estimates the incidence
of such eggs in the State of Mysore as 0-4 per cent. of the
population.

The male measures about 4:4-7-7 mm. in length and 0:07—
(0-11 mm. in maximum thickness, the female about 5-1-
86 mm. and 0-08-0-12 mm. respectively. The diameter of
the head is 0-013-0-017 mm. The cesophagus is about 0-6-
1 mm. long. The excretory pore is situated at 0-11-0-17 mm.
from the anterior end.

Fig. 170.—Trichostrongylus colubriformis. A, bursa of male, lateral
¢ view; B, left spicule and accessory piece, viewed from
left side. (After Nagaty.)

The bursa is large and deeply bilobed, with a very small
dorsal lobe. The antero-lateral ray is usually the stoutest.
The postero~laterul ray is relatively small, and its tip 18
directed towards the externo-dorsal ray. The dorsal ray
pifurcates at about its posterior third. According to Nagaty
(1932) * the inner divisions are longer than the outer and bear
on their inner surfaces a small papilla-like projection which
is more marked in some than in others.” The spicules are
dark brown and somewhat unequal, the left spicule being longer
and broader than the right. The left spicule measures
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0-136-0-171 mm., the right 0-123-0:154 mm. in length. At
about its posterior quarter each spicule bears a rather promi-
nent ventral barb. The accessory piece, which measures
0-066-0-088 mm. in length, is canoe-shaped in dorso-ventral
and somewhat S-shaped in lateral view.

The tail of the female is 0:055-0-092 mm. long, rather
slender and sharply pointed. The vulva is situated at about
1-1:8 mm. from the posterior end, and is a longitudinal slit
with a raised cuticular border. The combined length of the
ovejectors is about 0-4-0-6 mm. The eggs measure 0:073-
0-096 < 0-035-0-048 mm.

2. Trichostrongylus probolurus (Railliet, 1896) Looss, 1905.
(Fig. 171.)

Synonym i—Strongylus probolurus Railliet, 1896,

Hosts :—This species occurs in the duodenum of ruminants,
including the sheep and camel, in various parts of the world.

F.2m.
Fig. 171.—Trichostrongylus probolurus. Spicules and accessory piece.
A, ventral view; B, lateral view. (From Baylis, after
Looss.)

It has also been recorded as an accidental parasite of man.
Nagaty (1932) records a single male specimen from a sheep
from the Punjab, This specimen was discovered among
Giles’ original material of 7. colubriformis.

The following description is taken from Ransom (1911). The
male measures 4-5-5-5 mm. in length, the female 4-5-6 mm.,
and both measure 0-08 mm. in maximum thickness.

The latero-ventral ray is much the stoutest of the bursal
rays. The postero-lateral and externo-dorsal rays are very
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short and close together. The dorsal ray has a short and stout
stem and short, bidigitate terminations. The spicules
measure (-126-0-134 mm. in length and are relatively stout,
Each has a very pronounced terminal hook or barb. In
front of this “ on the ventral edge of the spicule is a second
angular pointed projection, which together with the terminal
hook when observed under low magnification, gives the spicule
a gnarled or twisted appearance.” The accessory piece is
0:075-0-08 mm. long. :

In the female the posterior portion of the body is rather
stout, beginning to taper rapidly a short distance in front of
the anus. The tail is rather blunt and measures 0-04-0-05 mm.
in length.  The vulva, which is a longitudinal slit, is situated
at about 1-1-25 mm. from the posterior end. The com-
bined length of the ovejectors is about 0:375 mm. The eggs
measure 0:076-0-08 < 0-043-0-046 mm.

3. Trichostrongylus pigmentatus (v. Linst., 1904) Hall. 1916.
Synonym :—Strongylus pigmentatus v. Linstow, 1904.

Host :—This parasite is recorded from the stomach of the
black-naped hare (Lepus nigricollis) at Ranna, Southern
Province, Ceylon.

Of this species nothing is known beyond the original
description of it by v. Linstow. The type-specimens should
be in the collection of the Colombo Museum, but apparently
cannot now be found, and the writer has therefore been
unable to examine them,

According to v. Linstow’s description the male measures
7-7 mm. in length and 0-12 mm. in thickness, the female
10:5 mm. and 0-14 mm. respectively. The head has three
lips, each carrying on its summit a small papilla. The
cesophagus occupies 1/14 of the total length in the male and
1/18 in the female. It measures, therefore, about 0-55-
0:58 mm.

The bursa has two large lateral lobes and a small dorsal
lobe. The dorsal ray has a long stem and very short,
bifurcate terminal branches, the inner termination of each
branch being longer than the outer. All the other rays of
the bursa are figured as being slender and of about equal
thickness, but the figure is probably somewhat diagrammatic.
The length of the spicules is given as 0-68 mm., but this
measurement, as suggested by Hall (1916), should probably
be 0068 mm. They are of a pale brown colour, and each 18
divided distally into three processes, of which the largest 1S
blunt, the others pointed.

The tail of the female measures 1/66 of the total length
(i.e. about 0:15 mm.) The vulva divides the total length
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in the ratio of 37 :11, and is therefore situated at avl.)'oub
2-4 mm. from the posterior end. The eggs measure 0-062x
0-036 mm.

v. Linstow states that the *“ msophagus, testes, _uterug,
eggs and especially the ovaries are coloured black.” This
peculiarity in the type-specimens was no doubt an artifact
due to some reagent to which they had been subjected.

2. Genus OSTERTAGIA Ransom, 1907.

Synonym :—Camelostrongylus Orloff, 1933.

Cuticle of body marked with numerous (twenty-five to
thirty) longitudinal ridges. Cuticle of head may be slightly
dilated. Cervical papille present. Buccal cavity small.
Bursa of male with two lateral lobes and a smaller dorsal lobe.
Within the bursa dorsally there is typically an accessory
bursal membrane with a free posterior edge u,ngi supported
by two slender, divergent rays. Prebursal papille present.
Ventral rays close together and parallel. Dorsal ray with
two main branches, each giving off one or two short accessory
branches. Spicules rather short, usually divided distally
into three processes. An accessory piece may be present or
absent. Vulva towards the posterior end of the body, some-
times covered by a cuticular flap developed from its anterior
lip. Adult worms parasitic in mammals, chiefly ruminants.

Genotype :—Ostertagia ostertagi (Stiles, 1892).

Key to Species.

Spicules of male 0:5 mm. long, or longer ...... mentulata, p. 372
Spicules of male not more than 0:32 mm, long . 1.
1. Latero-ventral ray of bursa the stoutest ... ... 2.
Antero-lateral ray of bursa the stoutest . ... ... 3.
2. Spicules with a longer, knobbed, outer process
and two shorter, barbed, inner processes. , ... astertagi, p- 366.
Spicules with a short, blunt, dorsal process and
two ventral processes, one slightly knobbed, )
the other pointed .. ....iuuerersernnsus. .. marshalli, p- 3‘?“'
3. One process of each spicule knobbed, two pro- [p. 36
ceapes: hointed. § s S il I SR T circumcincla,
Two processes of each spicule knobbed or blunt, 3
one process pointed .. ... usies iy, .. occidentalis, p- 370

1. Ostertagia ostertagi (Stiles, 1892) Ransom, 1907.

Synonyms :—Strongylus convolutus Ostertag, 1890 (nec Kuhn,
1829) ;  Strongylus ostertagi Stiles, 1802; Strongylus harkeri
Stodter, 1901 (part),

Hosts :—This species occurs in nodules in the wall of the
abomasum, or free in its cavity or in the duodenum, of cattle
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and sheep in various parts of the world. It has also been
recorded from the bharal (Ovis nahura) in captivity in the
United States of America, and from the roe-deer and chamois
in Kurope. Bhalerao (1935, b) records it from cattle (Bos
indicus) at Muktesar, United Provinces.

The male measures 6-5-7-5 mm. in length and 0-115-
0-15 mm. in maximum thickness, the female 8:3-9-2 mm. and
0-12-0-16 mm. respectively. The diameter of the head is
0:016-0-02 mm. The csophagus is 0:65-0:68 mm. long.
The nerve-ring is situated at 0-26-0-28 mm., the excretory
pore at about 0-3 mm., and the cervical papille at 0-32-
0-34 mm., from the anterior extremity.

The bursa is relatively small. The ventral and lateral rays
are of about equal thickness, but the latero-ventral ray is
glightly thicker than the others. The tips of the ventral rays
are very close together, as are those of the medio-lateral and
postero-lateral rays. The dorsal ray is bifurcated at about
its posterior third, each branch being slender and having
two short terminations. An accessory bursal membrane,
supported by two slender rays, is present. The spicules are
about 0:2-0-23 mm. long. Each has two barbed processes
on its inner side in the posterior half. These are united by
a membrane with the main shaft, which ends in a knob.
The accessory piece consists of an oval body, about 0:04 mmn.
long, and a posterior process about 0-025 mm. long.

The tail of the female is tapering and measures 0-1-0-14 mm.
in length. The vulva is situated at 1-3-1-5 mm. from the
posterior end, and is covered by a prominent cuticular flap,
The combined length of the ovejectors, including the sphine-
ters, is 0-2-026 mm. The eggs measure 0-065-0-08<0-03~
0:04 mm.

2. Ostertagia circumeineta (Stadelmann, 1804) Ransom, 1907.
(Figs. 172 & 173.)
Synonyms :—S!ror»gg;ltw cireumeinectus Stadelmann, 1894 ; Strongy-

{us cervicornis McFadyean, 1897 ; Ostertagia (Ostertagia) circum-
cincta Orlofi, 1933 ; ¢ Strongylus vicarius Stadelmann, 1893.

Hosts :—This is a cosmopolitan parasite of sheep and goats,
and also occurs in various wild ruminants. It inhabits the
abomasum (fourth stomach) and small intestine. It is
recorded by Bhalerao (1932) from the Himalayan ibex (Capra
gibirica) at Muktesar, United Provinces.

The male measures 7-5-11 mm. in length, the female 9-
12-2 mm. In both sexes the maximum thickness is 0:1-
(0-165 mm. The !lead has a diameter of about 0-018-0:022 mm.
The cesophagus is 0:5-0-69 mm. long. The cervical papille
are situated at 0:21-0-35 mm, from the anterior end, and the
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nerve-ring and excretory pore at about the same level (a little
m front of the middle of the wsophagus).

The antero-lateral ray of the bursa is the stoutest. Each
main branch of the dorsal ray has two short accessory branches,
one on the inner side near the tip and one on the outer side
higher up. The spicules measure 0-28-0-32 mm. in length,
and have three terminal processes. The outer of these is
longer and stouter than the others, and ends in a knob. The

Fig. 172.—Ostertagia circumeinecta. Posterior end of male; ventral
view. (From Baylis, after Travassos.)

two inner processes are slender, tapering and pointed, and
one of them is considerably longer than the other. The
accessory piece is about 0-08-0-09 mm. long. It has a spatu-
late anterior portion and a long, slender posterior portion.
The tail of the female is 0-13-0-19 mm_ long, and is tapering,
with a blunt tip. Near the tip there is g slightly raised band
composed of some three to five annulations. The vulva is
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situated at 1:5-2-5 mm. from the posterior end, and is usually
covered by a flap. The combined length of the ovejectors

is 0-33-0-56 mm. The eggs measure 0-075-0-1x0-035-
0:05 mm,

Fig. 173.—Ostertagia circumcincta. A, spicules and accessory piece,

ventral view ; B, posterior extremity of female. (From
Baylis, after Ransom.)

3. Ostertagia marshalli Ransom, 1907.

Synonyms :—Ostertagia tricuspis Marotel, 1910 ; Ostertagia orientalis
Bhalerao, 1932 ; Ostertagia (Marshallagia) marshalli Orlofi, 1933 ;
? Ostertagia brigantiaca Blanchard, in Railliet and Henry, 1909,

Hosts :—This species occurs in the abomasum and small
intestine of sheep and goats in various parts of the world
(Europe, Asia and America), It also occurs in the chamois.
Bhalerao (1932) records what he regards as a distinct species,
0. orientalis, from the Himalayan ibex (Capra sibirica) ab
Muktesar, United Provinces. The slight differences in measure-
ments mentioned do not, however, appear sufficient to justify

the separation of Bhalerao’s species from 0. marshalli.
NEM, 25
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The male measures 9:5-14-3 mm. in length and 0-11-
02 mm. in maximum thickness, the female 12-21-7 mm.
fmd 0-19-0-26 mm. respectively. The diameter of the head
is 0:013-0-023 mm. The esophagus is about 0-7-0-97 mm.
long. The nerve-ring is situated at about its anterior third
(according to Bhalerao at 0-29-0-365 mm. from the anterior
end). The excretory pore is slightly behind the nerve-ring,
and the cervical papille at 0-32-0-48 mm. from the anterior
extremity.

The latero-ventral ray is the stoutest of the bursal rays.
The dorsal ray is very long and slender. Each of its branches
is very slightly cleft at the tip, and gives off a very small
accessory branch on the outer side a little before the tip.
The spicules are about 0-18-0:28 mm. long, or, according to
Bhalerao, as much as 0-31 mm. At about a quarter to three-
eighths of their length from the tip they are divided into
three processes, two of which are ventral and one dorsal.
The dorsal process is shorter, broader and less conspicuous
than the others, and has a blunt tip. According to Bhalerao it
ends in a small knob. The ventral processes are slender, the
inner being slightly knobbed, while the outer is longer and
sharply pointed. According to Bhalerao the outer process
¢ gives out a small, slender process at a short distance from its
tip.”” There is no accessory piece.

The tail of the female is slender and tapering, and has
a blunt tip. It measures about 0-2-0-3 mm. in length. The
vulva is a transverse slit situated at 1-8-5 mm. from the
posterior end, and sometimes covered by a packwardly-
projecting flap. According to Bhalerao, “ peeasionally an
anterior or a posterior flap may be present.”” The combined
length of the ovejectors is about 0-58-0-64 mm. The eggs
measure 0-15-0:23<0:07-0-116 mm.

4. Ostertagia occidentalis Ransom, 1907. (Fig. 174.) .

S_\monyTns_:—Oﬂtrrmgia trifida Cuillé, Marotel and Panisset, 1911 ;
Ostertagia skrjabini Kamensky, 1929 ; Ostertagia (Grosspiculagia)
occidentalis Orloft, 1933. )

Hosts -—This parasite occurs in the abomasum and small
intestine of sheep in Europe, Asia and America, and has also
been recorded from the chamois. Bhalerao (1932) records
it from the Himalayan ibex (Capra sibirica) at Muktesar,
United Provinces.

Most authors have found the female of this species indis-
tinguishable from that of certain closely-related forms.
Bhalerao was unable to separate it from that of 0. orientalis
(i. e. 0. marshalli). The measurements of the female in the
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following description are taken from Guschanskaja and
Krjukowa, as quoted by Gebauer (1932).

The male measures 9-16 mm. in length and about 0:15-
0-24 mm. in maximum thickness. The female is 10-8-
14:5 mm. long. The diameter of the head is 0-012-0-023 mm.
The @sophagus measures 0-51-0-98 mm. in length. The
nerve-ring is situated at about its anterior third, and the
cervical papille at 0-32-0-4 mm. from the anterior end.

The antero-lateral ray of the bursa is usually the thickest.
The dorsal ray is long and slender, and bifurcates at about
its posterior third. Each branch has a short accessory

Fig. 174.-—0011'1'1(1!]!'0 occidentalis.  Posterior end of male; ventral
view. (After Ransom.)

branch on the inner side near the tip, and one on the outer
side a little higher up. The spicules are about 0-2-0-32 mm.
long, and are relatively stout. A little behind its middle
each spicule divides into three processes, two of which are
ventral and one dorsal. The outer ventral process is the
longest of the three, and ends in a knob. The inner ventral
process is the shortest, and has a short subterminal point.
The dorsal process is the thickest, and has a bluntly conical
tip, marked off by a transverse ridge on the dori;)al side, The
282
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accessory piece, which is inconspicuous, is about 0-11-0-12 mm.
long.

'lghe tail of the female is 0-14-0:16 mm. long, and has three
or four annulations near the tip. The vulva is situated at
2.24-3-01 mm. from the posterior end. The ovejectors have
a combined length of 0:49-0-63 mm. The eggs measure
0-097-0-108 x 0-05-0-061 mm.

5. Ostertagia mentulata Railliet and Henry, 1909,

Synonyms :—Camelostrongylus mentulatus Orloff, 1933 ; ? Strongy-
lus capillaris Pricolo, 1913,

Hosts -—This species occurs in the fourth stomach of the
camel (Camelus dromedarius), and was originally recorded
from India. It has also been recorded from the sheep in
Europe and from the goat in Turkestan.

The male measures 6:5-7-5 mm. in length, the female
810 mm. Lateral ale are present, in addition to the usual
longitudinal ridges, in the posterior portion of the male.
The cesophagus is 0-75-1 mm. long, and the cervical papill:
are situated at 0-:35-0:45 mm. from the anterior end.

The spicules of the male are relatively long (0-5-0-7 mm.),
transversely striated and of reticulated appearance. At its
distal end each spicule carries two slightly unequal processes,
about 0:09 mm. long and apparently articulated to the main
shaft. These processes have hammer-shaped or button-like
terminations.

The tail of the female is bluntly pointed. The vulva is
situated in the posterior fifth of the body.

3. Genus ORNITHOSTRONGYLUS Travassos, 1914.
Synonym :—Cephalostrongylus Irwin-Smith, 1920.

Cuticle of anterior end inflated. A slight buccal capsule
present. Ventro-ventral and latero-ventral rays of bursa
of equal thickness and close together. Antero-lateral and
medio-lateral rays close together proximally but widely
divergent distally. Postero-lateral ray about as thick as,
but divergent from, the other lateral rays. Dorsal ray
cleft to a varying extent, up to half its total length ; each
branch ending in three or four digitations. Externo-dorsal
rays originate from the base of the dorsal ray. Prebursal
papille present. Spicules relatively short, each ending in
three pointed processes. An accessory piece (? telamon)
present. Vulva in the posterior half of the body. Adult
worms parasitic in the alimentary canal of birds.

Genotype :—Ornithostrongylus fariai Travassos, 1914.

.
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1. Ornithostrongylus travassosi Maplestone, 1932.

Host :—This speeies -is recorded by Maplestone from the
gizzard of the coral-billed pigeon (Chalcophaps indica) in the
Zoological Gardens, Calcutta.

The male measures 57 mm. in length and 0-88 mm. in
maximum thickness, the female 7-8 mm. and 0-116 mm.
respectively. The head hasa diameter of 0-24 mm. According
to Maplestone’s description there is no buccal capsule. The
cesophagus is 0-356 mm. long, and is slightly swollen towdrds
its posterior end. The nerve-ring is situated at 0-2 mm.,
and the excretory pore, which is surrounded by an inflation
of the cuticle, at 0-28 mm., from the anterior extremity.

The externo-dorsal rays almost reach the edge of the bursa.
The spicules measure 0-144 mm. in length, and have mem-
branous ala along their inner borders. The accessory piece is
0-048 mm, long. Maplestone states that it is “ Y-shaped
when seen dorso-ventrally, and when seen from the side it
appears as a straight rod with a rounded prominence running
ventrally from about its centre.”

The tail of the female measures 0-12 mm. in length, z_md
ends in a spike which is 9u long. It bears a pair of papille
at 0-024 mm. from the tip. The vulva is situated at a distance
of 1:87 mm. from the anus (i. e. at 1-99 mm. from the posterior
end). The eggs measure 0-05-0-052 % 0-027-0-028 mm. ;
Maplestone does not compare this species with O. quadri-
radiatus (Stevenson, 1904), a form oceurring in the intestine
of domestic pigeons in America and elsewhere, but according
to his description it differs from this form in its smaller size,
the greater length of the externo-dorsal rays, the shape of
the accessory piece and the smaller size of the eggs.

4. Genus HAEMONCHUS Cobb, 1898.

A small buccal cavity present, containing a lancet-like
dorsal tooth which originates at its base. A pair of well-
developed, spine-like cervical papille present. Bursa with
large Jateral lobes and a small, asymmetrical dorsal lobe
attached to the left lateral lobe near its base. Ventral rays
divergent distally. Dorsal ray bifurcate distally ; each
pranch with two small terminal digitations. Externo-dorsal
rays long and slender ; the left ray originating with the man
stem of the dorsal ray in the left lateral lobe of the bursa.
Prebursal papille present. Spicules relatively short, eac
with a small barb near its tip. An accessory piece present.
Vulva usually covered by a cuaticular flap; this, however,
is subject to great variation. Adult worms parasitic in the
stomach or small intestine of mammals, chiefly ruminants.

Genotype . Hsemonchus contortus (Rud., 1803).
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Key o Species.

Spicules of male 0:6 mm. long, or longer ...... longistipes, p. 378.
Spicules of male not more than about (-5 mm.
do g e e R AT RS
1. Barb of left spicule at about 0-01-0:02 mm. from s
T e R T S e e R contortus, p. 374.
Barb of left spicule at about 0-04-0-06 mm. from &
tho B2y A s e I -y o LRGSR similis, p. 378.

1. Hemonchus contortus (Rud., 1803) Cobb, 1898.  (Figs. 175-
178.)

Synonyms +—Strongylus contortus Rudolphi, 1803 ; Strongylus
hamonchus Stewart, 1912; ? Hamonchus cervinus Baylis and
Daubney, 1922,

Hosts :—This is a cosmopolitan parasite of the ox, sheep,
oat and various wild ruminants, occurring in the stomach
(usually in the abomasum) and less commonly in the small
intestine, and being perhaps the commonest cause of verminous
gastritis in these animals. It has been recorded as an acci-
dental parasite of man. The species appears to be of frequent
occurrence in India. Tt has been recorded by Gaiger from the
ox and sheep in the Punjab, by Bhalerao from * goats ”
[se. Capra sibirica] at Muktesar, United Provinces, and by
Baylis and Daubney from the markhor (Capra falconert)
in the Zoological Gardens, Calcutta. It seems probable
that the form described by Baylis and Daubney (1922), under
the name of Hamonchus cervinus, from the spotted deer
(Cervus axis) is identical with H. contorfus. The only male
specimen available was much damaged, and the females agreed
in measurements with small specimens of H. confortus. The
absence of a vulvar flap was noted at the time as a distinctive
feature, but in view of the amount of variation now known
to oceur in this respect in H. contortus, no importance can be
attached to this character.

The male measures about 10-20 mm, in length and (-23-
04 mm. in maximum thickness, the female about 18-30 min.
and 0:4-0-5 mm, respectively. The diameter of the head
is about 0003 mm. The buceal tooth is 0-01-0-015 min.
long, and may project through the mouth. The @sophagus
is club-shaped and measures about 1-2-1-5 mm. in length.
The nerve-ring and excretory pore are situated at about
0-28 mm., and the very prominent cervical papille at about
0-3-0-44 mm., from the anterior end,

The stem of the dorsal ray is only slightly longer than its
branches. The spicules are of a dark brown colour and measure
about 0:3-0-5 mm. in length. Each spicnle has a small barb
on its outer surface, that of the left spicule at about 0-014-
0:02 mm. and that of the right at about 0-028-0-04 mm.
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from the tip. The accessory piece is fusiform, with thickened
edges, and about 0-2 mm. long.

The tail of the female is slender and sharply pointed, and
measures 0-3-0-63 mm. in length. It bears a pair of papill®
at about 0-1 mm. from the tip. The vulva is situated at a

Fig. 175.—H@monchus contortus.  Male. (From Baylis, after Neveu-
Lemaire.)

distance of 3-5 mm. from the posterior end, and is usually
covered by & backwardly-directed, tongue-shaped flap. This
may, however, show great variations in form, being some-

W

times bilobed or represented by one or two cuticular bosses,



376 TRICHOSTRONGYLID .

or may be absent. The combined length of the ovejectors

isabout 1 mm. The eggs measure 0-066-0:095< 0-04-0-05 mm.
The life-history of this species, which is typical of the family,

may be briefly described as follows. The eggs, whosq contents

are undergoing segmentation at the time of laying, may

hatch within 24 hours after reaching the open. The larva

FRM

Fig. 176.—~Hemonchus contorties. A, anterior end, dorsal view (from

Buylis. after Ransom); B, head, lateral view (from
Baylis, after Yorke and Maplestone).

develops to the third (infective) stage within a period varying
from four days to several weeks, according to the conditions
of moisture and temperature. The infective larva, enclosed
in a * sheath ” consisting of the old cuticle of the second moult,
is highly resistant to cold, dryness and chemical substances,
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and is capable of living for about a year in or on the ground.
When the herbage is damp with dew or rain, and particularly
during dull, warm weather, the larva climb up on to it,
sometimes retreating into the soil again if the atmosphere
becomes dry. If swallowed by a suitable host, the worms
reach maturity in about three weeks.

2. Hemonchus similis Travassos, 1914.

Synonym :—Hamonchus contortus of Schnyder, 1906.

Hosts :—Thig species has been recorded from the abomasum
of cattle in Europe and Brazil, and recently Bhalerao (1933, b)
has recorded it in India from ** hill bulls ” (i. e. Bos indicus)
at Muktesar. It has also been found by Isshiki (1933) in
calves [? Bos laurus] in Korea, and both these authors have
given new descriptions of the parasite.

The male measures about 8-5-12:5 mm. in length and
0:-18-0-24 mm. in maximum thickness, the female about
79-197 mm. and :-12-0-5 mm. respectively. The cuticle
has fine transverse striations and about 26 longitudinal
striations. The buccal capsule is small, but contains a well-
developed dorsal tooth, which is shaped like a spear-head in
dorso-ventral view. The esophagus is about 1-1-7 mm. long,
The nerve-ring and excretory pore are situated at about
0-23-0-32 mm., and the cervical papille at about 0-3-0-4 mm.,
from the anterior extremity.

Each branch of the dorsal ray of the bursa has, in addition
to the two small terminal digitations, a small accessory branch
on its outer surface. The spicules measure about 0-32—
0-38 mm. in length. The barb of the left spicule is at 0-045—
0:063 mm., that of the right at 0-:063-0:072 mm.,, from the
tip. The accessory piece is about 0-16-0-23 mm. long.

The tail of the female is rather blunt, and measures 0-17-
0-32 mm. in length. The caudal papille are situated at 0-C5-
0-12 mm. from the tip. The vulva is at a distance of about
1-:2-3-2 mm. from the posterior end, and opens on a postcnor!y-
directed appendage (the aperture being either at the extremity
of the appendage or on either the dorsal or the ventral surfa(:o
of it). The vagina runs anteriorly from the vulva and is
0-12-0-26  mm. long. The eggs measure 0-053-0-078 <
0-033-0-054 mm.

3. Hemonchus longistipes Railliet and Henry, 1909,

Host :-—This species is recorded by Railliet and 'Hem_'y
from the abomasum of the camel (Camelus dromedarius) in
Africa and India, In the latter country it was originally
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found by Leese, and has been recorded subsequently by
Boulenger (1921, b) and by Baylis and Daubney (1923, b).
Railliet and Henry state that * in the Indies this parasite is
very common and appears to play a predominant pathogonic
role in producing a chronic abomasitis.”” The brief description
given by these anthors has been considerably amplified by
Boulenger, on the basis of material in the collection of the
Punjab Veterinary College, Lahore.

The male measures 18-25 mm. in length and about 0-4 mm.
in maximum thickness, the female 23-35 mm. and 0-45-
0:65 mm. respectively. The diameter of the head is about
0:03 mm. The buccal tooth is 0:01 mm. long, and sometimes
projects from the mouth. The cesophagus measures 1-6-
2:1 mm. in length. The cervical papille are situated ab
0:39-0:53 mm. from the anterior end.

The dorsal lobe of the bursa is relatively large, and the stem
of the dorsal ray is at least twice as long as. its branches.
The spiculesare 0:6-0-65 mm. long. The barb of the left spicule
is at 0-038-0-04 mm., that of the right spicule at (0-09-0-1 mm.,
from the tip. The accessory piece measures (-3-0-33 mm. in
length.

The tail of the female is slender and pointed, and is 0-47—
0-58 mm. long. The vulya is situated at 4-5-6-8 mm. from
the posterior end, and is not covered by a flap. There is,
however, a rounded projection of the body-wall on one side
of it. The ovejectors have a combined length of 0-8-1-1 mm.
The eggs measure 0-068-0-07 > 0:04-0-05 mm.

5. Genus NEMATODIRUS Ransom, 1907.

Body markedly tapering and thread-like anteriorly
Cuticle of anterior end slightly inflated. Cuticle of body with
a number of longitudinal ridges. Cervical papille absent.
Anterior end of @sophagus with a small dorsal and two
still smaller subventral teeth. Lateral lobes of bursa typically
bear on their inner surfaces a number of cuticular bosses.
Dorsal lobe reduced to two small lobules, each supported by
a separate ray. Ventral rays close together and parallel.
Postero-lateral ray divergent distally from the other lateral
rays. Spicules slender, relatively long, and united, at least
distally, by a membrane. Accessory piece absent. Tail of
female truncate, usually with a terminal spike. Vulva
typically in the posterior region of the body. Eggs relatively
large (generally over 0-15 mm. long). Adult worms parasitic
in the stomach and small intestine of mammals, chiefly

. herbivores.
Genotype :—Nematodirus filicollis (Rud., 1802).
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Key to Species.

Spicules of male less than 1 mm. long ......... Jilicollis, p. 380.
Spicules of male more than 4 mm. long......... mauritanicus, p. 381.

1. Nematodirus filicollis (Rud., 1802) Ransom, 1907. (Fig. 179.)

Synonyms ;—dAscaris Jilicollis Rudolphi, 1802 ; Trichocephalus
auricularis Rudolphi, 1802 (nec Strongylus auricularie Zeder,
1800); Fusaria filicollis Zeder, 1803; Strongylus filicollis Rudolphi,
1893- nec Molin, 1861 ; (Esophagostomum filicollis Stossich, 1899 ;
Trichostrongylus  filicollis Sluiter and = Swellengrebel, 1912;
Strongylus (Nematodirus) filicollis Hutyra and Marek, 1913;
Nematodirus (Nematodirus) filicollis Neveu-Lemaire, 1914,

HOS!S_ :—This is a cosmopolitan parasite of the duodenum
of ruminants (sheep, goat, ox, deer, chamois etc.) It has
been recorded by Gaiger from the sheep in India.

=1

g

Fig. 179 —Nematodirus filicollis. A, bursa of male, lateral view ;
B, dorsal (d.) and lateral (1) views of tip of spicule. (From
Baylis, after May.)

The male measures about 7-5-15 mm. in length and 0-09-
(0-175 mm. in maximum thickness, the female about 12-21 mm.
and 0-15-0-25 mm. respectively. The diameter of the head
is 0-025-0-06 mm. In the cervical region there are coarse
transverse striations. The rest of the body is without trans-
verse striations, but has 18 longitudinal ridges. The cesophagus
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measures 0-4-0:6 mm. in length. The nerve-ring is situated
at about 0-3 mm. from the anterior end. The excretory
pore is about 0-05-0-07 mm. behind the posterior end of the
cesophagus.

The bursa of the male is large, and the bosses on its lining
are relatively large and elongated. The dorsal lobes are not
very distinet. The rays are comparatively slender. The
spicules measure 0-68-0-95 mm. in length, and each has
a sharply-pointed terminal portion.

The tail of the female is about 0-07-0-08 mm. long, and is
truncate, but has a termina filament measuring 0-012-
0-018 mm. in length. The vulva is situated at about the
posterior third of the body. The combined length of the
ovejectors is about 0-4-0-5 mm. The eggs measure 0-13-
02 0-07-0-09 mm.

9. Nematodirus mauritanicus Maupas and Seurat, 1912.
Synonym :—Nematodirus spathiger of Gaiger, 1910,

Host ~—This species occurs in the small intestine of the
camel (Camelus dromedarius), and was originally record
and described from North Africa by Maupas and Seurat.
Boulenger (1921, 5), who examined specimens labelled N. spathi-
ger in the collection of the Punjab Veterinary College (probably
the specimens recorded by Gaiger), found them to ‘be
N. mauritanicus, and has added a few details to the description
of the female. The fragmentary specimens from a came
recorded by Baylis and Daubney (1923,b) as Nematodirus sp-
very probably belonged to this species. "

The male measures about 13-15 mm. in length and 0-17 mm.
in maximum thickness, the female 20-24 mm. an.d 0-35 mm.
respectively. The cuticle of the head is slightly ylﬁated and
transversely striated. The diameter of the head in the male,
according to Maupas and Seurat, is 0-06 mm., or 0-038 mlln.
without the cuticular inflation. The head of the fgma e,
according to Boulenger, has a diameter of about 0-0;3‘7 l!ll;ls.
In the anterior region of the body the cuticle shows 24 to =
Jongitudinal ridges. + In the female the p_ostwlvx}r regitc;n n;
awithout these, but has transverse striations at Interva '}‘ l(l)
1:5p. The bucecal cavity is small and funnel_-sha,ped.l e
cesophagus is about 0-58-0-61 mm. long, zu}d is club:s mpeti

steriorly. The nerve-ring is situated bchmfl the mlgldlc o
the cesophagus, and the excretory pore a little behind its

sterior end. ; s

The dorsal lobes of the bursa are umped, but scpayatc
from the lateral lobes by deep indentations. The spicules
measure 4:5-5-5 mm. in length, and their terminal portions

are shaped like spear-heads.
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The tail of the female is about 0-1 mm. long, and is truncate,
but has a terminal filament. The vulva is situated a little
behind the middle of the body (at 9-10-5 mm. from the posterior
end). The ovejectors run parallel to each other and posteriorly
from the vulva, and are very unequal in size, one being about
3:2 mm., the other 1-44 mm. long. The eggs measure 0-22—
0-283<0:09-0-115 mm. Their contents are sometimes only
segmenting at the time of laying, but they may, according
to Maupas and Seurat, already contain embryos.

6. Genus MECISTOCIRRUS Railliet and Henry, 1912.

Body markedly attenuated anteriorly. Anterior end with
4 slight vesicular swelling. Cuticle of body with numerous
mconspicuous longitudinal ridges. Cervical papille con-
spicuous and spine-like. Mouth subterminal and slightly
dorsal. Buccal cavity contains a large, lancet-like tooth,
Bursa of male consists of two lateral lobes and a small but
distinct dorsal lobe. Ventro-ventral ray short, slender and
widely divergent from the latero-ventral ray. Latero-ventral
and antero-lateral rays very stout, close together and parallel.
The remaining rays are all slender. Dorsal ray short and
bifurcate distally, each branch having three terminal papilla.
Prebursal papille present. Spicules very long, slender
and united for almost the whole of their length. Accessory
piece apparently absent. Vulva close to the anus, with
prominent, chitinoid Jips. Vagina very long and running
anteriorly from the vulya. Adult worms parasitic in the
alimentary canal of mammals, chiefly ruminants.

Genotype :—Mecistocirrus digitatus (v. Linstow, 1906).

1. Mecistocirrus digitatus (v. Linstow, 1906) Railliet and
Henry, 1912.  (Fig. 180.)

Synonyms :—Strongylus digitatus v. Linstow, 1906 ; Strongylus
Jordii Daniels, 1908 . Strongylus gibsoni Stephens, 1909 ; Nema-
todirus digitatus Railliet and Henry, 1909 Nematodirus fordi
Leiper, 1911 ; Nematodirus gibsoni Railliet and Henry, 1912
Nematodirus (Mecistocirrus) digitatus Reflliet and Henry, 1912 ;
Nematodirus (Mecistocirrus) fordi Railliet and Henry, 1912;
Mecistocirrus fordi Railliet and Heury, 1012 ; Mecistocirrus fordit
Lane, 1916 ; Mecistocirrus tagumai Morishita, 1922.

Hosts :—This species has been recorded as a parasite of the
stomach, and less commonly of the small intestine, of the
zebu, ox, buffalo, sheep, pig and (accidentally) man in
Eastern countries. It was originally recorded by v. Linstow
from the stomach of the zebu (Bos indicus) at Colombo,
Ceylon. The type-specimens, however, are apparently not
now available in the Colombo Museum. Sheather (1919)
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describes what was evidently this species from the fourth
stomach of calves in a dairy herd in India, and states that
the animals showed all the symptoms usually associated with
parasitic gastritis, and that there could be no doubt that the
worms were responsible for their death. Specimens from the
abomasum of a calf, presumably of Indian origin, were also
recorded by Baylis'and Daubney (1923, b).

Fig. 180.—Mecistocirrus digitatus. A, anterior end, lateml.view:
B, bursa of male, lateral view; C. bursa, dorsal view:
D, tip of spicules, (From Baylis, after Yorke and Maple-

stone.)

This species is very variable in size. The male measures
about 16-31 mm. in length and 0-36-0-4 mm. in maximur
thickness, the female 1943 mm. and 0-47 mm. respectively.
The cuticle has fine transverse striations, the intervals between
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which measure not more than 2y, and about 30 longitudinal
ridges. The wsophagus iz club-shaped and about 1-6-1-8 mm.
long. The cervical papille are situated at about 0:-5 mm.
from the anterior end, the nerve-ring at about the anterior
quarter of the @sophagus, and the excretory pore behind
the nerve-ring.

The spicules measure 3-8-7 mm. in length.

The tail of the female is pointed and about 0-14-0-2 mm.
long. The vulva is situated at 0-26-0-6 mm. from the posterior
end, and the vagina is about 2:8 mm. long. The ovejectors
are opposed, but the posterior branch of the uterus immediately
turns forward to run parallel with the anterior branch. The
eggs measure 0:095-0-12 0:05-0-06 mm.

7. Genus OSWALDOCRUZIA Travassos, 1917.

Cuticle of anterior end inflated and transversely striated.
Ventral rays of bursa close together and equal in size. Antero-
lateral ray divergent from, and of about the same length as,
the other lateral rays, which are closely apposed. Externo-
dorsal rays originate from the base of the dorsal ray and are
parallel proximally to the trunks of the lateral rays, but
diverge from the postero-lateral rays distall,. Dorsal ray
long and rather stout, cleft distally, with two pairs of small
accessory branches and several short terminal digitatx:ons.
Accessory pieceabsent. Eggs contain embryos when deposxtf:d.
Adult worms parasitic in the intestine or lungs of reptiles
and batrachians,

Genotype :—Oswaldocruzia subauricularis (Rud., 1819).

1. Oswaldoceruzia filiformis (Goeze, 1782) Travassos, 1917.

Synonyms :—Ascaris filiformis Goeze, 1782; Ascaris tenuissima
Schrank, 1788; Ascaris intestinalis Gmelin, 1700; Ascgris
bufonis Gmelin, 1790, nec Schrank, 1788; Cucullanus rana
Gmelin, 1700 ; Strongylus auricularis Zeder, 1800.

Hosts :—This parasite has been recorded from the intestine
of a number of species of frogs, toads, newts, salamanders
and lizards in Europe. Baylis and Daubney (1923, b) record it
from Bufo melanostictus at Nankouri, Nicobar Islands.

The male measures about 10 mm, in length and 0-18 mm.
in maximum thickness, the female 11-19 mm. and 0-2-
0-25 mm. respectively. The cuticular striations are at intervals
of about 23, The diameter of the head, including the cuti-
cular inflation, is about 0-06 mm., or without the inflation
0-05 mm. The @sophagus is club-shaped and measures
about 0-6 mm, in length and 0-065 mm. in maximum width.
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The spicules of the male are about 0-23 mm. long, and are
divided distally into four or five points, two of which are bifid.

The tail of the female measures 0-5-0-7 mm. in length,
and is truncate, but has a terminal filament. The vulva is
prominent, and is situated at about the posterior fifth or
quarter of the body. The eggs measure about (0:09-0-12 mm.
in length.

APPENDIX TO TRICHOSTRONGYLINZE.
Strongylus costatus Meyer, 1896.

Host :—Indian pangolin (Manis pentadactyla) ; Ceylon.

This species is not sufficiently fully described to enable its
systematic position to be determined, but appears to belong
to the subfamily Trichostrongyline, and is possibly closely
related to the genus Trichoheliz Ortlepp, 1922.

The male, according to Meyer's description, measures
9-2-10 mm. in length and 0-08-0-1 mm. in maximum thickness,
the female 10-5-11-7 mm. and 0-11-0-14 mm. respectively.
The cuticle of the head is inflated, and that of the body
bears about 26 longitudinal ridges. A pair of lateral ala,
which are somewhat T-shaped in transverse section, extend
throughout almost the whole length of the body. A ‘“‘chitinous
mouth-ring ** is said to be present. The esophagus is 0-:5 mm.
long, and the excretory pore is situated at 0-03 [?] mm. from
the anterior end.

The bursa of the male measures 0-12-0-14 mm. in length
and 0-11-0-13 mm. in width. The spicules are tubular, and
are hooked at their tips. They measure 0-15 mm. in length
and 0-02 mm. in thickness.

The tail of the female is 0:11-0:12 mm. long, and is bluntly
rounded, but has a terminal filament 0-015 mm. long. The
vulva is situated at 2 mm. from the posterior end, and the
vagina is very short. The uterine branches are opposed,
anﬁ each has a globular swelling (**seminal vesicle”’) at a dis-
tance of 0:3-0-4 mm. from the vagina. The eggs measure
0-072-0:076< 0:037-0-043 mm.

NEM. 2¢
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17. Family METASTRONGYLIDA Leiper, 1908.

Synonyms :—Pseudaliida Railliet, 1918 ; Protostrongylidee Leiper,
1926.

Buceal capsule much reduced or absent. Bursa of male may
be relatively well developed or vestigial, with a corresponding
degree of development of the bursal rays, some of which, in
extreme cases, may be reduced to mere papille. Parasites
of the respiratory and circulatory systems, and of the cranial
sinuses, of mammals.

This family, as here understood, comprises the * lungworms
not only of terrestrial mammals, but also of Cetacea and
Pinnipedia. There appears to the writer to be no necessity
for the erection of a separate family (Pseudaliidz) for the
lungworms of marine mammals. The differences between the
genera are for the most part merely degrees of reduction in
the bursal rays and in the bursa itself, and it is difficult to
find characters to justify the various subfamilies into which
certain authors have proposed to divide the group.

The family includes several forms which are of some import-
ance as causing disease (verminous bronchitis and pneumonia)
in domestic animals. The life-history of most of the genera
is still unknown, but it has recently been discovered that some
of the forms occurring in domestic animals may make use of
invertebrates as intermediate hosts. It is not yet clear,
however, that an intermediate host is indispensable for any
of them, Some are known to have a direct development in
the open, while it may be strongly suspected that with others
(even among those which sometimes pass through an inter-
mediate host) prenatal infection can oceur. It appears
extremely probable that in the case of marine hosts this is the
general rule.

Key to Genera,

Adult worms (imperfectly described) in

nodules in the respiratory organs of dogs. OsLERUS, p. 395.
Bursa of male with two separate dorsal

TRYB . o oiss aaioiasiodoirseasseessosseensssan 1.
Bursa with a single stout dorsal ray having
short terminal digitations ... ..., 2
1. Dorsal rays with simple terminations;
spicules of male long and slender, with [p. 387.
hooked tipa . NG S G R s s e METASTRONGYLUS,
Dorsal rays with bidigitate or tridigitate
terminations ; spicules short and stout .. DicTyoCAULUS, P 380,
2. Posterior end of male with a bow-shaped [p. 304.
chitinoid supporting structure . ......... PROTOSTRONGYLUS,
Posterior end of male apparently without [p- 392.

bow-shaped supporting structure ..... .., VARESTRONGYLUS,
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1. Genus METASTRONGYLUS Molin, 1861.

Mouth with two lateral trilobed lips. Bursa small ; its
greatest dmrpeter antero-posterior, and its wall thickened
in the posterior half. All the bursal rays very stout, except
t~h_e dorsal and externo-dorsal, which are small and thin.
Tip of latero-ventral ray curves away from ventro-ventral
ray. Termination of antero-lateral ray typically forms
a large, lobulated swelling. Postero-lateral ray represented
by a small branch arising from the medio-lateral ray. The
latter may also have a swollen termination. Spicuics long
and slender, each with a striated ala and ending in a single
Look. Posterior end of female recurved ventrally. Vulva
immediately in front of anus. Uterine branches parallel.
Eggs contain embryos when laid. Adult worms parasitic in
the respiratory passages of Suide and, accidentally, of other
mammals. ‘

Genotype :—Metastrongylus elongatus (Duj., 1845).

1. Metastrongylus elongatus (Duj., 1845) Railliet and Henry,
1911. (Fig. 181.)
saris bronchi-

Synonyms :.-—Ascarix apri Gmelin, 1790 (part); Asc

orum suis Modeer, 1791 ; Fusaria apri Zeder, 1803 (par'—)}
Gordius pulmonalis apri Rudolphi, 1809 (part) ; Strongylus ’8';;;'
1

Rudolphi, 1809 (part); Strongylus paradoxus Mehlis,
(part); Strongylus elongatus Dujardin, 1845 ; Strongulus Tonge-
inatus Molin,

vaginatus Diesing, 1851 : Metastrongylus longevagt

1861 ; Metastrongylus paradozus Molin, 1861; Eustrongylus
longevaginatus Dunglison, 1874; Strongylus apri Blanchard,
1895 ; Cloacina octodactyla v. Linstow, 1806 ; Sclerostoma aprt
Braun and Lithe, 1910 : ¢ Filaria trachealis Cobbold, 1864,

Hosts :—This species occurs in the bronchioles, and more
rarely in the bronchi and trachea, of the pig, wild boar and
peccary. It is also oceasionally recorded in man, the dog
and various ruminanfs (ca,t.t.lc,‘shcep, goat, and deer). 'In
pigs it gives rise to a verminous bronchitis, sometimes leading
to pneumonia, which may be fatal to young animals. The

arasite is of world-wide distribution. Baylis and Daubney
(1923,b) record fragmentary material of this species, from
the bronchi of a pig, in the collection of the Zoological Survey
of India, but it is uncertain whether the specimens were of
Indian origin.

The male measures 11-25 mm. in length and 0-1-0-225 mmn.
in maximum thickness, the average thickness, according to
Lewis (1926), being 0-14 mm. The female measures 12-58 mm.
and 0-4—0-45mm. respectively, The cesophagus is 0-5-0-63 mm.

long.
The dorsal ray of the bursa, consists of two separate portions.

The male has a well-developed genital cone. The spicules
202
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are equal or subequal in length, and measure 2-5-5 mm.
There is no accessory piece.

_ The posterior end of the female is often bent ventrally
into a hook. The tail is 0-09 mm. long and is suddenly
narrowed, with its tip curved ventrally. The vulva is close
to the anus and js preceded by a prominent swelling. The
vagina is about 2-3 mm. long. The eggs have an ?wemge
size of about 0:051<0:035 mm., though measurements up to
0-13¢0-073 mm. have been recorded.

W

O-5mm.

e ———

/’

[
i\ L,..o-ﬂ""“”’o;]
= /’:::L"“"‘ 3

Fig. 181.—Metastrongylus elongatis. A, bursa of male, lateral view :
B, bursa, ventral view : C, posterior end of female, lateral
view : D, tip of spicule. (The scale refers to the figures
above it.) (From Baylis, after Gedoelst.) .

The life-history of this species, according to recent researches
by Hobmaier and Hobmaier, Schwartz and Alicata, and others,
is briefly as follows. The eggs, which contain embryos when
laid, hatch in the bronchi of the host. The larve, on reaching
the ground with the feeces, are swallowed by earthworms
(species of Lumbricus and Helodrilus). They enter the blood-
vessels of the worms, and there continue their development,
undergoing two moults, The third (infective) stage is reached
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in about a week or ten days. Pigs may become infected by
swallowing earthworms, but it has been found that the
infective larve are capable of living for about two weeks
after the death of the earthworm. It appears, therefore,
that they may also be picked up from the soil. On reaching
the intestine of the final host, the larvae migrate to the lungs,
where they reach the fourth stage in about five days, and
become sexually mature within a period varying from three
to eight weeks after infection. There seems to be a possibility
that prenatal infection may oeccur, since pigs only three
weeks old have been found to be infested.

9. Genus DICTYOCAULUS Railliet and Henry, 1907.

Mouth surrounded by four lip-like structures, two lateral
and larger than the other two, which are dorsal and ‘jent.x"al.
A very shallow buccal capsule present, with a chitino_lt! ring
atits base. Bursa of male short. Antero-lateral ray originates

separately from the other lateral rays. Medio-lateral an
] rt of their

postero-lateral rays fused, at least for the greater pi the
length. Externo-dorsal rays originate separately from t
rtions Wi

dorsal ray, which consists of two separate po "
bidigitate or tridigitate terminations. Spicules short, stou
and simple, showing a reticulate structure. An accessory
piece present. Vulva near the middle of the body. pw”“(‘]‘
branches opposed. Eggs contain embryos when laid, f“'}'ﬁ
may be without chitinoid shells. Adult worms in the bron¢
of herbivorous mammals.
Genotype —Dictyocaulus filaria (Rud., 1809).

Key to Species.

Parasite of horse tribe and tapir .....ooee0e- arnfields, p- 392
Parasites of ruminants . .. ... ...cooetaeesins 1.
1. Spicules of male between 0-3 mm. and -6 mm. W
o JOnE sl et Jfilaria, p. 389.
Spicules of male less than (-3 mm. long ...~ i ik
2. Spicules about 0:2 mun. long L ...oeseerereres viviparus, p. v
unequalis, p-. 391

Spicules only slightly less than 03 mm. long ..

* 1. Dictyocaulus filaria (Rud., 1809) Railliet and Henry, 1907.
(Fig. 182).
Synonyms :—Strongylus filaria Rudolphi, 1809 ; Selerostoma Jilaria
)Bmﬁn and Lithe, lﬂloj; » Strongylus dorcadis Rudolphi, 1819.
Hosts :—This species occurs in the sheep, goat and camel,
and is of cosmopolitan distribution. It occurs _nlso in various
wild ruminants (deer, chamois, ete.). According to Gaiger
(1910; 1915), this parasite is very common in sheep on marshy
land and near rivers in India. It is recorded also by him
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from the camel in the Punjab. This worm is the common
cause of verminous bronchitis (“ husk” or “ hoose ) in
heavily-infested animals.

The male measures about 30-80 mm. in length and 0-4 mm.
in maximum thickness, the female about 50-100 mm. and
0-45 mm. respectively. The head is blunt, and has a diameter
of about 0-12 mm. The aesophagusis club-shaped, and measures
1-2;')—111-4 mm. in length and about 0-09-0-13 mm. in maximum
width.

The spicules of the male measure about 0-32-0-57 mm.
in length, and are relatively broad, alate and somewhat

boomex:ang-shnped. They are of a dark brown colour and
have pitted or reticulate surfaces.

FRM.
Fig. 182.—Dictyocaulus filaria. Posterior end of male: lateral view.
{From Baylis, after Neveu.Lemaire. ) -

The tail of the female is pointed and measures about
0-47 mm. in length. The vulva has rather prominent: lips,
and is situated at about the posterigp 2/5 of the body. The
eggs measure 0-116-0-138 < 0-069-0-09 .

The life-history of this species, briefl V described, is as follows.
The eggs hatch in the Iungs of the host, and the first-stage
larvae are swallowed and passed in the faces, They undergo
the first moult about a day after hatching, but the cuticle is
retained until the second moult. This occurs in about six
to ten days, according to temperature, and the third (infective)
stage is thus reached. In this stage the worm may live in
the open for about six months, and is very resistant to drying

and low temperatures. It is unable to penetrate the host’s
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skin, but direct infection takes place if the larva is swallowed
with food or water. When the atmosphere is sufficiently
damp, the larve climb up on the grass, especially during
the night or if the weather is dull but warm. Within three
days after being ingested by a suitable host the larva enters
the lymphatics of the intestinal wall, and thence invades the
mesenteric lymphatic glands. Here it undergoes a further
moult about four or five days after infection. By about the
tenth day the fourth-stage larva migrates to the lungs and
enters the bronchioles, where the last moult oceurs. Sexual
maturity is reached within about six weeks from the time of
infection. Young animals may be infected prenatally.

2. Dietyocaulus unequalis Bhalerao, 1932.

Host -—This species is recorded by Bhalerao from the
bronchi of a Tibetan sheep (Ovis hodgsoni) at Muktesar,
United Provinces. The animal had been suffering from
pneumonia.

There are very few characters in Bhalerao’s description
which show a clear distinction from D. filaria. The smaller
size of the spicules of the male, and the position of the vulva
in the female, however, may prove to be valid specific charac-
ters when further specimens are obtained.

The male measures, according to Bhalerao, 28 mm. in length
and 0-3 mm. in maximum thickness, the female 64 mm. and
0-43 mm. respectively. The buccal capsule measures 0-017—
0-018 mm. in length and 0-023-0-032 mm. in width. The
cesophagus is 1'1 mm. long in the male and 1:23-1-37 mm.
in the female. The nerve-ring, in the male, is situated at
0-23 mm. from the anterior end.

The bursa is 0-28 mm. wide. The spicules are reticulate
and measure 0-28-0-29 mm. in length. The accessory piece
is 0-1 mm, long.

»The tail of the female is 0-57 mm. long. The vulva has
prominent lips and is situated at 29 mm. from the anterior
end (i. . somewhat in front of the middle of the body). The
eggs measure 0-1-0-123 < 0-061-0-073 mm.

3. Diclwggaulus viviparus (Bloch, 1782) Railliet and Henry,
907.

Synonyms :—0Uordius viviparus Bloch, 1782 ; Ascaris vituli (Gmelin,
1790 ; Fusaria vituli Zeder, 1808 ; Strongylus vitulorum Rudolphis
1809 ;  Strongylus micrurus Mehlis, 1831 ; Metastrongylus
micrurus Sluiter and Swellengrebel, 1912 ; Dictyocaulus micrurus
Railliet, 19156 : ? Strongylus pulmonaris Ercolani, 1859.

Hosts —This species is a cosmopolitan parasite of the
bronchi of cattle and deer, and frequently has effects similar
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to those of D. filaria. It has beenrecorded from the ox in the
Punjab by Gaiger.

The male measures about 40 mm. in length, the female
about 60-80 mm. The medio-lateral and postero-lateral
rays of the bursa are entirely fused. The spicules are
0-195-0-215 mm. long. The vulva is situated in the posterior
quarter of the body. The eggs measure 0-082-0-088 x 0-033—
0-038 mm.

The life-history of this form is similar to that of 1. filaria,
but the larvae may reach the infective stage in the open in as
short a period as four days.

4. DicltyOcaulus arnfieldi (Cobbold, 1884) Railliet and Henry,

Synonyms —Strongylus arnfieldi Cobbold, 1884 ; Metastrongylus
amfieldi Sluiter and Swellengrebel, 1912 ; Strongylus  (Dictyo-
caulus) arnfieldi Hutyra and Marek, 1013,

Hosts :—This species is a parasite of the horse and donkey
in Europe and elsewhere. It has also been recorded from
the Malay tapir (Tapirus indicus) in France by Railliet and
Henry. Gaiger records its occurrence in a horse in the
Punjab.

The male measures 25-36 mm. in length and about 0-25 mm.
in maximum thickness, the female 43-60 mm. and about
0-4 mm. respectively. The cesophagus is club-shaped and
measures, in the female, about 0:75 mm. in length and 0-15 mm.
in maximum width. The nerve-ring is situated at about
the middle of the @sophagus, and the excretory pore just
behind the nerve-ring.

The ventral rays of the bursa are fused for the greater part
of their length, as are also the medio-lateral and postero-
lateral rays. The antero-lateral ray is separate from, but close
to, the other lateral rays. The dorsal ray has a main stem
and two simple terminal branches. The spicules are some-
what club-shaped and measure about 0-2-0.25 mm. in length.
They bhave a vacuolated structure. The accessory piece 18
about 0-05 mm. long.

The tail of the female is about 04 mm. long, and is bluntly
pointed. The vulva is situated just in front of the middle
of the body. The eggs measure (-08-0-1 » 0-05-0-06 mm.

3. Genus VARESTRONGYLUS Bhalerao, 1932.

Mouth surrounded by four lip-like structures, two lateral
and larger than the others, which are dorsal and ventral.
Bursa small.  Ventral rays stout and fused except at the tips.
Lateral rays relatively slender. Antero-lateral and medio-
lateral rays widely divergent. Postero-lateral ray represented
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by a small branch arising from the medio-lateral ray. Externo-
dorsal rays originate independently of the dorsal ray, which
consists of a stout trunk with short terminal digitations.
Spicules fairly stout, bifid distally and provided with striated
ale. A gubernaculum and a telamon present; the latter
said to consist of two chitinoid structures with a swelling
at their base. Vulva close to anus, covered by a cuticular
flap. Uterine branches parallel. Oviparous. Adult worms
parasitic in the bronchi of ruminants.
Genotype :—Varestrongylus pneumonicus Bhalerao, 1932.

1. Varestrongylus pneumonieus Bhalerao, 1932.

Hosts :—This species is recorded by Bhalerao from the
bronchi of the Himalayan ibex (Capra sibirica), great Tibetan
sheep (Ovis hodgsoni) and ** hill sheep ” (Bharal or blue wild
sheep, Ovis nahura) at Muktesar, United Provinces.

The male measures 17:6-24 mm. in length and about
0:17-0-19 mm. in maximum thickness, the female 19-6-28 mm.
and about 0-18-0:19 mm. respectively. The cuticle appears
smooth. The buccal cavity is very feebly developed or
absent. The cesophagus iz club-shaped and measures (-34—
04 mm. in length. The nervering is situated at 0-17-
0:18 mm. from the anterior end of the eesophagus in the male,
and at 0-19-0-25 mm. from the same point in the female:
The excretory pore is at the leyvel of the nerve-ring or somewhat
behind it.

The bursa of the male has relatively large lateral lobes and
a small dorsal lobe. The dorsal ray is stout and ends in five
digitations. The externo-dorsal rays do not reach the edge
of the bursa. The postero-lateral ray is very small, and origi-
nates as a branch of the medio-lateral ray. The antero-lateral
ray arises separately from the medio-lateral and diverges
widely from it, reaching the edge of the bursa. The ventral
rays are stout and are fused for the greater part of their
length. The spicules measure 0-29-0-57 mm. in length.
They are provided, on their inner surfaces, with transversely-
striated alw which overlap in the middle portion. The tips
of the spicules are bifid. There is a somewhat spindle-shaped
gubernaculum, which “ has two pairs of lateral processes,
one situated at the extreme posterior end is very short and
the other, which is about three times as long as the first,
is situated at a distance of about 0-02 [mm.] in front of the
former. Besides the gubernaculum there are two chitinoid
structures with a swelling at their base which form the telamon.
It measures 0:026-0:027 [mm ] in length.”

The tail of the female tapers rapidly to a point and measures
0-04-0-045 mm. in length.  The vulva is situated at a distance
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of 0:04-0-06 mm. from the anus, and has prominent, lips.
 Inserted immediately anterior to the vulva and disposed
posteriorly is a cuticular valve measuring 0-065-0-08 [mm.] in
length. It covers the vulva and the anus ventrally.”” The
vagina is about 1-41 mm. long. The eggs have very thin
shells and measure 0-057-0-08 < 0-03-0-043 mm.

4. Genus PROTOSTRONGYLUS Kamensky, 1905.
Synonym —Synthetocaulus Railliet and Henry, 1907.

Very slender forms, reddish during life. Posterior end of
body in male has a bow-shaped chitinoid supporting structure.
Lateral rays of bursa originate from a common trunk. Medio-
lateral and postero-lateral rays parallel and partly fused.
Externo-dorsal rays originate separately from the dorsal ray.
The latter consists of a stout trunk with short terminal
digitations. Spicules rather stout, striated or pectinate, and
simple or divided distally into two processes.  Paired
accessory pieces and a telamon present ; the former consisting
of elongate and parallel chitinoid structures. Vulva close to
the anus. Uterine branches parallel. Eggs unsegmented
when laid. Adult worms parasitic in the smaller bronchioles
and in the tissues of the lungs of mammals,

Genotype :—Protostrongylus commutatus (Diesing, 1851).

1. Protostrongylus rufescens (Leuckart, 1865) Kamensky, 1905.

Synonyms :—Strongylus rufescens Leuckart, 1865 ; Synthetocaulus
risfescens Railliet and Henry, 1907 ; Selerostoma rufescens Braun
and Lihe, 1010 ; Metastrongylus rufescens Sluiter and Swellen-
grebel, 1912 ; Strongylus (Synlhelocoulua) rufescens Hutyra and
Marck, 1913 ; Dictyocaulus rufescens Pratt, 1916.

Hosts :—This parasite occurs in the bronchioles and pul-
monary tissue of the sheep and goat, and also of certain wild
hosts, such as the roe and fallow deer, and possibly the rabbit.
Gaiger records it from sheep and goats in the Pun jab. Vermi-
nous pneumonia is a frequent resulg of heavy infestation with
this worm. ;

The following description is largely taken from Cameron
(1927). The male measures 16-28 mm. in length, the female
25-35 mm. Cameron gives 17-5 mm. as the average length
of the male, and 26 mm. as that of the female. The maximum
thickness varies between (-12 mm. and 02 mm. The cutic.lc
is apparently unstriated. The mouth is surrounded by six
very low papille. The wsophagus is ahout 0-25 mm. long,
and has a maximum thickness of 0-04 mm. It is very

slightly swollen posteriorly. The excretory pore and nerve-
ring are situated just in front of this swelling. The cervical
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papills are minute, and are situated at about the middle of

the cesophagus. There are very long and conspicuous cervical

gf)z:lnds, which extend for about one-sixth of the length of the
y-.

The body of the male is truncate posteriorly, and has two
stout, crescentic, dorso-lateral cuticular plates which serve as
supports for the bursal membrane. The ventral rays are short,
but reach the margin of the bursa. The antero-lateral ray is
shorter than the other lateral rays, all three of which are close
together. The externo-dorsal rays terminate some distance
from the edge of the bursa. The dorsal ray is represented
by a spherical mass, on the inner surface of which there are
six papille (three posterior, two median and one anterior).
The spicules measure about 0-24-0-265 mm. in length. Each
consists of “ a central cuticular tube and a voluminous spicular
sheath,” and ends in a blunt point surrounded by a colourless
cuticle. ** From the ventral aspect of each spicule arise two
series of digitations which carry the spicular sheath: the
median row of digitations are relatively long, whereas the
lateral Tow is short. These digitations are finely granular,
are of irregular shape and often bifurcate.” The accessory
pieces (termed by Cameron the telamon) are about 0:05-
0:06 mm. long, and are partly fused anteriorly. Their hinder
portions are pigmented and carry four or five blunt teeth on
their inner surfaces distally. The telamon (** gubernaculum ”
of Cameron) is situated at about 0-3 mm. from the cloacal
opening, and consists of ““a flat arc-shaped plate of a dark
brown colour with its concave side on the posterior aspect.
Attached to the ventral surface is a central keel which often
bifurcates distally, and on either side of which pass the spicules.”

The tail of the female is bluntly pointed. It is about
0-06 mm. long, and bears a pair of small papille. The vulva
is situated at about 0-15 mm. from the posterior end. The
vagina is about 0-6 mm. long. The eggs measure 0-075-0-12X
0-045-0-082 mm. :

5. Genus OSLERUS Hall, 1921,

» The genotype of this genus is so imperfectly known that it is

almost impossible at present to draw up a generic diagnosis.
Skrjabin (1933) regards Oslerus as a subgenus of Filaroides
v. Beneden, 1858. The position of the vulva and the arrange-
ment of the female genital tubes in Oslerus appear to be in
marked contrast with the corresponding structures in the
genotype of Filaroides, while many of its other importfmt
characters have not been adequately described. The writer
feels, therefore, that the wisest course for the present is t©
treat Oslerus as an independent genus.
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1. Oslerus osleri (Cobbold, 1879) Hall, 1921.

Synonyms :—Strongylus canis bronchialis Osler, 1877; Filaria
osleri Cobbold, 1879 ; Pscudalius osleri Railliet, 1915 s Filaroides
osleri Skrjabin, 1933.

Hosts -—This parasite occurs in nodules under the mucous
membrane of the trachea and bronchi, and apparently also
in the lung-tissue, of dogs, each nodule containing several
worms. It has been recorded also from the coyote or prairie
wolf (Canis latrans) in North America. Gaiger has recorded
it from dogs in India.

The male measures 4-5 mm. in length, and is very slender.
The female is stouter and 6-15 mm. long. The tail of the
male is rather blunt, and bears a pair of fleshy papill near the
cloacal aperture. The spicules are slightly unequal, measuring
0-048 mm. and 0:056 mm. in length.

The tail of the female is rounded. The vulva is situated
very close to the anus. The eggs are said to hatch in the
uterus.
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Angiostomum, 214.
Anguillula aceti, 16.
Anguillulina, 226.
Anguillulinide, 9. 16,
225

(Doch-

Anguillulinine, 225.

Anguina, 226,

angusta (Anguillulina),
229,

angusticolle  (Porro-
¢iecum), 71,

“"Q‘lwﬁcoflia (Ascaris),
i1,

angustus  (Tylenchus),
229,
Anisaking, 9, 66.

annandalei  (Zanclo-
phorus), 174.

anoura (Ascaris), 49.

anoura (Polydelphis),
49.

Antholaimus, 234,

anthropopitheci
terobius), 191,

anthropopithec: (Oxyu-
ris), 191,

apiostomum ((Eso-
phagostomumy), 300.

Aphelenchulus, 226,

Aplectana, 200.

apri (Ascaris), 387,

apri (Fusaria), 387.

apri (Sclerostoma), 387«

apri (Strongylus), 387,

aquille (Ascaris), 83.

arcuata (Kathleena), 81.

ardew (Ascaris), 73, T4.

arde (Porrocieum),
3.

arenaria  (Anguillda),
232.

arenarvius  (Tylenchus),
232,

armatm (Piguris), 248.

armatus (Strongylus),
248,

armatus major ( Strongy-
lus), 248,

arnfieldi  (Dietyo-
caulus), 392,

arnfields ( Metastrongy-
Tus), 392.

arnfieldi  (Strongylus)
302,

Ascaridas, 5, 17, 24, 34.

Ascaridia, 133.

Ascarine, 35.

Ascaris, 3, 7, 17, 2L

{(En-

Ascaris sp.. 43,
Ascaroidea, 33, 34.
Asifia, 259.
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asininus  (Strongylus),
248,
asperum  {(Esophago-
stomum), 297,
Atractide, 206,
Atractis, 207.
attenuata (Ascaris), 49,
51.
attenuata (Polydel-
phis), 51.
Atylenchus, 226.
auricularis (Trichoce-
phalus), 380,
auricularis  (Strongy-
lus), 384,
Austronema, 236.
Azonchium, 234,

bug.sticoln (Ascaris),
5.

balistis (Ascaris), 92.

balistis (Contracwe-
cum), 92,

balsami  (Dochmius),
320.

barbata (Urolabes), 230,

barbatum (Symploco-
stoma), 239,

barbatus  (Enoplus),
‘)l -

barbi- (Falcaustra), 165.

barbi  (Spironoura),
165,

Bathmostomum, 343,

baylisi (Thelandros),
194.

Belanisakis, 66,

Belascaris, 58,

bengalensis  (Kalice-
phaluy), 347.

beramporia (Hetera-
kis), 119. 122,

bifaria (Ascaris), 36,

biformis (Tylenchus),
l)-)8

biramosum ((Fsophago-
stomum), 306.
blanchardi ((Esophago-
stomum), 300, 302.
bosia (Heterakis), 116,
Bosicola, 201, 305.
boulengeri (Pseudami-
dostomum), 359,
Bourgelatia, 288,
Bourgelatioides, 305,
bovis (Bunostomum),
334
bovie ((Fsophagosto-
mum), 306,

ALPHABETICAL INDEX.

brachycephalus (Kali-
cephalus), 350.
bmc;’hyclm'loa (Ascaris),

brachycheilos (Poly-
delphis), 52.

brachyura (Ascaris),
109,

brachyurus (Tylenchus),
230.

braziliense (Agehyla-
stoma), 321.
braziliense (Ancylo-
stoma), 319, 321.
braziliense (Ancylosto-
mum), 321,
braziliense  (Ankylo-
stoma), 321,
brz;:;‘lfermis(U neinaria),
brevieauda (Triodonto-
phorus), 255.
brovicaudatus (Crosso-
cephalus), 210,
brevicaudum ((Eso-
phagostomum), 204,

brevispiculata (Spiro-
noura), 170.

brigantiaca (Ostertagia),
369,

bronchiorum suis (As-
caris), 387,

bufonis (Ascaris), 384,

Buissonia, 278,

Bunostomum, 331,

Bustomum, 331,

Caconema, 231,
calicatiforme (Cylico-
stomum), 265.
calicatum (Cyathosto-
mum), 267,
calicatum (Cylichnosto-
mum), 267,
calicatum (Cylicosto.
mum), 267,
calieatum  (Trichane.
ma), 267.
calicatum Var. jninus
(Cylicostomum), 267.
calotis (Slmugyluria).
145.
Camelostrongilus, 366,
canina (Uncinaria),
320,
caninum  (Agehylo.
stoma), 320,
caninum (Anchylo.
stomae), 320).

caninum  (Ancylosto-
. ma), 319, 320.

caninum (Ancylosto-
mum), 320,

caninum (Ankylo-
stoma), 320.

caninum (Ankylosto-
mum), 320.

caninwm (Sclerostoma),
320.

caninus (Strongylus),
320.

canis (Ascaris), 62,

canis bronchialis
(Strongylus), 396.

canis (Lumbricus), 59.

canis (Strongyloides),
216.

canis (Toxocara), 59.

Capillaria, 29.

Capillaria gastrica, 23.

capillaris (Strongylus),
372,

cati (Ascaris), 60, 62,

cati (Belascaris), 60,

catinatum (Cyathosto-
mum), 273.

catinatum (Cylichnosto-
mum), 273.

catinatum (Cylicosto-
mum), 273.

catinatum  (Trichone-
ma), 273.

catinatum var, pseudo-
catinatum  (Tricho-
nema), 273, 274.

caudata (Helerakis),
121.

cebus (Strongyloides),
220. k

cecidoplastes (Anguil-
lulina), 231.

Cephalostrongylusg, 372.

Cerascaris, 79.

cernua (Uncinaria),
331.

cernuum  (Ankylo-
stoma), 331. d

cernuwm  Ankylosto-
mum), 331. )

cernuus (Dochmius),
331.

cornuns (Monodontus),
331.

cernuus (Strongylus),
331.

cervicornis (Strongylus),
367,

cervinus (Hamonchus),
374,



ceti (Odontobius), 16.
Ceylancylostoma, 321,
322.
ceylanica (Ascaris), 83.
ceylanicum (Agehylo-
stoma), 321.
ceylanicum  (Aneylo-
stoma), 321.
ceylanicum (Ankylo-
stoma), 321.
ceylonica (Ascaris), 83,
Chabertia, 308.
chammleonis (Strongy-
luris), 142,
Characostomum, 328,
chilkensis  (Oncholai-
mus), 243.
chiloseyllii (Kathlania),
160.
Chitinotylenchus, 226.
Choniangium, 259,
Choniangium sp., 261.
Chromadora, 243,
Chromadorella, 243.
Chromadorina, 243,
Chromadorissa, 243.
Chromadorita, 243.
circularis  (Ascaridia),
141.
circumeineta (Oster-
tagin), 367.
circumeinctus (Strongy-
lus), 367.
Cissophyllus, 181,
clathratum  (Sclerosto-
ma), 341,
clathratus  (Grammoce-
phalus), 341,
clathratus (Strongylus),
341,
cobi
333.
Cochlus, 107,
Codiostomum, 261,
coffeae (T'ylenchus), 230.
colubriformis (Strongy-
{usg). 362,
colybriformis (Tricho-
strongylus), 362,
columba (Ascaridia),
137,
columbae (Ascariz), 137,
columbre  (Heterakis),

{Bunostomum},

137.
columbiana  (Hyposto-
mum), 297,
columbianuwm ((Esopha-
qostoma), 297.
columbianum  ((Eso-
phagostomum), 207,

ALPHABETICAL INDEX,

compar (Ascaridia),
135, 136,

compar (Ascarig), 136.

compar (Fusaria), 136.

compar (Heterakis),
136.

compar (Oxyuris), 205.

conicum ((Fsophagosto-
mum), 295.

connorfiliit  (Globoce-
phalus), 328, 329.

conoides ((Esophagosto-
mum), 295,

Conoweberia. 201.

contortug (Hwemon-
chus), 374.

contortus (Hamonchus),
378.

contortus (Strongylus),
308, 374,

Contracacum, 24, 79.

Contracecum, larval
forms of, 92.

convolutus (Strongy-
Tus), 366.

co;lxhotis (Spinicauda),

47.

coronala (Ascaris), 81.
coronatum (Cyathosto-
mum), 270,
coronatum (Cylicknosto-
mum), 270,
coronatum (Cylicosto-
mum), 270.
coronatum (Trichone-
ma), 270,
Cosmocercine, 200.
costatus  (Strongylus),
385,
crassa (Ascaris), 69.
Crassisomo, 328,
ﬂ‘t:;‘;um (Porrocwecum),

crenwlata (Ascaris), 62.
Criconema, 235.

eriniformis (Ascaris),
337.

criniformis (Strongy-
'lus), 337.

cristata  (Ascaridia),
130,

cristata
130,

Crossocephalus, 209.

Cruciata (Atractis), 208.

Crizia, 179,

curcatum  ((Esophago-
Stamum), 291, 307.

eurvatus  (Bosicola),
307.

(Heterakis),
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curvula (Lepturis), 185.
curvula (Oxyuris), 185.
Cuathostomum, 264.
Cylichnostomum, 264,
Cylicocercus, 272.
Cylicocyclus, 271.
Cylicostephanus, 265.
Cylicostomias, 268.
Cylicostomum, 268.
Cylicostomum, 264.
cymatostomum (Cylich-
nostomum), 275.
cymatostomum. (Cylico-
stomumy), 275.
cynonycteridis  (Asca-
ris), 108.
Cystocephalus, 328.

dactyluris (Atractizs),
207.
dactyluris var. grant-
losa (Atractis), 207.
dahomensis (Heterakis),
123.
decrusi (Decrusia), 2562,
Decrusia, 251.
Delafondia, 251.
Deletrocephalus, 261.
delicatus  (Trichostron-
guylus), 362,
delphini (Ascaris), 87.
dentatum  (Bunosto-
mum), 333,
dentatum ((Esophago-
stomuimn), 292,
dentatum (Sclerostoma),
292, 310.
dentatus (Stephanu-
rus), 310,
dentatus  (Strongylus),
202, 310.
Deontostoma, 244,
depressa (Ascaris). 70.
depressa (Fusaria), 70,
depressum  (Porrocae-
cum). 70.
Desmodorinae, 244,
diadonis (Raphidasca-
ris), 68.
Diaphanocephalida,
344
Diaphanocephalus $pe
345, 356,
Dictyocaulus, 389,
diducta (Bourgelatia),
288. »
digitatus  (Mecistotir-
rus), 382,
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digitatus (Nemato-
dirus), 382,

digitatus  (Strongylus),
382,

dilatatum  ((Esophago-
stomum), 306.
dilatatus  (Strongylus),
J06.

dimidiatus (Deloh-o-
cophalus), 262.

dim 1({ iatus (Strongylus),
262.
Du;;tophymoidca. 9,

Liipeltis, 240.

Diploodon, 317.

Diplopeltis, 240.

Discolaimus, 234.

Doclimius, 336.

Dochmoides, 336.

Dolichodorus, 226.

dorcadis  (Strongylus),
3840,

Dorylaimellus, 234,

Dorvlaiminm, 233.

Dorylaimus, 234,

Dorylaimus 8p., 234.

Doryllium, 234,

Dujardinia. 95,

duodenale (Agehylosto-
wna), 318,

duodenale (Agchylosto-
mum), 318.

duodenale (Aneylosto-
ma), 318,

duodenale  (Ancylosto-
mumn), 318,

duodenale  (Ankylosto-
ma), 318.

duodenale  (Ankylosto-
mum), 318.

duodenale(Sclerostoma),
318,

duodenalis (Dochmius),
318,

duodenalis  hominis
(Dochmiua), 318.

duodenalis (Strongylus),
318,

duodenaliz (Uncinaria),
318.

duodenajajunale (Anky-
lostoma), 318.

edentatum  (Sclerosto-
ma), 250,
edentatus (Strongylus),

249, 250.

ALPHABETICAL INDEX.

elephanti (Strongylus),
60,

elephantis (Ascaris), 60.

elephantis indici (Stron-
gylus), 60.

elephantis (Strongylus),
60

olop};nntis (Toxoecara),
60,

clongatus (Kalicepha-
lus), 349.
elongatus (Meta-

strongylus), 387.
elongatus (Strongylus),
387.
Endolaimus, 243.
engonium  (Contraca-
cum), 85.
Enterobius, 188,

epistomum  (Chonian-
gium), 260,

epistomum.  (Sclerosto-
ma). 260.

Epomidiostomum, 360,

equi (Mastigodes), 185.0

equi (Oxyuris), 185,

equi  (Trichocephalus),
185.

equi (T'richuris), 185,

equinum (Sclerostoma),
248,

Equinurbia, 258,

equinus  (Strongylus),
248.
equornm (Ascaris), 39,
equorum  (Parascaris),
39.
equorum  (Strongylus),
248.

erailiar (Diaphanoce-
phalus), 355.

ersiliz (Kalicephalus),
355.

ersiliae (Sclerostomum),
3565.

ersilise( Strongylus), 355,

aschlen (Rhabdma)
215

Ethmolaimus, 243,

Euchromadora, 243,

Eutylenchus, 226,

lz.mrma, 2584,

c.rwua (Meloidogyne),

falcala (Falcaustra),

ﬁxlcata (Spirono 8
168, P ura)

Jalcatum
168.
Jalcatum (Spironoura).
168.

Falcaustra, 163.

Jalcifer (C'ylicostoma),
280).

Jalcifer (Murshidia),
280.

Jalcifer (Strongylus),
280.

faloifera  (Murshidia),
280,

Jaloiferum (Cylico-
stomum), 280,

few (Heterakis), 179.

felis (Strongyloides),
t’l

flana (Ascaris), 44.

filaria  (Dictyocaulus).
389,

(Oxysoma),

filaria (Ophidascaris),
a4,

Jilaria (Sclerostoma),
389,

Jilavia  (Strongylus),
389,

Filariids, 20.
Filarioidea, 11, 13.
Jilicollis (Ascaris), 380.
Jilicollis (Fusaria), 380.
filicollis (Nematodirus),
380.
Jilicollis  ((Hsophago-
stomuin), 380.
Jilicollis  (Strongylus),
380

fi lvcall w8 (T'richostrongy-
Tus), 380.
Sfiliformis(Ascaris), 384.
filiformis (Oswaldo-
cruzia), 384,
Fimbria, 238. »
fimbriatus (Kalicepha-
lus), 345, 354.
jz’mbrmtua (Occ:p:lodo»-

tus), 3
I‘u'nbnlla, 238.
Sfissicollis (Ascarm).

Plorencioia, 163.

Jollicularis (Strongi~
lus), 292,

Sordi  (Mecistocirres),
382.

Sordi (Nematodirus).

" (Mecistocivrus),

fnrdn (.Stmngylua). 382.
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Juligudaw  (Amidosto- Gongylonema neoplas-
mum), 357. ticum, 23.
Silleborni  (Strongy- gongylophis ( Kalicopha-

loides), 220. lus), 348.

Junambulensis (Lati- govindi  (Hetorakis),
buccana), 151. 126.
Fusarella, 188. govindi  (Meteterakis),
Fusaria, 35. 126
gramincarum (Anguil-

{ula), 226.
Grammocephalus, 341.
granvlosa (Ascaridia).

CGlaigeria, 335,

galeocerdonis  (Porro-

cecoum), 77. 133.
galli (Ascaridia), 133, eranulosa  (Atraotis),
galli (Ascaris), 133. 207.
gallina (Ascariz), 112, granulosa (Heterakis),
galline  (Heterakis), 133.

112, 115. Graphonema, 243.
gallopavonis (Ascaris), Grosspiculagia, 370.

133. gulosus  (1'ylenchus),
galloperdicis  (Subulu- 230.

ra), 153.
Galoncus, 323.
gangeticum  (Polyeme-
cum), 102,
gangula (Ganguletera-
kis), 123,
Ganguleterakis, 111,
gastrica (Capillarin), 23.
gavialidis  (Goezia),
107.
yesiri (Ascaris), 16.
gestri (Ophidascaris).
46

Hiemonchus, 373.
~ harmonchus  (Strongy-
{us), 374.
haliaéti (Contracm-
owum), 83.
halichoris (Dujardinia),
9o,

Imlfcoria (Ascaris), 99.
halicoris  (Dujardinia),
R

hamia (Ascaridia), 133.

hamulus  (Heterakis),
123.

harkeri (Strongylus),
366,

gibbosa (Ascaris), 133,

qibsoni  (Nematodirus),
382,

gibsoni  (Strongyius),
382, . hastata  (Heterakis).

pigas (Ascaris), 36. 119,

gigas equi (Ascards), 39,

gigas hominis (Ascariy),
36

gigas suis (Ascaris), 36,

gigas vituli  (Ascaris),

helicina (Ascaris), 96.

ho]:::inn. (Dujardinin),
A0,

hemidactylus (The-
landrog), 196.

41. ) Hemipsilus, 244.
givardi  (Giveterakis),  Henryeila, 278,

125, : Heterakidm, 6, 11, 17,
girardi  (Heterakis), 110,

195. Heterakingm, 110.

thireterakis, 111,

Globocephalus, 328.

globulus (Aseariz), 60,

Goezia, 107.

goldi (Cylichnastomum),
274

Heteralkis, 111, 206,
Heterobollus, 231,
Heterodera, 12, 231.
hexacanthm (Selero-
stoma), 264.
Hexamotra, 48.

goldi  (Cylicostomum), — Hexodontoutomum, 276.
278, Hologania, 13.

goldi (Trichonema),  fiominix (Ankylostoma),
274, 318,
NEM,
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hominis (Rhabdonema).
216.
hominis (Uncinaria),
318,
Hoplolaimus,
Hypostomum, 200,
hypostomum  (Sclero-
stoma), 308, 331.
hypostomum (Sclerosto-
mum), 308,
hypostomus(Dochmins).
308, 331.
hypostomus  (Strongy-
lus), 308.
Hystoracrum, 201,

235,

ibidis (Belanisakis),
67.

Thleia, 201.

imparidentatum
(Poteriostomum),
276.

incognita (Oxyuris),
232.

incurva (Ascaris), 88.

incurvum  (Contrace-
cum), S8.

indica (Heterakis), 115,

indica (Mermis), 225,

indica (Murshidia),
281.
indica (Pterido-

pharynz), 281,

indica (Syphaciella),
203.

indicum (Leptosoma-
tum), 245.

indicum ((Esophago-
stomum), 209,

indieurn  (Thoraco-
stoma), 245.

mdicus  (Kalicepha-
lus), 347.

indicus (Oncholanmus),
243,

indicus (Syngamus),

315,

inflatum  ((Esaphago-
stomum), 3086,
inflatum  var. ovis
((Esophagostoma),
206.

inflatus  (Strongylus)
306,

inflexa (Ascaris), 133,

inflexa (Fusaria), 133.

infleza {Heterakis), 133

infundibulivola (Asca-
ria), 44,

2D
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insigne  (Cylichnosto-
. mum), 271,
mgg;zc (Cylicostomum),

inazi%r]ne (Trichonema),
inggg'ih's (Strongylus),

wntermedius (Triodonto-
phorus), 254.

intestinale (Rhabdone-

. ma), 216.

intestinalis (Anguil.
lula), 216.

intestinalis (Ascaris),
384,

intestinalis (Leptodera),
216. Ceriedag)

intestinalis (Pseudo-
. rhabditis), 218.
m{f;g'nalis (Rhabditis),

intestinalis  (Stercora-
lis), 216.

intestinalis  (Strongy-
loides), 216(. o

lota, 235,

Totonchium, 226.

isollcl)gcho (Heterakis),

Jagerskioldia, 244,
Javanica (Heterodera),
232,

kachuga (Atractis), 213.
kacilgégm (Faleaustra),

kachuge (Monhyste-
rides), 213,

kachuga: (Oxysoma),
168

L-aclmém (Spironoura),
168.

Kalicephalus, 344,

Knlicophalus 8p., 356,

kasauli  (Thelandros),
195.

kashinathi (Bunosto-
mum), 331, 333,

Kathlania, 158,

Kathlaniids, 11, 158,

Kathleena, 79,

kathiena  (Kathlania),
159.

kempi (Zanclophorus),
177.

Khalilia, 282,
Kiluluma, 286.
Krikonema, 235,

ALPHABETICAL INDEX,

labiatum (Cylichnosto-
mum), 270.

labiatum  (Cylicosto-
mum), 270.

labiatum (Tricho-
nema), 270,

laevissima (Ascaris), 39.

lagopodis (Ascaris),
136.
lamellaris  (Typhlo-

phoros), 104.
lanei (Heterakis), 119.
laryncheus (Syngamus),
315.
laryncheus minor (Syn-
gamus), 315,
laryngeus (Syngamus),
315,
Latibuccana, 150,
laverami (Cissophyl-
lus), 181.
Lecanocephalus, 107.
leonina (Ascaris), 62,
leonina  (Toxascaris),
62,
leptocephala
tra), 167.
leptocephala (Spiro-
noura), 167,
leptocephalum  (Spiro-
noura), 167.
Leptodera, 214,
qugplem (Ascaris),

(Falcaus-

Leptosomatides, 244,

leptura (Ascaris), 159,

leptura  (Kathlania),
159.

leptura  (Pseudohetera.
kis), 159,

Lepturis, 185.

lepturum  (Ozysoma),
159.

Libyostrongylus, 362,

limbata (Toxascaris),

2

lineata (Ascaridia), 133.

lineata (Heterakis), 133,

lobulata (Ascaris), 87,

lobulatum  (Contracse.
cum), 87.

Lombricoides. 35,
lonchoptera  (Ascaris),
G0,

lonchoptera(Belascayiy),
60

longecaudata (Hetera.
kis), 112,

longespiculum (Hetsra.
kis), 131,

longespiculum  (Uneci-
naria), 338.

longevaginatus (Fu-
strongylus), 387.

longevaginatus (Meta-

strongylus), 387.
longevaginatus  (Stron-
gylus), 387.
longibursatum (Cylico-
atomum), 265.
longibursatum (Tri-
chonema), 265.
longicaudata (Oxyu-
rig), 205.
longicaudum  ((FKso-
phagostomum), 204.
Longidorus, 234.
longior (Kalicephalus),
348.
longistipes (H@mon.
chus), 378.
longum (Rhabdonema),
‘)')0

longus bowvis (Strongy-
loides), 220.

longus (Rhabdonema),
220.

longus (Strongyloides),
220.

lumbricoides (Ascaris),

lumbricoides  equorum
(Fusaria), 39.

lumbricoides  Jiominum
(Fusaria), 36.

lumbricoides suis (Fu-
saria), 36.

fumbricoides suwm (Fu.
saria), 36.

macintoshii (Oxysoma),
201. ~

macintoshii (Oxysoma-
tium), 201,

macintoshis  (Oxyso-
moides), 201.

maculosa  (Ascaridic),
137. Y

maculosa  (Ascaris),
137,

maculosa (Fusaria),
137.

maculosa  (Heteraks),

137.

major (Syngamus), 315.

malayana (Uncinaria),
322,

malayanicum (Ancylo-
stoma), 322,



malayanum (Agchylo-
stoma), 322.
malayanum
stoma), 322.
malayanum (Ankylo-
stoma), 322,
maplestonei  (Kalice-
phalus), 347.
maplestonei ((Esopha-
gostomumy}, 295.
maplestoni ((8sophago-
stomum), 295,
maplestoni  (Parapha-
ryngodon), 195.
maplestoni (Thelan-
dros), 195.
marginata  {Ascaris),
59.
marginala (Belascaris),
59,
marginata
ris), 62.
mariont {(Anguillula),
232.
marioni
232.
markusi (Hexodonto-
stomum), 276,
Marshallagia, 369.
marshalli (Ostertagia),
369,
mastigoides (Oxyuris),
185.
mastigodes (Oxyuris),
185.
mauritanicus (Nemato-
dirus), 381,
Mecistocirrus, 382,
megalaima (Monhys-
tera), 237,
megalocephala (Asca-
ris), 39,
megaloon  (Oxyuris),
197.

(Ancylo-

(Toxasca-

(Hetorodera),

meissneri  (Mermis),
299
222 :
meleagrine  (Ascaris),

Ineleagris  gallopavonis
(Strongylus). 312,
Meloidogime, 231.
Memphisia, 278,
moentulata  (Osterta-
gin), 372
mentulatus (Camelo-
strongylus), 372.
Mormis, 21, 27, 222.
Mermis sp., 224
Mermithide, 17,
221.

213

Cminimum

ALPHABETICAL INDEX.

Metastrongylide, 386.
Motastrongylus, 387.
Meteteralkis, 111,

M etoncholaimus, 241.
mig;]‘occ*phala (Ascaris),

microcephalum  (Con-
tracmeum), 81,
uu(cir)opfera (Ascaris),

microptera(Toxascaris),
62,

micruris (Thelandros).
192,

micrurus (Dictyo-
caulus), 391.

micrurus (Metastrongy-
lus), 391.

micrurus  (Strongylus),
391.

minima  (Uncinaria),
321.

minimum  (Ancylosto-
ma), 321,

(Anlkylosto-
mum), 321.

minor  (Dipeltis),
240,

minor (Diplopeltis),
240, (Diplop )

minor (Triodonto-
phorus), 254.

- minor  (Triodontus),
254.
minutum  (Cylicosto-

murm), 267.
minutum  (Trichone-
mn), 267.
minutus  (Diaphanoce-
phalus), 351.
minutus  (Kalicepha-
lug), 851.
Monhystera, 236.
Mon]nysterides, 210.
Monodontus, 331.
Monohystera, 236,
Mononchus, 16.
monticelliana  (Hetera-
kis), 121.
morai (Stephanurus),
o (Stey )

Multicsoeum, 100.

multipapillata  {Allo-
dapa), 156,

multipapillats  (Subu-
lura), 156.

murshida (Murshidia),
278

Murshidia, 278.
mystaz (Ascaris), 60.
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mystaz (Belascaris),
60

mysfc.tx (Fusaria), 60.
mystax (Toxocara),

naize (Ascaris), 46.

naiz (Kalicephalus),
351.

naiw (Ophidascaris),

nanwm (Cylicostomum),
265.

nassatum  (Cyathosto-
mum), 272.

nassatum (Cylichnosto-
mum), 272.

nassatum  (Cylicosto-
mum), 272.

nassatum (Trichone-
ma), 272.

nassatum var. parvam
(Trichonema), 272.

nattereri (Stephanurus), -
310.

Necator, 326.

Necatoringe, 326.

neglectus (Aphelenchus),
230.

neglectus  (Strongylus),
248,

Nematevansia, 284.

Nematodirus, 379.

Neoascaris, 35.

neoplastica (Heterakis),
119.

neoplasticam  (Gongy-
lonema), 23. ;

nigrescens  (Mermis),
223

Nygolaimus, 234

obvelata (Syphacia),
199

occidentalis  (Oster-
tagia), 370.

Occipitadontus, 344

ocellata (Chromadora),
244.

ocellata  (Phanoglene),
244,

ocellata (Urolabes), 244

octodactyla  (Cloacind),
387.

oculata (Ascaris), 52

oculata (Polydelphis),
52,

»
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Odontobius ceti, 16.

Odontocricis, 243,
Isophagodontus,
256.

(Eszophagostominge,
290.

(Esophagostomoides,
290, 201,

(Esophagostomurn,
290, 291.

Ogma, 235.

omra (Amira), 282,

onama  (Spironoura),
173.

Oncholaimida, 241,

Oncholaiming, 241.

Oncholaimus, 241,

opeatura (Atractis),
208.

Ophidascaris, 44,

orientalis (Cruzis), 180,

orientalis  (Oxtertagia),
369.

Omithostrongylus, 372,

oslert (Filaria), 396.

- osleri (Filaroides), 396.
oslen (Oslerus), 396.
osleri (Pseudalius), 396.
Oslerus, 305.
os-papillatum (Unci-

naria), 343.
ostertagi (Ostertagia),
366,
ostertagi  (Strongylus),
366.

Ostertagia, 366,

Oswaldocruzia, 384,

ovatum ((Esophago-
stomum), 302,

ovatus  (Strongylus).
302.

ovina (Chabertin), 308,

ovinum (Sclerostomum),
308,

ovinus  (Strongylus),
J08.

ovis (Ascaris), 36.

ovocinctus (Strongy-
loides), 220,

Oxysoma, 158, 179,
200.

Oxysomatium, 200,

Oxysomaides, 200),

Ozyurias, 188,

Oxyuride, 6, 9, 12, 14,
17, 184.

Oxyurina, 184,

Oxyuris, 7, 185.

Oxyuris sp., 204, 205.

Oxyuroidea, 33.

ALPHABETICAL INDEX,

pachyscelis (Gaigeria),
334,

palustris (Dorylaimus),
234,

palustris  (Urolabes),
234.

papillosa  (Ascaris),
112, 121,

papillosa  (Fusaria),
121.

papillosa  (Heterakis),
121,
papillosa (Heterakis),

112, 131.
papillosum
ma), 220,
papillosus  (Strongy-
oides,) 220,
paradoxus  (Meta-
strongylus), 387,
mrl;doc:ua (Strongulus),
487,
Paramonohystera, 236.
Paranisakis, 02,
Parapharyngodon, 192.
Paraquilonia, 284,
Parascaris, 35.
Parasitylenchus, 226.
Paratylenchus, 226.
parisi (Heterakis), 112,
parva (Heterakis), 118.
parvus (Kalicephalus),
347.

(Prichosa-

pastinace  (Ascaris),
92,

pastinace
kis), 92.

pateratum (Cylicosto-
muwm), 275.

pateratum  (Trichone-

" ma), 275,

pavonis (Heterakis),
115.

(Paranisa-

pavonis (PBeudaspidu.
dera), 115, 128,

penctrans  (Tylenchus),
230.

Penzancia, 236,

perniciosa (U neinaria),
323,

perniciosum (Ancylosto.
ma), 323,

perniciosum  (Ankylo.
stomuin), 323,

perniciosus  (Galon.
cus), 323. »

perspicillum  (Ascari.
dia), 133.

perspicillum (Asearis),
133.

verspicillum (Helora-
Kes), 133.
philippinensis
naria), 338.
phlebotomum  (Buno-
stomum), 334,
phicbotomum (Busto-
mum), 334.
phlebotomus (Manodon-
tus), 334,
Physaloptera, 6.
pictus  (Strongylus),
312.
pigmentatus (Strongy-
lus), 365.
pigmentatus (Tricho-
strongylus), 365.
pileata (Amira), 282.
pileata  (Khalilia),
282

(Unci-

piteatum  (COylicosto-
mum), 282,

pinguiola (Sclerostoma),
310

pi;mu icola (Strongylus),
310.

piscicola (Monhysteri.
des), 211.
plagiostomorum  (Asca-
ris), 90,
plagiostomorum (Con-
tracacum), 90,
Pleuromyarii, {.
pluridentatum (Poterio-
astomum), 276.
pneumonicus  (Vare.
strongylus), 393.

poculatum  (Cyathosto-
mum), 268,

poculatum  (Cylichno-
stomum), 268.

poculatum (Cylicosto-

mum), 268, >
poculatum  (Trichone-
ma), 268.
poculum  (Oxyuris),
188.

polaris  (Uncinaria),
337, "'
pollicaris  (Ascaris),
189,
Polycecum, 102,
Polydelphis, 48.
Polydelphis gp., 58.
Polysigma, 243.
Porrocacum, 24, 69.
Porrocmeum sp., 78,
Poteriostomunn, 276.
pratensis  (Anguillu-
lina), 230.



pratensis
230,
primitivus (Strongylus),
312,
primitivus (Syngamus).
312,
Prionoderma, 107,
pristis  (Porrocaweum),
745,
probolurus{Strongylus),
364,
probolurus  (Tricho-
strongylus), 364,
Probstmayria, 182,
Prochromadora, 243.
proevonis  (Tetragom-
phius), 339,
Prooncholaimus, 241.
Proteracrum, 291,
Protostrongylida. 3586.
Protostrongylus, 394,
*seudalitdz, 386.
Prendamidostomum,
359.
Pseudaspidodera, 127,
pseudo-catinatum (Cyli-
costomum), 274,
Preudoheterakis, 158.
Pscudorhabditis, 215.
Pseudogclorostomum,
256.
Pteridopharynx, 278,
Pterocephatus, 200.
Plerygopharyne, 275.
Ptycholaimellus, 243.
pulmonalis apri (Gor-
dius), 387.
pulmonarvis  (Strongy-
lus), 391.
pusilla  (Heterakis),
116.
putaustralis (Helerakis),
119, 122,
pythonis (Ascaris), 49,
5l

(T'ylenchus),

qahdrata (Ascaris), 78,
92,
quadricuspe (Contra-
cacum), Sl
quadridentatum (Sclero-
stoma), 264,
quadrispinulatum
((Esophagostomum),
204,
Quasistrongylus, 261.
quilona (Quilonia), 284.
Quilonia, 284,

ALPHABETICAL INDEX,

radiata (Uncinaria),
334,

radiatum  (Ankylo-
stoma), 3006.
radiatum  (Bunosto-
mum), 334,
radiatum ((Esophago-
stomum), 291,
radiatin ((Esophago-

stomum), 306,
radiatus  (Bosicola),
306,
radiatus
334,
radiatus (Strongylatus),
334,

radiatus  (Strongylus),
306, 334,

radicicola (Caconcma),
232.

radicicola (Heterodora),
999

radicicola (T'ylenchus),
232,

radicola (Anguillula),
232.

radicus (Kalicophalus),
348,

raillieti ((€sophagosto-
mum), 302,

Raillictostrongylus, 328.

rane (Cucullanus), 384,

Raphidascaris, 67.

reniwm (Sclerostomun),
310,

mnm:ci (Evansia), 284.

renniol (Nematevansia),
284,

(Dochmius),

renniel (Quilonia), 284,
Resorbentes, 9
reticulata (Ascaris), 74.
reticulatum  (Porroce-
cum), 74,
Rhabdiasg, 214.
Rhabditidwe, 9, 214.
Rhabditinm, 214,
Rhabdonema, 214, 215.
rhf;‘l(; )(Quaxislrongylua).

robustum (Selerostoma),
256,

robustus  ((Esophago-
dontus), 256

rosarium  (Contrace-
cum), 82,

rosarivs (Ascaris), 82,

rotundicaudata (Axca-
™s), 56,

rotundicandata (Poly-
delphis), 56.
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rubicunda (Ascaris), 44,
51.

rufescens (Dictyocau-
lus), 394,

rufescens (Metastrongy-
lus), 394,

rufescens (Proto-
strongylus), 394.

rufescons (Sclerostoma),
304

rufescens (Strongylus),
304,

rufescens (Syntheto-
caulus), 394.

samoenzig  (Globoce-
phalus), 330.

sangeri (Bathmosto-
mum), 43,

sangeri  (Dochmius),
343,

sangeri (Uncinaria),
343,

sarasinorum (Filaria),
153.

sarasinorum
lura), 153.

scandens (Angudiula),
226.

scandens (Tylenchus),
226.

sciuri (Oxyuris), 204.

sciuri  (Syphacia),
198.

Seclerostoma, 247.

Sclerostomum, 247.

Secernentes, 9.

securiferum  (Psewdo-
sclerostomum), 256.

serpentulus (Ascaris),
73

(Subu-

serratus (Triodonto-
phorus), 254,

serratus (Triodontus),
254,

sewelli (Polydelphis).
4.

simim  (Probstmayris),
183,

nmim
220,

similis
228,

similis
378,

similis
228.

{Strongyloides),
(Anguillulina).
(Hwmonchus),

(Tylenchus).
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sipunculiforme (Cylico-
stomum), 258,
sipunculiforme (Selero-
stoma), 258.
sipunculiformis (Equi-
nurbia), 258.
skrjabini (Amidosto-
mum), 357.
skgjabint  (Ostertagia).
370,
smiti (Gaigeria), 335.
Sonsinia, 147,
spathiger (Nematodi-
rus), 381,
Sphaerularia, 17,
spiculigera  (Ascaris),
79

spiculigerum  (Contra-
caecum), 79, !
Sprlipherella, 243,
Spilophorella, 243,
Spinicauda, 147.
spinosa  (Paeudaspido-
dera), 132,
spinudiferum
stoma), 258,
Spirocerea, 20, 22,
Spironoura, 163,
Spirura, 163,
Spiruridae, 14,
Spiruroidea, 19,
spumosa  (Gangulelera-
kis), 123,
spumoss  (Hetorakis),
By,

(Selero-

squamosa (fota), 235,

squamosus  (Hoplolai-
mus), 235.

Steineria, 236,

stenocephale.  (Doch-
maoides), 357,

stenoeephala (Uncina-
ria), 337.

stenocephalum  ( Anky-
lostoma), 337.
stenocephalum  (Anky-

lostomum), 337.
stenocephalus  (Doch-
mius), 337,
Stephanurine, 309,
Stephanurus, 300,
Stercoralis, 215.
storcoralis (Anguillula),
216,
stercoralis  (Leptodera),
216,
stercoralis  (Pseudo-
rhabditis), 216.
stercoralis  (Rhabditis),
210,

ALPHABETICAL INDEX.

stercoralis
ma), 216.

stercoralis (Strongy-
loides), 216.

stercoralis var. felis
(Strongyloides), 216,
219.

(Rhabdone-

stewarlt  (Falcaustra),
171.

stewarti (Spironoura),
171.

Stomachida, 35.

stroma  (Ascaridia),
140.

stroma  (Heteralis),
140

stroma (Syphacia),
199.

Strongylida, 246,

Strongyline, 247,

Strongyloidea, 2, 6, 8,
11,713, 15, 17, 19,

248.
Strongyloides, 19, 215,
strongyloides  (Anguil-
fula), 216.
sirongyloides  (Lepto-
dera), 216,
strongyloides  (Rhabdi-
tis), 216,
strongyloides  (Rhabdo-
nema), 2106,
Strongyluris, 142,
Strongylus, 247, 248,
stylosa (Heteralkis), 121,
stylosa  (Kiluluma),
287,
sylosues  (Deletrocephe-
(us), 287.
subnigrescens (Mermis),
223,

subtilis (Strongytuy),
362,

subtilis (Tn‘clw«:mnyy.
lus), 362,

subulata ( Atractis), 208,

subulatum (Esophaao-
stomunt), 292, PARY

Subulura, 150,

Subuluring, 150,

suilla (Ascaris), 36,

auillus (Necalor), 8237,

suin (Ascaris), 36,

wuiy  ((Kaophagosto-
mum), 294,

suix (Rhabdonema), 220.

surs  (Strongyloides),
220,

auia (Strongylus), 387,

suwum (Ascaris), 36,

Symplocostoma, 239,
Syngaminm, 312,
Syngamus, 312,
syngamus (Sclerosto-
ma), 312.
Synthetocaulus, 394.
Syphacia, 108,
Syphacia spp., 199.
Syphaciella, 202,

Tachyhodites, 236.
taeniura (Paranisakis),
02,

tagumai (Mecisiocir-
rus), 382,
taylori (Thelandros),
194,
Telogonin, 13,
tmlusicauda (Oxyuris),
e

tenwis (Fimbria), 238,
tenuis (Fimbrilla), 238,
tenuissima (Ascaris),

teres (Ascaris), 133.
teres hominis (Lumbri-
cus). 30,
teves (Lumbricus), 36.
teres vituli (Lumbricus),
41. :
DLerranova, 6.
testudinis (Falcaustra),
164.
testudinis  (Spiron-
oura), 164.
tetracanthum  (Cyatho-
stomum), 269.
tetracanthum (Cylich-
nostomum), 269.
tetvacanthum (Cylicosto-
mum), 269,
tetracanthume  (Sclero-
stomum), 269.
tetracanthus  (Strongy-
us), 269.h' 359
Tetragomphius, 331,
'J'lloxi?llgldmﬂ. 192,
Theristus, 236,
Thoracostoma, 244
tigridis (Ascaris), 109.
tigridis (Fusaria), 109,
Tonaudia, 162. >
tonaudia  (Kathlania),
162. d
tonaudia (Tonaudia),
162,
Toxasearis, 62.
Toxocara, 58.



trachea (Fasciola), 312.

trachea (Syngamus),
312,

tracheale (Sclerostoma),
312,

trachealis  (Filaria),
387,

trachealis (Strongylus),

trachealis (Syngamus),

als,

traguli (Bozgicola), 307.

traguli (Bourgela-
tioides), 291, 307.
traguli  ((Esophagosto-

moides), 291, 304.
traguli ((Esophagosto-
mum), 304,
transfuga (Ascaris),
63

tmns.fuga (Toxascaris),
63.

travancra (Evansia),
286.

travancra (Nematevan-
sia), 286.

travancra  (Quilonia),
286,

travassosi (Ornitho-
strongylus), 373,

Trichinelloidea, &5, 9.
13.

trichiuri (Contrace-
cum), 91,

Trichonema, 264, 265.

Trichoneminge, 264,

Trichostrongylidw, 2,

- 361.

Trichostrongylinae,
361,

Trichostrongylus, 362.

tricollaris  (Bosicola),
3062

tricuspe (Contracme-
cum), 84.

tricuspis (Kathleena),
84

tricuspis (Ostertagia),
369,
tridentatum ((Esopha-
gostomum), 291,303,
trifida (Ostertagia), 370.
trigonocephala (Uncin-
aria), 320, 331
trigonocophatum  (An-
ckyloalomum), 320.
trigonocephalum  (An-
kylostoma), 320, 337.
trigonocephalum  (An-
keylostomum), 320,

ALPHABETICAL INDEX.

trigonocephalum (Bu-
nostormum), 320, 381.

trigonocephalus (Doch-
mius), 320, 337.

trigonocephalus (Mono-
dontus), 331.

trigonocephalus (Stron-
gylus), 320, 331, 337.

trilabium (Ascaridia).
140, 141,

trilabium  (Heterakis),
141

Trilobids, 236.
Triodontophorus, 253,
Triodontus, 253.
triquetra (Ascaris), 59.
triquetra (Fusaria), 59.
tritici  (Anguillula).
226.
tritici (Anguillulina),
226.
tritici (Rhabditis), 226.
tritici (T'ylenchus), 226.
tritiei (Vibrio), 226,
Trypanozyuris, 188,
tubaforme (Ankylosto-
mum), 320.

tubgformis  (Stron-
aylus), 320, 323.
tubzformis  (Unein-

aria), 320.
turnicis (Subulura),
154

Tylelenchus, 226,
Tylenchida, 225.
Tylenchorhynchus, 226.
Tylenchus, 226.
Typhlophoros, 104.

Uncinaria, 336.

tnematum (Epomidio-
stomum), 360.

uncinatus (Strongylus),
360. { g

unequalis  (Dictyo-
caulus), 391,

uria.  (Monhystera),
237.

wrosubulatum
soma), 328,

urosubulatus (Globo-
cephalus), 328.

(Crassi-

varani (Africana), 149,
\'Ml';l’lr:l {Amplic@cum),

407

varedatus (Grammoce-
phalus), 341.

Varestrongylus, 392.

varialilis ~ (Heterakis),
119.

varieqads
79

vasifa (Asifia), 260.

venulosum ((Esophago-
stomum), 296,

venulosus (Strongy-
lus), 206.

vermicularis (Ascaris),
189.

(Ascaris),

vermicularis  (Entero-
bius), 189,
vermicularie  (Fusar-

ella), 189.

vermicularis (Fusaria),
189,

vermicularis (Oxyurias),
189.

vermicularis (Oxyuris).
189.

vesicularig  (Ascaris),
112.

vesicularis (Heterakis),
112.

vesiculosum ((Esopha-
gostomum), 306,

viale  (Anguillula),
232.

vicarius (Strongylus),
367,

Viscosia, 241.

vituli  (Ascaris), 41,
391

vituli  (Fusaria),
301

vittli '(Slronyyloidar).
220.

vitulorum (Ascaris),
39, 41
vitulorum (Neoascaris).

vitulorum (Strongylus),
301.

viviparus (Dictyocau-
lus), 391.

viviparus (Gordius),
391,

voluptuosa (Pseud-
aspidodera). 131,

voluptuosa var. minor
(Pseudaspidodera),
131

voluptuosus (Pscud-
aspidodera). 131,

vryh (Agriosto-
mum), 324,
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mdz):zrc (Selerostoma),
=0l

vulgaris  (Strongyl
240, 261, D

v:ulp::x (Aszcaris), 59.

vulpis  (Belascaris),
59,

vulvolabiata (Hetera-
kig), 118, g

vulvolabita (H. » \
118 (Heterakis),

ALPHABETICAL INDEX.

wedlii  (Monodontus),
331.

Wellcomia, 206.

willeyi (Diaphanoce-
phalus). 345, 354.

willeyi (Kalicephalus),
345.

willeyi (Kalicephalus),
354,

woodlandi
dinia), 97.

(Pujar-

Zanclophorus, 174.

zehrae  (Oylichnosto-
mum), 276.

sebran  (Cylicostomuin),
2713

zeylanica (Ascaris). 83,

PRINTED BY TAYLOR AND FRANCIS, RED LION COURT, FLEET STRENT,
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The Fauna of British India,

including Ceylon and Burma.

Published under the Authority of the Secretary of State
for India in Council.

LIST OF VOLUMES PUBLISHED AND IN PREPARATION,
MARCH, 1936.

(Those marked * are out of print. Eacept where publication is known
to have been earlicr, dates quoted are those on which the
volumes were first received at the India Office.)

VERTEBRATA.,
MAMMALIA.

[Fmsr Eprrion.] By W. T. BLaNrorbp.

*Part I. [Primates, Carnivora, Insectivora]. Pp. i—xii, 1-250, text-figs.
Aug. 31, 1888,

*Part II. [Chiroptera, Rodentia, Ungulata, Cetacea, Sirenia, Edentata]. Pp. i-xx.
261-617, text-figs. Deec. 18, 1881,

[ second edition, by Mr. MarTix A, C. HINTON and Mr. R. I. POCOCK, i5 in course
of preparation, This edition will probably occupy three volumes.)

BIRDS.
[FmsT EpITion.]
*Vol. 1. [Passeres]. By Eveexe W. OaTes. Pp. i-xx, 1-556, toxt-figs. -
Dec. 30, 1889,

*Vol. 11, {Passeres, concluded]. By Eveexe W, Oates. Pp. i-x, 1-407, text-figs.
Dec, 8, 1890.

« Vol. ITI. [Eurylemi, Pici, Zygodactyli, Anisodactyli, Macrochires, Trogones,
Coceyges, Psittaci, Striges, Accipitres]. By W. T. BLANForD. Pp. i-xiv,
1-450, text-figs. 21/- Oct, 2, 1805.

Vol. JV, [Columbm, Pterocletes, Gallinm, Hemipodii, Gralle, Limicol®, Gavim,
Steganopodes, Tubinares, Herodiones, Phenicopteri, Pygopodes]. By W. T.
Branvorp. Pp. i-xxi, 1-500, toxt-figs. 21/. April 25, 1898,

Secoxn Eptriox. By E, C. START BAKER.
Vol. 1. [Passeres, Fam. L. Corvide—VIIL Troglodytide]. Pp. i-xxiii, 1-479, 8 col.

pls., text-figs. 30/ Aug. 24,1922,

Vol. II. [Passeres, Fam. IX, Cinclide~—XVIL Regulidm]. Pp. i-xxiii, 1-561, 8 col,

pls., text-figs. 30/- April 30, 1924,

Vol. TII. [Passeres, Fam. XVIIL. Irenide— XXXIIT. Burylaimidw]. Pp. i-xx,

1-489, 7 col. pls,, map, text-figs. 30/ March 20, 1926,
[1]



Vol. IV. [Coraciiformes]. Pp.i-xxiv,1-471, 7 col. pls., text-figa. 30/- July 28, 1927.

Vol. V. [Accipitres, Columbee, Pterocletes, Galline, Hemipodii]. Pp. i—xviii, 1-469,
6 col. pls., text-figs. 30/- March 21, 1928,

Vol. V1. [Grallm, Charadriiformes, Stoganopodes, Tubinares, Herodiones, Phoeni-
coptex, Anserss, Fygopodas]. " Pp. I-xxv, 1-400; Ipls, et fge 802
alarcn 20, Y.

Vol. VIL [Synonymical Catalogue, Passeres—Gralle]. Pp. i-viii, 1-484. 30/
B 0hv e March 30, 1930.

Vol. VIIL. [Synonymical Catalogue, Gralle—Pygopodes ; Corrigenda and Addenda ;
Index]. Pp. i-iv, 485-801, 15/ Sept. 25, 1930.

REPTILIA and BATRACHIA.
[*Fimst Ep1mioN, complete in 1 vol.] By GEORGE A, BOULENGER,
Pp. i-xviii, 1-541, text-figs. Sept. 4, 1890,
Seconp Eprriox. By Marcorny A. SMITH.
Vol. I. Loricata, Testudines. Pp. i-xxviii, 1-185, 2 pls., map, text-figs. 15/-

March 27, 1031,
Vol II. Sauria. Pp. i-ix, 1-440, 1 pl., 2 maps, text-figs. 30/ Feb, 7, 1035,

FISHES.
[Frest Eprrion.] By Francis DAy,

Vol. 1. [Chondropterygii, Teleostei (Physostomi; Acanthopterygii: Percids)],
Pp. i-xviii, 1-548, text-figs. 28/- July 11, 1889,
Vol. II. [Teleostei (Acanthopterygii excl. Porcide; Anacanthini; Lophobranchii ;
Plectognathi), Leptocardii]. Pp. i-xiv, 1-509, text-figs. 28/ Sept. 21, 1889

[A second edition, by Dr. Sunper LAr Hora, 18 in course of preparation, It is
anticipated that this edition will extend to at least five volumes.]

ARTHROPODA.

LEPIDOPTERA.
MOTHS. By G.F. HAMPSON.

Vol. I. [Fam. 1, Saturniide—23, Hypsidse]. Pp. i-viii, 1-527, text-figs, 2§/-
Jan. 10, 1893.

Vol. 1L [Fam. 24, Arctiidm; 25, Agaristide; 26, Noctuidwm]. Pp. i-iv, 1-609,
text-figs. 28/- March 9, 1894.
Vol. IIT. [Fam. 26, Noctuide (Subfam. Focillin®, Deltoidinm); 27, Epico.ph‘dm;
28, Uraniide ; 29, Epiplemida ; 30, Geometridm]. Pp.i-xxviii, 1-546, text-figs.

28/- Feb. 21, 1895,
Vol. IV, [Fam. 31, Py, Pp. i-xxviii
1-594, text-figs. Dec. 1, 1896,

(Dates of publication as stated in MS. notes by Sir G. Hampson,
‘“ teste Taylor & Francis.")

[A Volume on the Sphingidm, by Lt.-Col. F. B. Scort and Mr. T. R. BeLz,
i% in course of preparation.]

[2]
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BUTTERFLIES. [Fmst Epition.] By C. T, BINGEAM.

*Vol, I. [Nymphalide, Nemeobiid®]. Pp.i-xxii, 1-511, 10 col. pis., text-figs.
March 2, 1905.

Vol. II. [Papilionidm, Pierids, Lycenide (part)]. Pp. i-vii, 1-480, 10 col. pls.,
text-figs. 28/- March 25, 1907.

[Vol. I11. of the first edition was never completed. A second edition, by Mr.
N. D. Rmpy, Brig.-Gen. W. H. Evaxs, and Mr. G. TALBOT, 48 in course of
preparation. This edition will embrace all the Butterflies and will probably extend
to five volumes.]

COLEOPTERA.
ADEPHAGA.

General Introduction, and Cicindelide and Pausside. By W. W. Fowizr, Pp. i—
xx, 1-529, text-figs. 28/- Received in Brit. Mus. (Nat. Hist.) Feb. 18, 1912,

Carabidm: Vol. I. Carabine. By H. E. AxpreEwss. Pp. i-xviii, 1-431, 9 pls,,

text-figs. 22/d May 15, 1920.

Carabidm : Vol. II. Harpaline-—I. By H. E. ANDREWES. Pp. i-xvi, 1-323, 5 pls.,

map, text-figs. 22/6. Oct. 28, 1935.
STAPHYLINOIDEA.

Staphylinide. By Marcors CAMERON.

Vol. I. [Subfam. Micropoplin®, Oxyteline, Oxyporing, Megalopine, Steninm,
Enmsthetinm.] Pp. i-xvii, 1-471, 3 pls,, map, text-figs. 30/- March 31, 1930.

Vol. 1L, [Subfam. Paxderine.] Pp. i-viii, 1-257, 2 col. pls., text-figs. 15/
Feb. 28, 1931.

Vol. IIl. [Subfam. Staphylinine, Trichophyin®, Termitodiscine, Pygostenine,
Tachyporinm.] Pp. i-xiii, 1-443, 4 col. pls., toxt-figs. 30/ March 30, 1932,
CLAVICORNIA.

Erotylide, Languriide, and Endomychide. By G. J. ArrOWw. Pg.x i-xvi, 1-416,
1 col. pl., map, text-figs. 30/ arch 21, 1925,

PHYTOPHAGA.
Cerambycide. By C. J. Gamax. Pp. i-xviii, 1-329, text-figs. 14j- Nov. 9, 1906.
Chrysomelide.
Vol. Ie{Eupodes, Camptosomes, Cyclica]. By MARTIN Jacosy. Pp. i-xx, 1-534,
2 col. pls., text-figs. 28/- March 14, 1908.

Vol. II. [Hispin®e and Cassidinwe]. By 8. Mavnx. Pp. i-xi, 1-439, toxt-figs. 21/-
Aug. 9, 1919,

Vol, 411, [Chrysomeline and Halticin®]. By S. Maviik. Pp. i-xiv, 1-442, map,

text-figs. 25/- May 20, 1926.

Vol, IV. [Galerucine]. By 8. Mavnik. Pp. i-xvi, 1-648, 1 col. pl., map, text-figs.

35/- Jan. 30, 1936,
RHYNCHOPHORA.

Curculionide. [Part I. Brachydering, Otiorrhynchinz.] By Gux A. K. MARSHALL.

Pp. i-xv, 1-367, toxt-figs. 21/ Nov. 28, 1916.

[A4 volume on Platypodidm, by Dr. C. F. C. BEESON, is in preparation, and will
be followed by a volume on Scolytide.]

[3]
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Vol. IV. [Coraciiformes]. Pp.i-xxiv, 1-471,7 col. pls., text-figs. 30/- July 28, 1927.

Vol. V. [Accipitres, Columba, Pterocletes, Gallinw, Hemipodii]. Pp. i-xviii, 1-469,
6 col. pls., text-figs. 30/ March 21, 1928.
Vol, VI. [Gralle, Charadriiformes, Steganopodes, Tubinares, Herodiones, Pheni-

copteri, Anseres, Pygopodes]. Pp. i-xxv, 1-499, 3 pls,, text-figs. 30/-
March 26, 1929,

Vol. VII. [Synonymical Catalogue, Passeres—Grall=]. Pp. i-viii, 1-484, 30/-
March 30, 1930.

Vol. VIIL. [Synonymical Catalogue, Gralle—FPygopodes ; Corrigenda and Addenda ;
Index]. Pp. i-iv, 485-801. 15/ Sept. 25, 1930.

REPTILIA and BATRACHIA.
[*Fmst EprrioN, complete in 1 vol.] By GEORGE A. BOULENGER.
Pp. i-xviii, 1-541, text-figs. Sept, 4, 1890.
Seconp Epitiox. By MALCOLM A. SMITH.

Vol. I. Loricata, Testudines. Pp. i-xxviii, 1-185, 2 pls., map, text-figs. 15/
March 27, 1931.

Vol. II. Sauria. Pp. i-ix, 1-440, 1 pl., 2 maps, text-figa. 30/- Feb, 7, 1935.

FISHES.
[Frest Epmrion.] By Franos DAy,

Vol. I. [Chondropterygii, Teleostei (Physostomi; Acanthopterygii: Percidm)].
Pp. i-xviii, 1-548, text-fige. 28/- July 11, 1889,
Vol. IL. [Teleostei (Acanthopterygii excl. Percide ; Anacanthini; Lophobranchii ;
Plectognathi), Leptocardii]. Pp. i-xiv, 1-509, text-figs. 28/-  Sept. 21, 1889

[A second edition, by Dr. SUNDER LaAxr Hora, 18 in course of preparation. It is
anticipated that this edition will extend to at least five volumes.]

ARTHROPODA.

LEPIDOPTERA.
MOTHS. By G. F. HAmPsox,
Vol I. [Fam, 1, Saturniide—23, Hypside]. Pp. i-viii, 1-527, text-figs, 2%/-
Jan. 10, 1893,
Vol. II. [Fam. 24, Arctiide; 25, Agaristide; 26, Noctuide]. Pp. i-iv, 1-609
text-figs. 28/- March 9, 1894,

Vol. IT1. [Fam. 26, Noctuide (Subfam. Focillin®, Deltoidina); 27, Epico},‘fjdm.
28, Uraniide ; 29, Epiplemid® ; 30, Geometrid®]. Pp. i-xxviii. 1-546, text-figs.

28/ Feb. 21, 1895.
Vol. IV. [Fam. 31, Pyralide ; additions and corrections to Fam. 1-30]. Pp. i-xxviii
1-594, text-figs. 28/- Dec. 1, 1896,

(Dates of publication as stated in MS. notes by Sir G. Hampson,
“ teste Taylor & Francis.”)

[A Volume on the Sphingide, by Lt.-Col. F. B. ScorT and Mr. T. R, Bz,
is in course of preparation.] i

[2]



BUTTERFLIES. [Fmst Epition.] By C T. Binemaa.

*Vol. I. [Nymphalide, Nemeobiide]. Pp.i-—xxii, 1-511, 10 col. pis., text-fgs.
March 2, 1905.

Vol. II. [Papilionidm, Pieride, Lycenide (part)]. Fp. i—viii, 1-480, 10 col. pls.,
toxt-figs. 28/- March 25, 1907.

[Vol. I11. of the first edition was never completed. A second edition, by Mr.
N. D. Rmey, Brig.-Gen. W. H. Evaxs, and Mr. G. TArsor, is in course of
preparation. This edition will embrace all the Butterflics and will probably extend
to five volumes.]

COLEOPTERA.
ADEPHAGA.

General Introduction, and Cicindelide and Pausside. By W. W. FowiLeEr. Pp. i-
xx, 1-520, text-figs. 28/. Received in Brit. Mus. (Nat. Hist.) Feb. 18, 1912.

Carabidm: Vol. I Carabine. By H. E. Axprewes. FPp. i-xviii, 1-431, 9 gls.,
1929.

text-figs. 22/d May 15,
Carabidm : Vol. 11. Harpaline—I. By H. E. ANDREWES. Pp. i-xvi, 1-328, 5 pls.,
map, text-figs. 22/6. Oct. 23, 1935,
STAPHYLINOIDEA.

Staphylinide. By Marcors CAMERON.
Vol. I. [Subfam. Micropeplin®, Oxyteline, Oxyporine, Megalopin®, Steninm,
Enmsthetinm.] Pp. i-xvii, 1-471, 3 pls., map, text-figs. 30/- March 31, 1930.

Vol. II. (Subfam. Pederinw.] Pp. i-viii, 1-257, 2 col. pls., text-figs. 15/-
Feb. 28, 1931.

Vol. IIl. [Subfam. Staphylinine, Trichophyin®, Termitodiscin®, Pygosteninge,
Tachyporin®.] Pp. i-xiii, 1-443, 4 col. pl&,, toxt-figs. 30/ March 30, 1932,

CLAVICORNIA.
Erotylide, Languriide, and Endomychida. By G. J. Arrow. Pp. i—xvi, 1-416,
1 col. pl., map, text-figs. 30/- March 21, 1925,
PHYTOPHAGA.

Cerambycide. By C.J. Ganan. Pp. i—xviii, 1-329, text-figs. 14/- Nov. 9, 1906.
Chrysomelida.
Vol. I#{Eupodes, Camptozomes, Cyclical. By MarTIN JAcosy. Pp. i-xx, 1-534,

2 col. pls., text-figs. 28/ March 14, 1908.
Vol. IT. [Hispina and Cassidinm]. By 8. MAULIK. Pp.i-xi, 1-430, text-figs. 21/-
Aug. 9, 1919.

Vol, 411. [Chrysomelin®e and Halticine]. By S. Mavuie. Pp. i-xiv, 1-442, map,
text-figs, 20/ May 20, 1926.
Vol. IV. [Galerucin®]. By S. MavLi. Pp. j-xvi, 1-648, 1 col. pl., map, text-figs.
45/- Jan. 30, 1936.

RHYNCHOPHORA.

Curculionid®. [Part I. Brachyderin=, Otiorrhynchinz.] By Guy A. K. MArsmavLL.
Pp. i—xv, 1-867, text-figs. 21/ Nov. 28, 1916.

[A volume on Platypodidm, by Dr. C. ¥. C. BEESON, 5 in preparation, and will
be followed by a volume on Scolytide. ]
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Vol. IV. [Coraciiformes]. Pp.i-xxiv, 1-471,7 col. pls., text-figs. 30/- July 28, 1927.

Vol. V. [Accipitres, Columbsm, Pterocletes, Galline, Hemipodii]. Pp. i-xviii, 1-469,
6 ccEl. plsl?. text-figs. 30/- March 21, 1928.

Vol. VI [Gralle, Charadriiformes, Steganopodes, Tubinares, Herodiones, Phoeni-
copbeE'i, Axserss, Eygopodes]. “Pp.i-xxv, 1-499, 3 pls., text-fige, 30f
arc 'y "

1. VII. [Synonymical Catalogue, Passeres—Gralle]. Pp. i-viii, 1-484, 30/
o Sk iy March 30, 1930.

Vol. VIIL. [Synonymical Catalogue, Gralle—Pygopodes ; Corrigenda and Addenda ;
Index]. ygp. i-iv, 485-801. 15/- Sept. 25, 1930.

REPTILIA and BATRACHIA.
[*Fmst EpiTion, complete in 1 vol.] By GEORGE A, BOULENGER.
Pp. i-xviii, 1-541, text-figa. Sept. 4, 1890,
Seconxp Eprtrox. By Marcorm A. SMITH.

Vol. I. Loricata, Testudines. Pp. i-xxviii, 1-185, 2 pla., map, text-figs. 15/-
March 27, 1931.

Vol. IT. Sauria. Pp. i-ix, 1-440, 1 pl., 2 maps, text-figs. 30/ Feb. 7, 1935.

FISHES.
[Fmmst Eprrioy.] By Frawcis Dav.

Vol. 1. [Chondropterygii, Teleostei (Physostomi ; Acanthopterygii : Percidm)].
Pp. i-xviii, 1-548, text-figs. 28/ July 11, 1889,

Vol. IL [Teleostei (Acanthopterygii excl. Percidw ; Anacanthini; Lophobranchii ;
Plectognathi), Leptocardii). Pp. i-xiv, 1-500, text-figs. 28/- Sept. 21, 1889

[A second edition, by Dr. SUNDER LAL HoRa, 18 in course of preparation. It is
anticipated that this edition will extend to at least five volumes.)

ARTHROPODA.

LEPIDOPTERA.
MOTHS. By G. F. Hamrson.
Vol. I. [Fam. 1, Saturniide—23, Hypside]. Pp. i-viii, 1-527, text-figs, 2%/.

Jan. 10, 1893,
Vol. II. [Fam. 24, Arctiides; 25, Agaristidm; 26, Noctuidz]. Pp. i-iv, 1-609,
text-figa. 28/- March 9, 1894,

Vol. IIL. [Fam. 26, Noctuide (Subfam. Focillin®, Deltoidin®); 27, Epico’pﬁdm;
28, Uraniid= ; 29, Epiplemide ; 30, Geometrida]. Pp.i—xxviii. 1-546, text-figs,

28/- Feb. 21, 1885.
Vol. IV. [Fam. 31, Pyralidm; additions and corrections to Fam. 1-30]. Pp. i-xxviii,
1-504, text-figs. 28/- Dee. 1, 1896,

(Dates of publication as stated in MS. notes by Sir G. Hampson,
“teste Taylor & Francis.”)

[A Volume on the Sphingide, by Lt.-Col. F. B. Scorr and Mr. T. R. BeLy,
i8 in course of preparation.]

[2]



BUTTERFLIES. [Fmst Eprrion.] By C. T. BINGHAM.

*Vol. L. [Nymphalide, Nemeobiid=]. Pp.i-xxii, 1-511, 10 col. pls., toxt-figs.
March 2, 1905.

Vol, 1I. [Papilionide, Pieride, Lycmnide (part)]. Pp. i-viii, 1-480, 10 col. pls.,
text-figs. 28/- March 25, 1907.

[Vol. III. of the first edition was never completed. A second edition, by Mr.
N. D. Rmuey, Brig.-Gen. W. H. Evaxs, and Mr, G. TALBOT, is in course of
preparation.  This edition will embrace all the Butterflies and will probably extend
to five volumes.]

COLEOPTERA.
ADEPHAGA.

General Introduction, and Cicindelide and Pausside. By W. W. FowLee. Pp. i-
xx, 1-529, text-figs. 28/- Received in Brit. Mus. (Nat. Hist.) Feb. 18, 1912,

Carabidm: Vol. I. Carabine. By H. E. Axprewes. Pp. i-xviii, 1-431, 9 pls,,

text-figs. 22[d May 15, 1929,

Carabide : Vol. II. Harpaline—I. By H. E. ANprewes, Pp. i-xvi, 1-323, 5 pls.,

map, text-figs. 22/6. Oct. 23, 1935.
STAPHYLINOIDEA.

Staphylinide. By MaArcorm CAMERON.

Vol. I. [Subfam. Micropeplin®, Oxytelinm, Oxyporin=, Megalopinm, Steninm,
Enmsthetine.] Pp. i-xvii, 1-471, 3 pls., map, text-figs. 30/- March 31, 1930.

Vol. IL. [Subfam. Pederin®.] Pp. i-viii, 1-257, 2 col. pls., toxt-figs. 15/-
Feb. 28, 1031,

Vol. IIl. [Subfam. Staphylinine, Trichophyine, Termitodiscin®, Pygosteninze,
Tachyporin®.] Pp. i-xiii, 1-443, 4 col. pls., text-figs. ~ 30/- March 30, 1932.

CLAVICORNIA.
Erotylide, Languriide, and Endomychida. By G. J. Arrow. Pp. i-xvi, 1-416,
1 col. pl., map, text-figs. 30/ March 21, 1925,
PHYTOPHAGA.
Cerambycide. By C.J. Gamax. Pp. i-xviii, 1-329, text-figs. 14j- Nov. 9, 1906.
Chrysomelids.
Vol. I#[Eupodes, Camptosomes, Cyclica]. By Martiy Jacosy. FPp. i-xx, 1-534,
2 col. pls., text-figs. 28/ March 14, 1908.

Vol. II. [Hispin and Cassidinm]. By S. MAULIX, Pp. i-xi, 1-439, toxt-figs. 21/-
Aug. 9, 1919.

Vol A1IL. [Chrysomelin® and Halticine]. By S. MAvLik. Pp. i-xiv, 1-442, map,
text-figs. 25/- May 20, 1926.

Vol. IV. [Galerucin]. By 8. MavLik. Pp. i-xvi, 1-648, 1 col. pl., map, text-figs.
35/- Jan. 30, 1936,

RHYNCHOPHORA.

Curculionidee. [Part I. Brachyderin=, Otiorrhynchin®.] By Guy A. l{v MAnSHALL,
Pp. i~xv, 1-367, text-figs. 21/ Nov. 28, 1916.

[ A volume on Platypodids, by Dr. C. F. C. BuEsON, 18 in preparation, and will
be followed by a volume on Scolytidz. ]

(3]
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LAMELLICORNIA.
Searabmide. By G. J. ARrow.

Part I. Cetoniin®, Dynastin®. Pp. i—xiv, 1-322, 2 col. pls., text-figs. 14/-
Sept. 13, 1910.

Part IL. Rutelin®, Desmonycine, Euchirin®. Pp. i-xiii, 1-387, 5pls., text-figs.  21/-
May 6, 1917.

Part ITI. Coprina. Pp. i-xii, 1-428, 13 pls., map, text-figs. 30]- Dec. 15, 1931.

HYMENOPTERA.
Vol. I. Wasps and Bees, [Fossores, Diploptera, Anthophila.] By C. T. BINGHAM.
Pp. i-xxix, 1-579, 4 col. pls., text-figs, 28/ March 29, 1807.
Vol. IT. Ants and Cuckoo-Wasps. [Formicidm, Chrysidide.] By C. T. BINGHAM.
Pp. i-xix, 1-506, 1 col. pl., text-figs. 28/ April 7, 1903,

Vol. II1, Tehneumonid® : 1. Ichneumones Deltoidei [Pimpling, Tryphoning, Ophio-
nin®]. By Craupne MorrLey. Pp. i-xxxvi, 1-531, I col. pl., text-figs. 28;-
March 28, 1913.

DIPTERA.
[Vol. L] Nematocera, excluding [Cecidomyiide], Chironomids, and Culicida. By
E. BrunerTt. Pp. i—xxviii, 1-581, 12 pls., text-figs, 28/- Dec. 17, 1812,

[Vol. IL.] Brachyeera, Vol. I. [Stratiomyiidw, Leptidie, Nemestrinids, Cyrtide, Bomby-
liidee, Therevidwe, Scenopinide, Mydaidw, Empid®, Lonchopteride, Platy-
pezidw]. By E. BRUNETTI. Pp.i-ix, 1-401, 4 pls., text-figs. 35/ May 28, 1920,

Vol. I1I. Pipunculid=, Syrphids, Conopidae, (stride. By E. BruNerr. Pp, i=xii,

1-424, 6 pls,, text-figs. 30/- March 1, 1023,
Vol. 1V. Culicida, tribe Anophelini. By 8. R. Corisrorners.  Pp. i-xi, 1-371,
3 pls., text-figs. 22/6 Oct. 27, 1833.
Vol. V. Culicidm, tribes Megarhinini and Culicini. By P. J. Barraup.
Pp. i-xxvii, 1-463, 8 pls., text-figs. 30/ March 14, 1934.

[Vol. VI., Muscide, by Miss D. Avserriy and Mr. R. SeNtor-WHITE, and
Vol. VII., Tabanide, by Major E. E. Avsrex, are in preparation.

APHANIPTERA,
[4 Volume on the Fleas, by Dr. M. Suartr, is in course of preparation.
RHYNCHOTA.
By W. L. Disra~r. Y -

Vol. 1. Heteroptera [Pentatomide, Coreidm, Berytide]. Pp.i-xxii, 1-488, text-figs.
28/- Aug. 18, 1902,
Vol. II. Heteroptera [Fam. 4, Lyg=idie—16, Capsida.] Pp, i-xvii, 1-503, text-figs.
28/- 1903-4.

[F'irst published in two parts: Part I, pp. 1-242,in Dec. 1903 ; Part II, pp. 243-503,
tn April, 1904.  T'he two parts later re-issued as one volume with Sresh preface.]

Vol. TIL Hemroptpt&—liomoptem [Anthocoridie, Polyctenids, Cryptocerata,
Cicadidwe, Fulgorid®]. Pp. i-xiv, 1-5603, text-figs. 28)- March 19, 1906,

Vol. IV. Homoptera [Membracida, Cercopidue, Jasside] and Appendix [to Pentato-
mide, Coreide, and Berytidm]. Pp. 1-xv, 1-501, text-figs. 28/. 1807-8,

[First published in two parts: Part1,pp. 1-264, in Nov. 1907 ; Part 11, pp- 25-501,
in Aug. 1908. Later re-issued as one volume.]
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Vol. V. Heteroptera: Appendix [Lygmid= to Cryptocerata]. Pp. i-xii, 1-362,
text-figs. 14/ Jan. 24, 1911.
Vol. VI. Homoptera : Appendix [Cicadidm, Fulgoride, Membracid=, Cercopida,
Jassidm (pt.)]. Pp. i-viii, 1-248, toxt-figs. 14/- March 31, 1916.
Vol. VII. Homoptera : Appendix [Jassidm (pt?)]; Heteroptera: Addenda [Penta-

tomidw, Coreide, Berytidm, Lygeida]. Pp. i-viii, 1-210, text-figs. 14/-
May 9, 1918,

ORTHOPTERA.
Acridiidee. By W. F. Kmsy. Pp. i-ix, 1-276, text-figs: 14/- June 9, 1014,
DERMAPTERA.
(Earwigs), By Marcous Burr. Pp. i-xviii, 1-217, 10 col. pls., 2 text-figs. 14/-
Feb. 3, 1910.
ODONATA.
Vol. L [Cosnagriidw]. By F. C. Fraser. Pp. i-xiii, 1-423, map, text-figs, 25/.
March 1, 1933.
Vol. IL. [Agriid® and Gomphide]. By F. C.Fraser. Pp. i-xxiii, 1-308. 4 col. pls.,
text-figs. 25/- Oct. 29, 1934,

[Vol. 111. (Cordulegasteridi, Alschnidie, Labellulids),
by I, C. Fraser, will be published shortly. |
ARACHNIDA,

Scorpiones, Uropygi, Amblypygi, Solifug®, Aranem (pt.). By R. I. Pocock.
Pp. i—xii, 1-279, text-figs. 14/- Dec. 21, 1900,

[A volume on the Ticks, by Dr. M. SHARIF, 15 in course of preparation. |

MOLLUSCA.
[Vol. 1] Testacellide and Zonitide. By W. T. BraNrorp and H. H. Gopwixn-
Avustexn. Pp. i-xxxii, 1-311, text-figs. 14/. Dec. 7, 1908.
Vol. I1. Trochomorphide—Janellide, By G. K. Guox. Pp. i-xii, 1-520, text-figs.

28- Nov. 24, 1014,

Vol. III. Land Operculates (Cyclophoride, Truncatellide, Assimineide, Helici-
nide). ByG.K.Gups. Pp.i-xiv, 1-386, 2 pls,, text-figs. 35/ April 5, 1921,

[Vol. IV Freshwater Gastropoda and Pelecypoda. By H. B, Prestox. Pp. i-xi,
1-244, text-figs. 14/ March 31, 1915.

[4 fifth volume, by Dr. B, PRASHAD, dealing with Pelecypoda, is in active preparation.]

WORMS.
OLIGOCHZETA.
[In 1 Vol.] ByJ.SrepaENsoN. Pp.i-xxiv, 1-518, text-figs. 30/- June 30, 1023,

HIRUDINEA.

In 1 Vol.] By W.A. Harpine [Rhynchobdellz] and J. PERcY Moors [Arhyncho-
&8 lbd:lllalj. \}Vit-h an Historical Preface by the Editor, A, E, Surerey. Pp, i-xxxii,
1-302, 9 col. pls., map, text-figs. 25/ March 23, 1927.

[5]



CESTODA.
By T. SOUTHWELL.

Vol. I. [Cestodaria, Eucestoda (excl. Tenioidea)]. Pp. i-xxxi, 1-391, map, text-figs.
22(6 May 29, 1930.

Vol. I1. [Tenioidea). Pp. i-ix, 1-262, text-figs. 15/- Deec. 29, 1930.
NEMATODA.

Vol. I. Ascaroidea and Strongyloidea. By H. A. Bavinis. Pp. i-xxxvi, 1-408,

map, text-figs. 2§/ March 23, 1936.

CELENTERATA, etec.

Freshwater Sponges, Hydroids and Polyzoa. By N. AxNaAnpare. Pp. i-viii,
1-251, 5 pls., text-figs. 14/ Sept. 21, 1911.

PROTOZOA.

[A volume by Dr. Braart LAL BHATIA, dealing with Ciliophora, is in active
preparation, and will be followed by a volume on Sporozoa.]

TAYLOR & FRANCIS, Rep Liox Court, FLEET ST., LoNpON, E.C.4.
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