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AUTHOR’S PREFACE.

———soeg0e—

CEsTODE parasites live in the intestine, and accordingly the
digestive tract of the host has to be opened and examined
carefully in order to find them. Under the best conditions
the search for these worms can hardly be described as
agreeable, and in India, where decomposition quickly follows

dissolntion, it is frequently very unpleasant.

As many of the cestodes recorded from India by the writer
were obtained from animals which had Jdied in the Zoological
Gardens, Calcutta, and as these animals had been dead about

24 hours before they were sent for examination, many of the

worms unfortunately proved to be in a state of decom-

position ; consequently it has not been found possible to give

an adequate description of some of the parasites dealt with.

Species are here recorded from hosts which do not occur
in India, but which were brought to the Zoological Gardens

and died there.
The writer has not been able to examine the parasites

recorded from India by other helminthologists, and in these

cases he has been obliged to rely on the description and

figures given by other workers in this field.
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He desires to express his thanks to the various aunthors,
editors, and publishers of the several journals named below
for their courtesy in allowing the reproduction of certain
figures illustrating the anatomy of Indian species, viz. :—The
Ceylon Journal of Science (Spolin Zeylanica) ; Records of
the Indian Museum; Journal of the Burma Research Society :
The Allahabad University Studies; Parasitology ; Quarterly
Journal of Microscopical Science ; Annals and Magazine
of Natural History ; Proceedings of the Zoological Society
of Londen; and the Annuls of Tropical Medicine and

Parasitology, Liverpool.

Special reference is here made to the extensive work done
by Professor F. J. Meggitt, of the Zoological Department,
University, Rangoon, on the Cestode Fauna of Burma.
From his description of species inaccessible to me I have
copied freely, and I desire to tender to him my gratetul

thunks.

In the early part of this year the writer published in
Spolia Zeylanica a Monograph on the Order Trypanorhyncha.
All the illustrations of the species of this order in the
present work are reproduced from that monograph, and Tam
much indebted to Dr. Joseph Pearson, F.R.8.E., Director of
the Colombo Museum, for the loan of the blocks.

A large number of the figures illustrating this volume are
original, and are the work of Mr. David Dagnall (of the
Liverpool School of Tropical Medicine), Miss E. H. Michie,
and Miss Florence Mandley, to all of whom I wish to express
my sincere gratitude. I am further indebted to Mr. Dagnall
for continuouns and very able assistance in a variety of wuys

during the preparation of this volume.

.
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Mr. A. W. Noel Pillers, F.R.(".V.S., has been good enough
to read through the manuscript and proofs, and my thanks
are due to him for much friendly advice and useful criticism.

Mr. N. B. Kinnear and Mr. J. R. Norman, of the British
Museum (Natural History), have assisted me in the difficult
task of correctly naming the birds and elasmobranch fishes
respectively, and to them also my thanks are due. It is a
pleasure to acknowledge gratefully the extensive, unfailing,
and valuable assistance which the Editor has rendered

during the passage of the proofs through the press.

T. SOUTHWELL.
School of Tropical Medicine,
University, Liverpool.
April 1930,
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EXPLANATION OF LETTERING.

€.y Oirrus.

c.m,, cirenlar muscle fibres.

C.p., cirrus pouch,

cit., cuticle,

d.ev., dorsal excrotory vessel,
d.v.m., dorso-ventral muscle fibres,
€., eggs.

e.b., excretory bladder.

e.c., egg capsules,

€.2., excretory vessels,

e.v.8,, oxternal vesionln seminalia,
foc., fertilization canal,

fp., fibrous pad,

g.a., genital atrium,

g.p., genital pore,

g.4., genital sncker.

ip.g., interproglottidal gland.
4.0.4., internal vesicnly seminalis,
1., lappets.

L.m,, longitudinal muscles.

m.p., medullary parenchyma.

1., Derve.

0., OVArY.

o.n.,, oblique muscle fibres,

ovd., oviduet,

P., parenchyma.

2.9., prostatic glands.

PiL.o., paruterine organ.

r.m.,, retractor muscle.

1.8., receptaculum sominis,

8., spines.

g.c.n., subeuticular muscles.
8.9., shell gland,

sph., sphincter.

t., testes.

t.m., transverse muscle fibres.
., uterns.,

t.d., uterine duct.

w.p., uterine pore.

u.r., uterine reticulum.

1.8., uterine sac.

v., VAgina.

v.d., vas deferons.

v.¢0., vasa efferentia.

v.e.v., ventral excretory vessel.
v.g., vitelline gland.

v.8., vesicula seminalis.

vt.d., vitelline duct.

vit,, valva

vaLa., vagino-uterine aperture.
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UxTin quite recently the only cestodes recorded from India
were those found in man and the common domestic animals.
The extension of our knowledge of, and interest in, the cestodés
of India may be said to date from the time when, in 1902, the
late Professor Sir William Herdman visited the Pearl Banks of
Ceylon in order to ascertain why these pearl fisheries were so
irregularly productive, and, if possible, to suggest remedial
measures. Herdman associated pearl formation with the
presence of a minute larval cestode which is common in the
tissues of the oyster (Margaritifera vulgaris).

About the same time Dr. A. Willey, who was then Director
of the Colombo Museum, collected some half a dozen species
of cestodes in Ceylon, and the late Sir Arthur Shipley published
a paper describing these parasitesin ‘ Spolia Zeylanica * in 1903.

In 1906 a much larger collection, apparently obtained by
Willey from Ceylon, including trematodes, nematodes, and
Acanthocephala was reported upon by Linstow in the same
journal,

From 1902 to 1906, Mr. James Hornell obtained a number of
cestodes, mostly tetrarhynchids, from the intestines of elasmo-
branch fishes caught on the Ceylon Pearl Banks. Shipley and
Hornell described these parasites in Herdman’s * Report to
the Colonial Government on the Ceylon Pear]l Oyster Fisheries
and Marine Biology,’ 5 volumes (1903-1906).

The present writer (1806-1911) c.\.:teuded this work, and
issued four reports (Ceylon Mar'mg Biological Reports, 1909~
1912) dealing with the marine biology of the Pearl Banks,
and incidentally described a considerable number of new
species of cestodes. ] ;

The cestode fauna of India, up to this date, had not been
explored, except that, as noted above, various authors had
recorded those cosmopolitan parasites which are found in man

omestic stock.
m%e(:wmn the years 1912 and 1919 the writer studied the
cestode parasites of various animals in the provinees of Bengal,
and Bihar and Orissa, and published a number of papers

YOL. 1. B
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relating thereto in the ‘Records of the Indian Museum '
(1913-1920). These reports represented the first additions to
our knowledge of the cestode fauna of British India. Within
the last decade several investigators have taken up the study
of cestode worms found in India.

Meggitt has devoted attention to Burmese cestodes, whilst
Woodland, Moghe, Verma, and Chandler have contributed
extensively to our knowledge of the cestedes of the Central and
United Provinces. .

In addition, the present writer has examined a large number
of worms collected in India and brought to England, and has
published monographs on the Tetraphyllidea (1925) and on the
Trypanorhyncha (1929). The present volume is an attempt
to bring together all the information we possess at the present
time regarding the cestedes of India. It must, however, be
noted that the field is largely unexplored, and it is clear that
in the near future additions to our knowledge are likely to be
made on a large scale.

HISTORICAL, AND SYSTEMATIC ACCOUNT.

The study of worms parasitic in man is of great antiquity,
and it is certain that many of them were known and recognized
by the most primitive peoples.

In the Egyptian literature there exists a papyrus written 15
centuries B.C. in which is given an account of a disease caused
by a worm, the identity of which is, however, quite uncertain.
References to parasites, also of uncertain identity, are to be
found in the records of other ancient civilizations, including
that of India. Amongst the Jews the division of animals into
clean and unclean was probably associated with the presence
of parasites in the latter, and especially so in the case of the
pig. There appears to be good reason for believing that the
“ plague of fiery serpents’ mentioned in the Book of Numbers
refers to the guinea-worm. One can therefore safely conclude
that the larger tapeworms of man and domestic stock were
also known and recognized.

Systematic accounts of these parasites are, however, of a
comparatively recent date. It is impossible, and unnecessary,
to do more than refer to a few of the more important ones,

Plater, in 1602 (? 1609), dealing with the parasitic worms
found in the human body, noted that ““they live, feed,and grow
like plants, showing neither feeling nor movement, and reach
the exterior through the vulva or the anus”; he distinguished,
amonggt others, “Lumbricus latus,” which is probably the worm
now known as Dibothriocephalus latus.

Redi (1684) described certain larval tapeworms from fish
in 1729 he obtained a number of others, and he was probably
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the first helminthologist to study these worms from a systematic
point of view.

Linnzus (1758) established the genus 7T'@nia, and pointed
out that a tapeworm ** grows at one end and dies at the other.”
He also stated that each segment has a mouth, but that the
animal does not possess a head.

Pallas (1760) dealt with a number of cestode worms from
fishes, dogs, and cats. Tn 1781 he described and figured other
cestodes from man and animals.

Goeze (1782) published a valuable book, with 44 plates, in
which he described and illustrated certain cestodes from
dogs, cats, horses, sheep, rabbits, squirrels, mice, rats, ducks,
erows, and various fishes. In this work the tapeworms were
all included in the genus Tenia, of which he recognized two
subdivisions, viz., “ 7'. viscerales ** (cystic forms) and “ 7. in-
testinales ” (adult worms). He discovered the head in Tenia
echinococcus, the embryo in the egg of T'@nia canina (Dipylidium
caninum), and he also made important observations on the
development of Cysticercus fasciolaris. His opinion was that
all intestinal worms were inherited.

Bloch (1779) gave an account of a number of cestode para-
sites in certain fishes and birds. In 1788 he wrote a paper,
illustrated with 10 plates, on the development and treatment
of intestinal worms, and he dealt with a number of species
from fish, birds, cats, sheep, ete.

Fabricius (1780) described other cestodes from fishes.

Abildgaard (1790) published a paper dealing with certain
tapeworms found in birds and fishes, and he noted that in one
segment of a tapeworm obtained from a dog there were no
less than 140,000 eggs. '

Zeder (1800) gave * A First Account of the Natural Hxstory
of the Tapeworms,” and in his work he placed the helminths in
five classes. In 1803 he produced a book in which the adult
cestodes were divided into four families and the cystic forms
were distributed in five other families.

Rudolphi (1809-1810) proposed the irst extensive scheme
of classification of the parasitic worms, which he divided into
five orders, viz, :(—

1. Nematoidea, including Filaria, Ascaris, ete.

2. Acanthocephala, comprising two genera only, viz.,
Fehinorhynchus and Tetrarhynchus.

3. Trematoda.

4. Cestoidea, including siX genera only, viz., Seolex,
Caryophylleus, Ligula, T'ricuspidaria, Bothriocephalus
and Tania.

5. Cystica, with three genera only, viz., Cysticercus,

Ceenurus, and Echinococcus.
B2
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Tn 1819 he reclassified them as follows, and at the same time-

defined the various orders and genera, viz. :—

Order 1. Nematoidea.
» 2. Acanthocephala.
5 3. Trematoda.
»» 4. Cestoidea.

Genera :—Caryophyllecus, Scolex, Gymnorhynchus,
Tetrarhynchus, Ligula, Trienophorus, Bothrio-
cephalus (Dibothrius, Tetrabothrius, Oncho-
bothrius, Rhynchobothrius), Teenia.

Order 5. Cystica.
Genera ‘—Anthocephalus, — Cysticercus,  Canurus,
Echinococcus,
and Entozoa dubia.

The work done by Rudolphi was remarkable in every way.

Following the line of investigation suggested by the above
author, Blainville (1828) proposed a classification which
differed in many respects from that of his illustrious pre-
decessor.

Dujardin (1845) gave a very full and excellent account of the
worms in question, extending and amplifying the scheme of
classification propounded by Rudolphi.

Van Beneden (1850) studied the cestodes in particular,
especially those from marine fishes. He erected many new
genera and species, and of the latter he gave very full descrip-
tions and good illustrations. He recognized four orders, viz.,
Tetraphylles (=Tetraphyllidea Carus, 1863), Diphylles,
Pseudophylles (= Pseudophyllidea Carus, 15863), and Aphylles
or Téniens.

Diesing (1850, 1854, and 1863) published most claborate
and lengthy systematic accounts of the Cestoda ; large numbers
of tribes, subtribes, sections, orders, genera, and species were
erected, almost all of which have since fallen into synonymy.

Carus (1863) divided the class Platyelminthes Vogt into three
orders, viz., () Turbellaria, (b)) Trematodes, and (c) Cestodes.
The latter order he subdivided into five families, viz, :—

Caryophyllidea, Tetraphyllidea, Diphyllidea, Pseudo-

phyllidea, and Teniadea (Diesing) van Beneden (Cyelo=
phyllidea van Beneden),

-

with the single genus Tenia (L.) Rudolphi, containing the

following subgenera (—

_ (a) Cystice (larva a cysticercus).

(1) Cystotaenia R. Leuckart.
(2) Echinococcifer Weinland.
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(b) Cysticercoides (larva a cysticercoid).
(1) Hymenolepis Weinland.
(2) Dipylidium R. Leuckart.

He also mentions the following of uncertain subgeneric
rank :—Liga Weinland, T'etracampos Wedl, Lepidotrias, Dilepis,
Proteocephalus Weinland, Alyselminthus Zeder (Halysis Zeder).

Monticelli in 1892 placed together in a group which he
called Cestodaria all those cestodes in which the body was
unsegmented and contained a single set of genital organs;
such forms are now frequently referred to as monozootic
cestodes, in contradistinetion to other species, the bodies of
which are made up of numerous segments each containing one
or more sets of genital organs, and which are known as the
polyzootic cestodes.

Braun (1894-1900) raised the cestodes to & class, and divided
them into the following five orders, viz. i—

(1) Pseudophyllidea Carus, 1863.

(2) Tetraphyllidea Carus, 1863.

(3) Cyclophyllidea van Ben. (sic), this being a synonym of
Twnioidea Zwicke, 1841, Diesing, 1850.

(4) Diphyllidea Carus, 1863.

(5) Trypanorhyncha Diesing, 1863.

Liihe (1910) divided the class Cestoda as follows :—
In addition, he quoted nine genera which he found it im-

possible to refer to any of the above orders.

A. Cestodaria.

B. Rhynchostomida (these have gince been proved to be

trematodes).

. Cestodes, s. str., with the four orders Pseudophyllidea
Carus, 1863 : Trypanorhyncha Diesing, 1863 ; Tetra-
phyllidea Carus, 1863 : and Cyclophyllidea (? van
Ben.) Braun, 1900.  This seheme of classification is
accepted by Meggitt, 1924, who placed each of Liihe’s
divisions in+a separate subclass,

Poche (1926) proposed the following entirely new scheme of
classification, which differs widely from that suggested by
Braun and adopted by Lithe, Meggitt, and other authors :—

Class Cestoidea.

Subsubelass 1. Amphilinoinei.

Order 1. Amphilinidea.
2. Gyrocotylidea.
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Subsubelass II. Tenioinei.

Order 1. Bothriseephalidea.
2. Echinobothriidea,
3. Tetrarhynchidea.

Suborder 1. Haplobothriinea.
2. Tetrarhynchinea.

Order 4. Tweniidea.

Suborder 1. Phyllobothriinea. -
2. Taniinea.

__Thus the entire class Cestoidea is divided into two subsub-
classes (sic), the first (Amphilinoinei) containing a small number
of forms, whilst the second subsubclass (T@nioinei) includes
all the rest of the cestodes. Poche unites in his order Teniidea
the entire orders Cyclophyllidea and Tetraphyllidea, calling
the latter suborder Phyllobothriinea and the former suborder
Tew®niinea.

Woodland (1927) proposed a revised classification of the
order Tetraphyllidea which differed widely from that of Poche
on major points, for, whilst Poche unites the orders Cyclo-
phyllidea and Tetraphyllidea into one order (Twmniidea)—
retaining the order Trypanorhyncha (Tetrarhynchidea)—
Woodland unites the Trypanorhyncha and the Tetraphyl-
lidea (together with Proteocephalidz) into one order Tetra-
phyllidea, keeping the order Cyclophyllidea distinct. He thus
divides the Cestoda into the three orders Pseudophyllidea,
Cyclophyllidea, and Tetraphyllidea.

Pintner (1928) suggested the following systematic arrange-
ment of the order Cestoidea Rudolphi, 1809 :—

Order 1. Amphilinidea.
Families ;—Amphilinide, Gyrocotylidee.

Order 2. Cestodes. s. str. -
Families :—Bothriocephalida, Echinobothriida, Tetra-
rhynchide, Tetraphyllide, Proteocephalida,
Teniide, Discocephalide, Tetragonocephalidee,
Cephalobothriids, Balanobothriide.

The first order comprises the monozootic and the second
order the polyzootic cestodes. With reference to the latter
order, it will be seen that all the four old orders, viz., Pseudo-
phyllidea, Cyclophyllidea, Trypanorhyncha, and Tetra-
phyllidea, are merely reduced to the rank of families, and are
referred to as Bothriocephalide, Tewniide, Tetrarhynchidz,
and Tetraphyllide respectively.
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The old family Lecanicephalidze is split up into three new
ones, and a new family, Discocephalidse, is formed for the
reception of the genus Discocephalum, which contains only a
single species.

1t will thus be seen that within the last five vears the classi-
fication has been undergoing rapid and profound changes, and
at the present time the greatest dive:sity of opinion exists
regarding even the broad lines on which these worms should
be systematically arranged : so much so that hardly any two
authorities are agreed on the matter.

Any investigator who has devoted much time and thought
to the study of any particular group of animals will have
recognized clearly, and probably painfully, that a satisfactory
system of classification is a matter of great difficulty, even if
it is not altogether impossible. The reason why this is so is
very obvious. In nature, the hard-and-fast distinetions
which are arbitrarily drawn by naturalists between species,
genera, families, orders, classes, and even phyla, rarely exist.
Like the boundarics between counties, states, and countries,
they are usually artificial. Tt is but reasonable to realize and
admit a simple and evident fact, viz., that the forms of life are
very plastic, very diversified, and frequently merge into cach
other by almost imperceptible gradations, with the result that
no system of classification can possibly _be gnt-x'rely adequate..
The utility of a good scheme of classification lies in the fact that
it enables us broadly to classify our knowledge and identify
species.

The usual four orders of cestodes have the following
characters :— : » .

(1) Cyclophyllidea, embracing forms in which thg head
bears four suckers (acetabula),and in which the vitelline

lands are condensed into a single mass, usually
behind the ovary.

(2) Psellllldophvllidca, including those species in which the
head bears two sucking grooves or bothria ; in which
the acini of the vitelline glands are scattered through-
out the parenchyma : and in which a uterine pore,
normally opening on the ventral surface, is us

resent,

(3) ’,Ir‘;'_vpanorhyncha, containing species in which the head
bears four protrusile proboscides armed tlx‘roug.llogt
their length with minute spines and retractile within
a ovlindrical sac situated in the posterior part of the
head. : :

(4) Tetraphyllidea, in which the head consists of four
ear-like lappets or bothridia whose surfaces may or
may not be split up into areolee. and which may be

armed anteriorly with hooks.
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These orders are differentiated in a general way on the
characters of the scolex. The tendency amongst modern
systematists is to discount the value of external features and
to base the classification on internal anatomical details. It
would appear, however, that the head is as important and as
necessary a part of the anatomy as, say, the muscular syvstem,
and as useful systematically. Throughout the entire animal

Fig. 1, Diagram representing the sooleces in the superfamilies: A, Dibathrio-
cephaloiden; B, Twnioiden; C, Tetrarhynchoidea; and D,
Phyllobothricidea. (Original.)

kingdom the broad schemes of classification rest in a very
large measure on external characters. Schneider in 1866

attempted to classify the Nematoda on certain peculiarities of .

the muscular system. Hig scheme is now wholly discounted,

use it was found that worms closely related to each other
in every other way were nevertheless widely separated when
classified on the muscular system ; other worms, as widely

.
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different as possible from each other, yvet had a certan type
of muscular system in common ; whilst vet others combined
two types of muscular system in one individual. The head is
of considerable taxonomic value, and, although it shows a little
variation, every other organ will also be found to vary. The
head, being so ensy to examine, is consequently. in the writer’s
opinion, of considerable importance.

Turning to the classification of the Cyelophyllidea, one finds
that the only cheracter common to the various species and
genera of the family Anoplocephalide is the fact that they
have an unarmed head. The essential feature of the family
Davaineids is the presence of a large number of extrémely
small hammer-shaped hooks on the rostellum. In the family
Teniide the head is usually armed with a double crown of
hooks, and the uterus, in practically all species, consists of &
central stem which bears a number of compound lu.t(:.ral
branches on each side. In species of the families Acoleidie
and Amabiliida: a vaginal pore is absent ; and the essential
points of difference between these two families are that in the
former the musculature consists of at least two layers of
longitudinal fibres alternating with three layers of transverse
fibres, and the cirrus is always very large and generally armed
with very strong hooks ; in ‘the latter family the musculature
is relatively feeble and the eirrus is not armed. The family
Mesocestoididm is characterized by the genital pores bch;%;
situated on the flat ventra! surface. The characters dis=
tinetive of the family Tetrabothriide are an unarmed head,
the suckers of which usually carry anterior appendages, and |
the position of the vitelline glands, which are situated
anteriorly to the ovary. -

It will be noted, therefore, that the form of the head has
been considered of sufficient importance to separate off at least
the four families Anoplocephalide, Tetrabothriide, Davaineida,
and Taniide. On the other hand, we find that the presence
of a double set of genital organs in some forms is only cnnsid_or?d
as a generie character, as, for instance, in Dipylidium, Moniezia,
ote. Further, in Dioicocestus the sexes are separate (i. €.,
some strobilae contain only male and others only female organs),
and this character has hitherto been accepted by all as mt'rf‘l.\"
a generie distinction. Lastly, the occurrence of paruterine
organs in gome species ranks, in our present schemes of classi-
fication, as a subfamily character. ,

Sufficient has been said to indicate that whilst certain
characters have been considered adequate to define a family,

" other—and what appear to be more important—characters

only rank as of generie, and sometimes even only of specifie,
value. This lack of uniformity probably arises from three
causes, viz. : (1) that different investigators have different
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opinions as to the relative value of particular morphological
characters; (2) that no thought or attention is given to the
relative value of these characters; and (3) that the relative
value of any particular character can only be adequately
assessed by investigators after they have acquired a prolonged,
varied, and practical experience of the forms they are
classifying.

It will doubtless be agreed that amongst the cestodes, as
amongst all other animals and plants, any particular organ
will vary within wide limits in the different species, and it is
this fact which makes the classification so extremely difficult
and so admittedly artificial. If such variations did not exist,
systematic zoology would be simple. Knowing that they do
oceur, it 18 not surprising that schemes of classification not
based on extensive acquaintance with numerous living forms
are found wanting when tested by the bewildering variety
which oceurs in nature,

If, for example, we included in one genus, or in one family,
all those species in which the genital pores are unilateral, or
if we included in another genus or family those species in
which paruterine organs develop ; or again, if we united those
species in which the head was armed with hooks, or those
species in which the ovary is situated asymmetrically, then in
each of the above cases we should be classifying together worms
which are admittedly very different from each other. Thus
the species with unilateral pores include Anoplocephala,
Hymenolepis, ete.; those with paruterine organs Stilesia,
Metroliasthes, Paruterina, etc.; those with armed heads
Tania, Davainea, and most species of Hymenolepis, ete.

Lastly, let us suppose, using one character asan instance, that
the muscular system of a species of Dibothriocephalus (Pseundo-
phyllidea) was found to be identical with that of a species of
Tenia (Cyclophyllidea), and also with that of a species of
Phyllobothrium (Tetraphyllidea). We should be obliged to
place these three species together because they have a common
type of muscular system. Clearly the result would be chaos.
Nevertheless, it isa fact that some species in each of the three
above-named orders have an identical muscular system. The
matter is of importance, because it has recently been stated
that the muscular system is of one type in the Tetrarhynchidz,
of another type in the Tetraphyllide, and of still another in
the Proteocephalidee.

The arrangement of the muscular system is certainly more
difficult to determine than is the form of the head ; and, further,
it varies widely in different parts of an individual worm. It
is not evident what advantage is gained by changing the basis
of classification, but the disadvantages are very obvious. If
We suppose it to be true that theabove three groups do actually
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possess a different type of muscular system, as has been stated
to be the case, then this fact strengthens the ground for beliey-
ing that the head, which is so different in each group, is as
important in diagnosis as any other organ.

It will thus be clear that any particular morphological
9hara.cter varies within wide limits, and has only a relative
importance. Cestodologists have yet to agree whether a.
head is more important than a pore, a hook more reliable than
& particular type of muscular system, or a paruterine organ
more valuable than an asymmetrically placed ovary, ete., from
a taxonomic point of view. No agreement has yet been reached
on fundamental principles of this nature, and the result is that
great diversity of opinion exists as to the relative value of any
particular morphological feature.

~ Woodland considers that scolex characters count for very
little, and that a more satisfactory scheme of classification
would result, at least so far as the orders Tetraphyllidea and
Lrypanorhyncha and the family Proteocephalidae are concerned,
if more attention were paid to the form of the ovary in trans-
Verse sections, the position of the vagina relative to the uterine
sac, and the distribution of the vitellaria and longitudinal
muscles,

The writer has up to the present accepted in its broad
application Braun’s classification, in which the cestodes
are considered as a class divided into the four orders
Pseudophyllidea, Tetraphyllidea, Trypanorhyncha, and
Cyclophyllidea.

After a long and careful consideration of the various schemes
of classification which have been proposed from time to time,
and which are indicated above, he iz now thoroughly con-
vinced that it is undesirable to retain the above four orders
in their present application, and a new scheme of classi-
fication, differing only in minor points from that proposed by
Pintner in 1928, is adopted in this volume, full details con-
cerning which are given on page 6.

GENERAL ACCOUNT OF THE CESTODES.

Worms of this class are all internal parasites, and they are
rarely found outside the intestine. Stilesia hepatica, however,
oceurs in the liver and bile ducts, and Nematotenia dispar has
been recorded from the pericardial sac of the frog.

Head or Scolex.—It iz by means of this organ that the
worm fixes itzelf to the wall of the intestine. In some cases
(Stilesia globipunciata, Davainea echinobothrida, ete.) the head
lies deeply buried in the mucosa, giving rise to very definite
pathological changes. The head is usually a conspicuous
organ except in the monozootic cestodes and in Ligula.
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In the Cyclophyllidea it bears four muscular cup-shaped
suckers which are referred to as acetabula. Hooks may also
be present, the shape and size of which vary within wide
limits. They are usually borne on a retractile projection
called the rostellum, which is situated on the anterior aspect
of the head. In addition, the four suckers are¢ sometimes
armed with deciduous spines. In other cases the entire
cuticle covering the head and the anterior part of the strobila
may also be armed with minute spinules. Folds of tissue
may develop on the posterior part of the head or on the suckers.
Occasionally the head is lost, and in its place a pseudoscolex
develops, which, in the genus Fimbriaria, is very large and
CONSPICuolS.

The tetraphyllidean head in the two families Phylloboth-
riidee and Onchobothriide consists typically of four ear-like
outgrowths or lappets. In some species these lappets, which
are called bothridia, are simple ; in others they are modified
in various ways. One or more suckers may develop on the
face of the bothridium, or its entire surface may be split up
into loculi by one or many transverse and longitudinal septa.
At its anterior extremity each may bear spines, the shape of
which varies considerakly. Each bothridium may be borne
on a stalk, when it is said to be pedunculated, or the stalk may
be absent. when it is referred to as sessile.

In the family Proteocephalide the head closely resembles

the eyclophyllidean scolex in that it bears four suckers. The:

entire cuticle covering the head, and insome cases that of the
.anterior part of the strobila, may bear minute spinules. In
the genus Gangesia a rostellum is present, armed with spines.

In the Pseudophyllidea the head consists typically of two
boat-shaped sucking grooves called bothria. In some in-
stances the margins of each bothrium fuse, giving rise to a
tubular or conical organ, as in Duthiersia and Bothridium.
Occasionally the bothria are replaced by a terminal fixation
organ or by a pseudoscolex, and accessory sucking organs may
also be present. In a few cases the head is armed with
hooks.

In the order Trypanorhyncha the head typically carries
four long thread-like proboscides armed with hooks of the
most diverse shape, each proboscis being retractile within an
elongated, somewhat cylindrical sac which i8 situated in the
posterior part of the head. In addition, the head bears either
two or four bothridia. In a larval (!) trypanorhynchid
recently described from America the worm possessed four
protrusile, unarmed proboscides, and, as far as can be ascer-
tained, no accessory bothria or suckers were present.

In the monozootic cestodes the head as such may be said to
be absent, but in some species sucking organs are developed.

N
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Attention is called elsewhere to the fact that the posterior part
of the head is, when once established in the final host, a
proliferating area from which segments are heing continuously
budded off.
Veck.—This name is applied to the unsegmented zone which
is found in some cestodes immediately behind the head.
Strobila.—The strobila is the general body of the worm ; it
is composed of a chain of segmenis or proglottides. execept in the
~ monozootic species.

Proglottides.—These vary very greatly in shape and size
not only in different species, but even in the same individuals.
The worm may be composed entirely of shallow segments, i.¢.,
segments in which the transverse dismeter is considerable and
the antero-posterior diameter extremely small : they are
then said to be linear. In other cases the mature or gravid
segments may be longer than broad ; the lateral margin of the
segment may be straight or convex ; the posterior margin of
cach segment may overlap the anterior margin of the succeed-
ing segment, in which case they are referred to as being
imbricated. The term fimbriated or laciniated is applied when
the posterior margin overlapping the next segment is ragged.
Sometimes it is only the lateral posterior edges of each segment
which overlap the next segment : they are then called salient.
In some species of Pseudophyllidea and Trypanorhyncha each
primary segment divides into two or more secondary segments.
Most species of cestodes are flat and delicate, but a few are
fleshv. The ventral side of the worm is that nearest to the
ovary ; consequently it can only be determined in the majority
of forms by making transverse sections, but when a uterine
pore is present it is usually ventral.

Cuticle—Tn the Cestods the cuticle is a thin covering,
resistant and elastic, which may bear minute spines, hairs or
tubercles, ’

Parenchyma.—The bulk of the body of a cestede worm is
composed of connective tissue which is known as 'Iho paren-
chyma. It fills up all interstices _of lhq worm and is typically
divided by the circular muscular fibres into two zones, namely,
the cortical parenchyma and the medullary parenchyma.
Usually the essential genital organs are situated in the medullary
parenchyma, and the longitudinal museles, nerves, and ex-
cretory vessels in the cortical par(.-nt.-h_)'nm. ! 3

Calearcous Corpuscles—These consists of refractile bodies,
often spherical, composed of carbonate of lime, a_u(l measuring
from 5 to 25 u ; they are found most frequently in the cortical
parenchyma. In some species they are much more nhuud_am
than in others. They appear to originate as conecretions
within eertain parenchymatous cells wluc}l (*Vclll.llﬂ!]_\’ atrophy,
‘and, as a result, they are often found free in the tissue.

v
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Nervous System.—This consists of ganglia situated in the
head which give off nerves to the suckers, and from which a
number of longitudinal nerves pass backward through the
whole length of the worm. These are connected together by
numerous anastomoses. Of these longitudinal nerves the
principal are two large lateral nerves, one on each side, situated
external to the muscular system.

Excretory System—This commences in excretory cells
called “flame cells.” FEach is provided with numerous
processes which ramify in the parenchyma ; they are hollow,
the cavity being drained by a minute capillary, and bearing a
tuft of vibratile cilia which in life exhibits a flickering motion.
Numbers of these cells are scattered throughout the paren-
chyma, especially in the cortical zone. The minute capillaries
arising from the flame cells anastomose, and uniting
together form eventually, as a rule, four main longitudinal
vessels (ten in Hymenofimbria), two running along each
lateral margin of the segment, one dorsal and one ventral ;
these open into a minute vesicle situated at the end of the last
segment. When once the latter has been shed, the vessels
merely drain posteriorly. Very frequently the ventral vessel
is larger than the dorsal one, although exceptionally the reverse
may be the case. The dorsal vessel may lie immediately
dorsal to the ventral, or lateral or median to it. In some
species the dorsal vessel may be absent altogether, or may be
present only in the anterior part of the worm, as in certain
species of Avitellina. The genital ducts, viz., the vagina and
the vas deferens, may pass dorsally to both vessels, between
them or ventral to them.

In many species of Psendophyllidea the excretory vessels
cannot. be seen even in transverse sections; in some other
species they are very small and difficult to see.

Muscular System.—In the various orders great diversity

exists in the arrangement of the muscular system. It usually
consists of longitudinal, circular, and diagonal or dorso-ventral
fibres. In the Cyclophyllidea the longitudinal muscles are
typically disposed in single bundles which are sometimes
‘continuous throughout the body. Internally to them are
the circular fibres which, as noted above, divide the paren-
chyma into cortical and medullary parts, the former being
situated externally to the circular fibres, whilst the latter lies .
internally to them. Occasionally the longitudinal bundles are
in two, three, or four layers, with circular fibres between
cach layer. The diagonal fibres are, as a rule, small and ill-
defined. In gravid segments the musculature atrophies, as a
result of which the segments not only break loose from the
«chain, but also rupture easily, thus liberating the eggs.

Genital Pores—The aperture by means of which the vas
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deferens communicates with the exterior is called the male
genital pore, whilst the opening of the vagina to the exterior
18 called the female genital pore.

In the Cyclophyllidea, Tetraphyllidea, and Trypanorhyncha
the uterus is almost always, but not invariably, a closed sac.
The male and female genital pores practically always open
close together, very frequently in a common genital atrium,
which communicates with the exterior by a single aperture.
The uterine opening, when present, is always distinet from the
male and female genital openings. With very few exceptions
the opening of the male and female genital organs is situated
laterally in the three orders mentioned above, and also in
some families of the Pseudophyllidea, viz., Amphicotyliide,
Triznophoride, and Echinophallidze.

In the Cyclophyllidz uterine pores are absent, but in the
genus Mesocestoides both the male and female pores are situated
on the flat (ventral) face of the segment. When a uterine
pore is present it is usually to be found on this surface, but
in some cases it is situated dorsally, as in species of the family

. Ptychobothriide. When the male and female genital pores
are on the lateral margin of the segment they may all open on
the same side of the strobila, in which case they are said to
be unilateral, as in species of Hymenolepis. In other species
the pores open regularly to the left and to the right in succeed-
ing segments ; they are then said to be regularly alternate,
as in species of the genus Leptofania ete. In other cases they
are disposed irregularly on each side of the strobila, and they
are then said to be irreqularly allernate as in Tenia spp. ete.
The position of the pore in each segment varies in different
species ; it may be situated anywhere on the lateral margins
of the segment ; in some cases it is placed slightly dorsally
or ventrally, when it is said to be subdorsal or subventral,

Genital Organs—In the new order Dioicocestidea the sexes
are separate, i, ¢., some strobile contain only male and others
only female genital organs. This condition is unique in the
class Cestoda ; in all other genera the worms are hermaphro-
ditie, i.e., each mature segment contains both male and female
genital organs. In the vast majority of tape-worms a single
set of genital organsis present in each mature segment. Usually
the male genital organs mature before the female, and in some
species this condition is so pronounced that a relathly
considerable portion of the anterior part of the strobila
contains male genitalia only. In some species a doqble set of
genital organs is present in each segment (Dipylidium,
Moniezia, ete.). :

In the family Fimbriariide the reproductive organs are
apparently not arranged segmentally. In the genus T'riplo-
tenia there is one ovary, yolk-gland, testis, and vagina, but
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four or five cirrus pouches in each lateral half of the segment.
In the genera Diploposthe and Amabilia every mature segment
contains a single set of female genital organs, with a cirrus
pouch at each Jateral margin.

1t will therefore be seen that considerable diversity exists
in the arrangement of the genital organs.

The monozootic cestodes may be considered as consisting of
a single segment bearing weak fixation organs anteriorly and
containing a single set of genital organs.

In the pseudophyllidean genus Ligula, and in a few other
cyclophyllidean genera (Parvirostrum ete.), although the genital

organs are segmentally arranged, the corresponding segmenta-

tion of the strobila is very indistinct.

Segments in which the genital organs are not developed
at all, or only partly developed, are said to be immature.
Those in which they are fully developed and functioning.are
mature, and those in which the uterus contains eggs are

gravid.
1t must be clearly understood that the anatomy of a

segment varies considerably in parts of the same strobila.

As the growth of the worm is from the head backward, those
segments at the anterior end of the strobila are the youngest
and those at the posterior end the oldest. The result is that
the anterior pmglottides present degrees of development from
the stage in which it is impossible to distinguish even the
rudiments of the genitalia to that in which these organs are
fully developed. \

Male Genital Organs.—The plan on which these organs are
arranged is the same thronghout the entire class Ccstodn,
the differences which exist being limited to minor details
(fig. 2).

Testes—The testes are usually very numerous and situated
dorsally in the medulla, but in the genera Monticellia,
Rudolphielia, Marsypocephalus, and Amphicotyle they lie in the
cortex. In cectain species of Tetraphyllidea and Trypano-
rhyncha the mature segments contain a number of fibrons
cnivsules, in each of which there are five or six testes. In the
genera A ploparaksis, Diorchis, Hymenolepis, and Oligorchis
each mature segment containg one, two, three, and four testes
respectively. In some species of T'an ia each mature segment
contains about 500 testes.and in some other genera the numbey
is even greater. They may lie along the lateral margins of
the segment, in which case they are said to be in two fields ;
in other species they lie posteriorly to the ovary : in yet others
anteriorly ; and in still other species they may surround it.
They may be confined to the space between the excretory
vessels, or they may extend laterally to them. :
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From cach testis a vas efferens arises. It is so minute that,
except in some species of Hymenolepis, Stilesia, etc., it is
rarely seen even in sections. The vasa efferentia unite into a
common duct called the vas deferens; usually this duct is m‘ucli:-%
coiled, and it runs to the genital pore. The terminal part of the
vas deferens (the cirrus)is surrounded by a muscular organ
called the cirrus sac ; this is usually small. but in many species.
of Hymenolepis it is a very conspicuous structure, extending
almost across the entire breadth of the segment. This mus-
cular pouch is concerned in the protrusion and retraction of

oud.

[ J T o / S.Q.

" Fig. 2. Dingram represonting the male and femalo genitalin of a Trnioidenn
vestode,  (Original.) For explanation of the leétfering on this
and other figures, oo p, xxvii,

the terminal part of the vas deferens; this usually lies coiled
within the cirrns sac, is often modified, and may be covered
with minute spines. Owing to the fact that the male and
female genital organs may mature at different times in the
same strobila, receptacles are developed on the vas deferens
for the storing of spermatozoa ; such a dilatation is called a
seminal vesicle. When it develops on any part of the vas

- deferens situated outside the cirrus sae, it is called the external
seminal vesicle, whilst when it develops on any part lying
within the sac it is referred to as an internal seminal vesicle,
In some species a seminal vesicle is entirely absent, in others
one vesicle is present, whilst in yet other species there are two.

NOL 3. ' ¢

'
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Occasionally a portion, or the whole, of the vas deferens may
be covered with glandular cells to which the name prostate
gland has been applied. The relation of the eirrus to the ter-
minal part of the vagina is often a point of some importance ;
the sac may be anterior throughout the entire strobila ; in
other casts its position varies even in one strobila, it being
situated anteriorly in some segments and posteriorly in others.

The cirrus sac may also be dorsal or ventral to the terminal
part of the vagina. Here again in some species it is always
either dorsal or ventral, whilst in others it is sometimes dorsal
and occasionally ventral even in the same strobila.

Female Genital Organs.—The female genital organs consist
of an ovary which discharges eggs into an extremely fine
oviduct : the latter branches into two larger ducts : one, called
the vagina, leads to the genital pore, and the other, named the
uterus, becomes filled with eggs, and may or may not open to
the exterior. In addition, two glands, the vitelline and shell
glands, discharge their secretions by means of ducts into
the oviduct ; the latter is. however, not invariably present

fig. 2).

( %w&y.-——Except in the genera Monticellia and Rudolphiclla,
the ovary is invariably sitnated ventrally in the medullary
parenchyma. In the vast majority of species it is bilobed or
butterfly-shaped, the two lobes being united by a narrow
isthmus, In some species (and, according to Woodland, in all
Phvllobothriidze and Tetrarhynchide) the organ is bilaminate,
i.e..it consists of two dorsal lobes and two ventral lobes united
in the middle. In other species it is apparently a single, more
or less globular or oval organ. It may be situated in front of
or behind the testes, or, as noted above, it may be surrounded
by testes. Also it may occur either in the posterior, middle,
or anterior part of the gegment, and in some species it is
situated asymmetrically, usually in that half of the segment in
which the pore occurs. In spccies which possess double
gcm’talia there are two ovaries in each segment, one on each
side.

Vagina.—From the genital pore, whether this is situated on
the lateral margin or on the ventral surface, the vagina runs,
usnally, in a slightly curved course to the ovarian isthmus,
A short portion of the vagina near the pore is sometimes
dilated, as in the genera Stilesia and Avitellina, and this is
referred to as the vulva.

Near the ovarian isthmus the vagina often dilates, and such
a vesicle is called a receptaculum seminis ; it functions in
storing spermatozoa until they are I‘ﬁ‘qll.il:(-fd.

In the families Acoleide and Amabiliide, and also in the
genus Aporina, & vaginal pore is said to be lacking. In the
former family the cirrus is armed with strong spines, and
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apparently penetrates the tissues during copulation. In the
genus Zatria the distal end of the vagina, instead of opening
to the exterior, turns backward into the next following segment,
and opens into the receptaculum seminis of that segment.

Oviduct.—From theovary a shortminute duct—the oviduet—
arises ; ova discharged from the ovary pass along this channel
and are fertilized in its proximal part. For this reason this
portion of the oviduct is called the fertilization canal or oiitype.
Near its origin there is sometimes a small muscular dilatation
called the eqg-swallowing apparatus, which is concerned in
the propelling of the ovarian cells forward. The ducts from
the vitelline glands, when these are present, and from the shell
gland, when this is present, discharge their contents into the
fertilization canal. The distal part of the oviduct is con-
tinuous with both the vagina and the uterus ; the two latter
organs may, for the sake of simplicity, be considered as the
two limbs of the letter U, the oviduct opening in the middle
of the basal curvature. As we have noted above, the vagina
runs to and opens at the genital pores. The uterus will be
considered later. .

Vitelline Glands or Yolk-glands—Great diversity exists with
respect to the arrangement and disposition of these glands.
In the Cyclophyllidea the acini are condensed into a single
gland, which, as a rule, is placed posteriorly to the ovary ; it
is always situated in the medulla. In species possessing
donble female genital organs the vitelline glands are also
duplicated. In the genera Stilesia, Avitellina, and Thysano-
soma, the glands are entirely absent, whilst in the genera
Ascotaenia and Thysaniezia they arve rudimentary.

Lithe (1910) and Meggitt (1924) state that the wvitelline
follicles in the order Tetraphyllidea are situated in the cortex.
The writer found them external to the longitudinal muscle
layer in the genera Thysanocepl alum: and Pedibothrium. In
the genera Tylocephalum, Cephalobothriwm, and Balanobothrium
they lie internally to the longitudinal muscles, whilst in Adelo-
hothrium they are intermingled with the longitudinal muscle
bundles. Woodland (1927). however, states that they are
situated in the medulla, All authorities agree that the glands
are usually in two lateral strands, although in some species
they develop an annular arrangement in the posterior seg-
ments. In the genera Monticellia and Rudolphiella they ave
definitely in the cortex. Cooper (1918) stated that the glands
were mostly cortical, seldom medullary, in the Pseudophyllidea.
He figured them as being external to the longitudinal muscles
in Bothriocephalus claviceps, B. cuspidatus, and other species,
a.nd'internall_v to the muscles in Abothrium rugosum. Nybelin
(1922), in his monograph on the Pseudophyllidea, figured the

glands as being external to the longitudinal musc]e; in three
c
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species of Eubothriwm, whilst in other species of this genus
they are intermingled with the muscles. In the genera
Parabothrium, Abothrium.and Priapocephalus they are external
to the longitudinal muscles. In some genera they encircle
the segments, whilst in others they are restricted in position
to two narrow, longitudinal, lateral tracts.

Our knowledge as to the position of these glands in the order
Trypanorhyncha is not sufficient to justify us in making a
definite statement, but in all the species that have been studied
they are situated in the medulla, although it is true that in
most of these species the division into a cortical and medullary
parenchyma is ill-defined. It is, however, definitely known
that they almost always encircle the segment, but in some
species their distribution is certainly limited to the lateral
margins of the segment.

In the monozootic cestodes the vitelline glands are apparently
gituated in the medulla, and consist of two lateral tracts.

Shell gland.—The function of this organ (which is always
small) is unknown. It received its name because the early
helminthologists were of opinion that it was concerned in the
formation of the shell ; it'is now known that it does not form
the shell. The gland is usually situated close to, and posterior
_to, the ovary, but occasionally it appears to consist of a duct-
less glandular thickening on the wall of the fertilization canal.
In some species it appears to be entirely absent.

Uterus.—The structure and form of the uterus varies within
wide limits in different species. Amongst the Cyclophyllidea.
in forms like Hymenolepis spp., it usually consists of a trans-
verse gae (with lobulated walls) which entarely fills the segment.
Tn most species of Tenia it is a central stem with a number of
Jateral compound branches on each side. In species of
Dipylidium it is composed of a reticular network in the inter-
stices of which capsules occur ; each of the latter contains
one or more eggs. In the family Davaineide the uterus,
as such, disappears, and is replaced by parenchymatous

capsules. These may be globular, oval, or polygonal, and

each may contain one or several eggs. In certain other ces-
todes the uterine walls disappear, and the eggs apparently
lie free in the parenchyma. In species of the genera Stilesia,
Auwitelling, Thysanosoma, Ascotenia, Thysaniezia, Metroliasthes,
Biuterina, Idiogenes, Culeitella, and Rhabdometra the uterus is
replaced by one or mar¢ fibrous capsules (par-uterine organs)’
into which the eggs pass. >

In the Cyclophyllidea the uterus does not open to the
exterior : the eggs are liberated by the disintegration and
rupture of the cortical parenchyma of the segment, ‘In at
least one species of Avitelling the eggs are discharged into the
longitudinal excretory vessels.

o




INTRODUCTION. 21

The essential genital organs gradually atrophy as the uterus
develops, so that in fully gravid segments no trace of them
i5 to be found, and the segment becomes practically a bag of
eogs.

gln the Pseudophyllidea the uterus usually consists of a
convoluted tube which in some species assumes the form of
a rosette. In the family Amphicotylide it is sac-like, and
in a few species of this order the uterine wall apparently
disappears and the eggs lie free in the medullary parenchyma.
In almost all species the uterus opens to the exterior by meéans
of a pore, which in some families is marginal (Amphicotylidze
and Trienophoridae) : in one family (Echinophallide) it is
submarginal, in Ptychobothrium it is dorsal, whilst in all the
other families of this order the uterine pore is ventral, 4. e,
situated on the flat side of the segment. It is to be noted that
in this order the essential organs do not atrophy as the uterus
develops ; this constitutes » difference from the Cyclo-
phyllidea.

In the Tetraphyllidea the appearance of the uterus varies
considerably in different. families. In the Onchobothriide
and Phyllobothriida it usually consists of a lobulated elongated
sac. In a few species it is known that this sac definitely
communicates with the exterior by means of & primary uterine
pore situated on the ventral (flat) face of the segment ; but
i the vast majority of cases the eggs appear to be liberated
by rupture of the wall of the segment, as in the Cyelophyllidea.

It should be remembered. however, that in species of the

above two families segments become detached from the chain_

before they are gravid, and in these instances the appeara
of the gravid uterus is only known in a few species.

In the Proteocephalide the uterus resembles, in a
way, that found in the family Taniide (Cyelophyll
that it consists of a central stem with lateral branches
the former family the central stem is usually compa
wide, as are also the lateral compound branches ; mo
in this family the uterus in each segment usually opens t
exterior by one or more pores. .

In the order Trypanorhyncha the uterus is similar to that
found in the two families Onchobothriidm and Phyllo-
hothriidae (Tetraphyllidea).

In the monozootie cestodes the uterus in Amphilina is long
and N-shaped, whilst in Gyrocotyle it is a closely convoluted
tube lying in the mid-longitudinal axis and opening again near
the anterior extremity.

Copulation.—Spermatozoa are transferred to the oviduct
by means of the protrusile cirris ; the ova of one segment may
be fertilized by the spermatozea from the same segment or
from another segment of the same chain: or, when many
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strobil® are present in the same host, by spermatozoa from
another strobila. In the family Acoleid® a vaginal pore is
usually absent, and during copulation the eirrus apparently
penetrates the tissue of the segment and the spermatozoa find
their way to the ova.

Fggs.—The ovum is fertilized in the distal part of the oviduet
(odtype), and it then receives the secretions from the vitelline
gland and shéll-gland when these are present: the whole is
then cnclosed in an egg-shell. In some cases the egg-shell
appears to be developed from special vitelline cells, whilst in
other cases it scems to be developed from cells derived from
the segmenting ovum. In all cases the egg, when passed to
the exterior, consists of a ball of eells (a morula) which contains
typically six minute hooks, although in some cases ten or
more may be present. This morula is called an oncosphere or
a hexacanth embryo. Tt is usually enclosed in one or more
envelopes or coverings. The one immediately surrounding
the embryo, and secreted by the embryo, is called the em-
bryophore. The outer covering is the egg-shell ; between these
two envelopes a third one is sometimes present, whilst in other
cases the space between the two envelopes is filled with
albuminous material or yolk.

In some genera of the family Anoplocephalide, the em-
bryophore, instead of being a globular or oval sac, as in most:
other cestode eggs, is peculiar in that at one pole there are
developed two prolongations, like the blades of a pair of scissors,
and these may cross each other when fully developed. Such a
structure is called a pyriform apparatus. In all eggs of the
genus T'wnia the egg-shell proper is a very delicate structure
which is almost invariably ruptured and lost before the eggs
(which, like most other cestode eggs, are passed in the faces)
reach the exterior. In such eggs the embryophore develops
and becomes a very thick, radially striated structure, such a
covering being necessary for the protection of the embryo.

Some eggs are colonrless (Hymenolepis, Dipylidium, ete.),
others are straw-coloured or light vellow (Dibothriocephalus),
whilst in the case of all species of Tania they are brownish
when passed. They may be round, oval, or asymmetrical, and
in some cases filaments are horne at one pole of the embryo ;
they vary in size from about 15 to 120 p. s

In some genera of Pseudophyllidea the eggs are operculated,
i. e., they bear a circular cap-like lid at one pole. This, which
is called an operculum, fits very tightly, and in immature eggs
it is often difficult to see. The operculum opens and allows
the embryo to escape when the conditions are snitable,

Development and Life-history.—1t should at once be remarked
that, although many thousands of different species of tape-
worms have been described, we are familiar with the life-

e
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histories of comparatively very few (about 40). In all cases
in which the life-history is known, further development of the
egg takes place only after it has been swallowed by another
host. Tt is quite possible, however, that. as knowledge in-
creases, it may be found that many species do not require an
intermediate host, and that in others: two intermediate hosts
are required.

It is a very remarkable and suggestive fact that, with one
or two exceptions, all species included in the family Anoplo-
cephalide occur in herbivorous and fruit-eating animals. In
these cases it is diffieult to believe that an intermediate host
18 necessary. It is of course possible that the larval form
may develop in some small animal which is swallowed by
the final host whilst eating grass, etc., but in the case of
Moniezia all attempts to discover a larval cestode in insects,
ete., which might be, and doubtless are, swallowed by sheep
or cattle during feeding, have proved futile. This circumstance
suggests the probability of the life-history being direct, and
that in species of this genus infection with the adult worm
takes place as a result of the eggs being swallowed. On the
other hand, all attempts to infect lambs by feeding them with
?g.?s d(.)f Moniezia, and alzo rabbits with eggs of Citfotenia, have
ailed.

As far as is known at present, all species of cestodes require
at least two hosts to complete their development, except
Hymenolepis nana. In the latter case the eggs, when swallowed
by the proper host, penetrate the villi of the intestinal wall,
develop into larvee, drop into the lumen of the gut, to the wall
of which they attach themselves, and then become adult.
In this case the larval form and the adult worm develop in one
individual as a result of the egg or eggs being swallowed.

In the Cyclophyllidea, Tetraphyllidea, and Trypanorhyncha,
as far as is known, two hosts only are required. The first, or
intermediate, host usually becomes infected with the larva
as a result of the pollution, with fecal matter containing eggs,
of the food or water taken by the animal. But from the egg
only a larva can develop. The infection of the final host in
which the adult worm oceurs is brought about as a result
of the final host devouring portions of the intermediate host
infected with the larval form. 1In all cases the infection of
both the intermediate host with larvae and the final host with
adult worms is brought about as a result of feeding in which
the eggs or larve, always passive, are carried to their desti-
nation without any effort on their own part.

In all species of the Pseudophyllidea in which the life-
history is known three hosts are required : the first larval
host is a Cyclops or other crustacean, the second is a fresh-
water fish, and the third is the host in which the adult worm
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oceurs ; here again the connection existing hetween the various
hosts is a food relationship. ;

Turning now to those species about which we have some
knowledge, we find that in rare instances, e. g., Hymenolepis
nana and Tenia solium *, further development may take place
when the eggs are swallowed by the final host : but in all other
known cases, as we have noted above, a special intermediate
host is necessary. This may be either a vertebrate or an
invertebrate ; larvee have been recorded from jellv-fish. In
any case, when the egg is swallowed by a suitable host the em-
bryo (oncosphere) escapes from the shell after this has been
subjected to the influence of the digestive juices. The embryo
is a small body, rarely measuring more than 20 yx, and usually
much less ; it is amazingly active when once it has reached its
proper host—a striking fact when one remembers that this is
the only stage in its life-history when any degree of mobility
is manifested. Such movements are necessitated by the fact
that the naked and unprotected embryo must make its own
way to the tissues of the host and finally encyst ; otherwise it
would be voided in the feces. With the assistance of its
hooklets it bores its way through the intestinal wall and is
carried to its normal habitat. This varies widely in the case
of different. species. When the intermediate host is a verte-
brate, the larva nsually enters a lymphatic or blood-vessel,
and is presumably carried all over the body. The Jarve of the
varions cestodes exhibit remarkable selectivity for particular
sites for their further development. ‘In Tanta saginata, for
example, the final larval stage is found only in the muscular
system of the intermediate host, which in this case is the ox,
and in the case of T'enia mulliceps the larvee only oceur in the
brain of the sheep. When the intermediate host is an arthropod,
the final larval stage is found in the body-cavity.

We have already noted that, except in Hymenolepis nana,
the final host ean only become infected with the adult by
swallowing the larval form. The latter consists essentially of
the head, o scolez, of the future worm, usually enclosed in
one or more membranes. When this is swallowed, the
membranes are digested and the larva is set free in the lumen
of the digestive tract. By means of its suckers (and hooks, if
they are present) it attaches itself to the wall of the intestine.

Growth.—The posterior portion of this head, or scolex, con-
siste of proliferating tissue which, after the head becomes
attached, is continually budding off new segments. At first
these are very shallow—almost linear.—but as they hecome
pushed further back, owing to other segments heing produced,
they gradually elongate and develop reproductive organs and,

* In this epocion the cge develons into n Cysticercus eellulos when
swallowed acoidertnlly by Man; but the normal host of the larva is the pig,
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finally, a uterus full of eggs. So that, whilst the segments
immediately behind the head of any worm are small. and
contain at most the rudiments of the genitalia, those in the
middle of the worm contain fully developed genital organs,
whilst the posterior segments are full of eggs.

Larval Forms.—Various types of larvie occur, but they are
reducible to two main forms, viz. :—

Solid Larve.—In this type the fertilized ovum continues
uninterruptedly to segment, giving rvise to a solid larva
which, if globular, is called a plerocercus, and, if elongated,
a plerocercoid :* the larval form of Dibothriocephalus latus is of
the latter type.

Bladder Larvee, such as those produced by the various
species included in the genus Tenie. In these instances
the egg when swallowed by the intermediate host is carried
in the usual manner to the musecles or other tissues. On
arrival, the cells in the centre of the segmenting embryo
liquefy ; there is thus produced a small spherical body whose
periphery is lined internally by proliferating cells, and in the
centre of which there is a space containing liquid. Whenever

(this liquefaction of the centre of an embryo takes place, a

bladder-worm of some sort is invariably produced. Three

‘main types of bladders can be differentiated, viz, —

A. A cysticerens such as €. bovis.—In this type there is one
he'nd. As the oncosphere enlarges, consisting as it does,
primarily, of peripheral cells and a central cavity, a small
invagination of the wall takes place, comparable to that which
would be produced by pressing a finger into a soft india-rubber
ball. At the hottom of this invagination the head of the adult
worm develops, and this head can be evaginated. The result is
that there is produced one bladder and one head. In the case
of €. bovis and C. celluloss theso bladders grow until they are
the size of a small pea. Usually the head appears to be near
one pole inside the evst or bladder, and it can be seen with
the naked eye, in fresh' specimens, as a milky white patch
about the size of a pin’s head. When alive and fresh the head
can be evaginated easily by light pressure between two slides.

The cysticerci, or larval forms. of the different speeies of the
genus Tania show considerable variation in form. and special
names have been applied to them, as follows :—

(1) Strobilocercus Sambon, 1924 —1In the larva of 7.
taeniaformis a chain of segments is budded off, in which,
however, no genital organs are developed.  On aceount of this
larval peculiarity the adult worm has also been placed in a
special genus or sub-genus to which the names Hydatijera
Goeze, 1782, and Rediteric Sambon, 1924, have been applied.

(2) Dithyridium Rudolphi, 1819 (= Piestocystis Diesing,
1850),—This form is called a plerocercoid by many authors.
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The latter term should be reserved for the larve of the
Pseudophyllidea. It is elongated, and possesses a solid
bo@y without a caudal bladder. Anteriorly the scolex,
which is provided with four suckers, but which is devoid of
rostellum and hooks, is invaginated into the body in such a
way that the head is turned inside out. It is probable that
this larval form represents one or more species of the genus
Mesocestoides.

(3) Cysticercoid Braun, 1883.—This is allied to a cysti-
cercus, from which it differs in that the bladder is but
slightly developed and is usually re-absorbed or cast off.
Several modifications of the type occur, viz. i—

(@) Cryptocystis Villot, 1882.—This form occurs in the

- development of species of the genus Dipylidium. When the
oncosphere liquefies, the cavity preduced is relatively small.
The larva elongates in such a way that it becomes literally
divided up into a tail-like posterior part which contains the
remains of the bladder and the embryonic hooks, and an
anterior larger part which bears at its anterior extremity
four suckers. The posterior part of the larva is cast off and
atrophies, leaving only the solid anterior part, which may be
considered as itself consisting of two parts, viz., an extreme
anterior area on which suckers and hooks develop, and a pos-
terior portion into which, eventually, the anterior part sinks.
The scolex thus comes to be surrounded by a double wall, the
whole simulating a cysticercus in appearance.

(b) Cercocystis Villot, 1882.—This type of larva occurs in
the development of some species of the genus Hymenolepis.
It resembles a eysticercus except that the tail is not cast off.

(¢) Monocercus Villot, 1882.—This name is applied to those
larvae in which the scolex proper eventually lies free within the
blastogene. 1t occurs in the development of some species
of Anomotwenia.

(d) Polycercus Villot, 1882, —This resembles a monocercus
except that several scoleces are formed within a single blasto-
gene. It is to all intents and purposes a cenurus, from which
it differs only in the following two points: (1) the scoleces
become detached from the wall, and (2) they develop in a
different manner,

There are other interesting modifications of the cysticercus
type which cannot be considered in detail here. .

B. Cenurus Rudolphi, 1803.—Types :—Ccenurus cere-
bralis in the brain of sheep: Cenurus serialis in the sub-
cutaneous tissues of the rabbit ; Coenurus gaigeri in the nervous
and subeutancous tissues of the Indian goat.

This is a vesicle usually as large as a golf ball, and sometimes
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larger. It consists of a single bladder and many heads. Each
head is produced by an invagination of the wall in & manner
precisely similar to what occurs in (. bovis. The cysts
are easily differentiated from a hydatid by the following
characters :—

The individual heads are large, always attached to the wall
and easily seen with the naked eve, being milky white in colour :
they oceur in conspicuous clusters here and there on the cyst
wall, the rest of which is free from seoleces, whereas in a hydatid
cyst the brood capsules (which contain scoleces) ave small and
difficult to see with the naked eye: the wall of the cyst is
homogeneous and does not show the milky-white patches so
typical of a ccenurus.

C. Echinococeus Rudolphi, 1801.—The hydatid cyst in the
liver (and other organs) of cattle. horses, sheep, etc., and occasion-
ally in man, The adult worms are T@nia echinococcus and
closely related species, found in the dog, cat, fox, ete. This
is the largest of all tapeworm cysts : it attains the size of a
child’s head. Tnits final form it is full of liquid, in which many
bladders and many heads occur.

_ Whereas in eysticercus and ceenurus each invagination Lives
rise to one head only, which never becomes detached from the
cyst-wall, in echinococeus each invagination produces either
(1) a brood capsule or (2) a daughter eyst. both of which become
detached from the wall of the cyst.

In the case of a brood capsule the cavity of each of the
original invaginations becomes studded with secondary in-
vaginations, so that there is produced a ball of heads which
separates from the wall of the cyst and comes to lie in the liquid
filling the cyst. This ball of scoleces is always small, much
smaller than that of a single head in conurus and cysticercus,
and it rarely measures more than 1 mm. Having separated
from the wall of the cyst, the parenchymatous tissue holding
the heads together disintegrates, and thus the scoleces become
detached from each other within the original cyst. A hydatid
eyst containg an albuminous or serous fluid from which. when
allowed to stand, a sediment settles at the bottom. This
sediment iz often called “sand.” Tt consists of enormous
numbers of extremely small. solitary scoleces and a large
number of brood capsules in process of disintegration into
separated scoleces.  As, however, the internal wall of the eyst
is in a continuous state of proliferation, the process of dis-
integration is never completed.

In cattle a veryheavyinfection with hydatid cysts iscommon,
and in such cases the individual cysts are smaller than usual
and very frequently sterile or barren—that is, no “ sand ” is
produced inside the cyst.
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A few of the original invaginations may, instead of ceasing
to grow when they attain a size of about 1 mm., grow very
large, frequently as large as a small hen’s egg.and they are then
known as daughter cysts. They, too, become detached froyl
the wall of the parent cyst, and resemble the parent in
every particular, except that they are smaller. Frequently,
when a hydatid cyst is punctured these daughter cysts float
out like small balloons.

The daughter cysts are of two kinds, viz., endogenous when
they develop inside the parent cyst, and exogerious when they
grow outside the wall of the parent cyst. _ ‘

Occasionally, in the liver of an animal, the parent cysts grow
under considerable pressure. In such cases the. cysts, u}stead
of being globular, grow by tunnelling a way in the tissues,
and portions of these channels may become isolated.
This type of hydatid is referred to as FEchinococeus
multilocularis. !

Each of the above types of bladder worm, i.¢., eysticercus,
canurug, and echinococeus, is produced from a single egg.

In cysticercus one bladder and one head (the infective
organism) results, so that one egg eventually produces again
only one adult worm. In conurus and echinococens, hmvcvgr,
large numbers of heads or scoleces are produced, so that in
both these instances one egg, having passed through the inter-
mediate host, eventually gives rise to a very large number of
adult worms. Where one egg gives rise to more than one
adult, asexual multiplication (alternation of generations or
heterogeny) has taken place.

In cysticercus no alternation of generations, or asexual
reproduction, oceurs, because, as pointed out above, one egg
produces finally only one adult worm.

Diagnosis of Cestode Infections.

This is often a difficult matter ; in infected animals the
fieces usually contain eggs, and these can b(.s found whe_n a
smear of fecal matter is examined microscopically. In light
infeetions it may be necessary to concentrate the eggs .from a
small quantity of feces.  To find eggs in the case of herbivarous
animals like the horse it is usually necessary to make the
fieces liquid by the addition of water. A portion is then
taken and strained through a fine sieve, or through butter
cloth. The eggs in the filtrate are then concentrated in the
usual manner. a

Many of the larger worms such as 7. solium, 7. _sagynqta,.
Dibothriocephalus  latus,  Moniezia spp.. and Dapyluhz_zm
caninum, ete., pass segments in the faeces which can be easily
identified, -

2
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Relation of Host to Parasite and Parasite to Host.

It is true that we are familiar with the results of parasitism
in man and in those domestic animals of importance to man ;
but we know very little regarding the effects produced by
cestode parasites in birds and other lower animals, since these

are unimportant economically.

In mammals an eosinophilia, varying in intensity up to 60
or 70 per cent., sometimes oceurs in an individual infected
with either cestodes, trematodes, or nematcdes.

The parasites may be so numerous, or so large, as to oh-
literate the lumen of the intestine. It appears eertain, however,
that the symptoms, when these are present, produced by
cestode parasites are due in a large measure to the excretory
products called toxins, which are elaborated by these parasites
and absorbed by the host. '
_In man the presence of a cestode worm usually produces
discomfort, and not: infrequently gives rise to nervous and other
symptoms.  There is no part of the human body from which

Cysticercus cellulosm has not been recorded. Should this larva

occur in musele, connective tissue, ete., its presence is more or

bortant, but if it occurs in the eve or brain, as it
frequently does. the results are serious.

Laul}bs infected with Wonie-ia do not thrive, and are usually
anemic. On the other hand, dogs are found apparently quite
healthy, but nevertheless harbouring one or more parasites.

The larval form of 7Tenia tenieformis (Cysticercus fascio-
laris) may oceur so abnndantly in the liver and body-cavity
of rats and mice as to prove fatal, and Sambon associates this
condition with cancerous growths frequently found along with
the parasites.

The writer recently examined a duck which had died, and
found several hundreds of tapeworms in its intestine : the
conclusion that these parasites were responsible for the death
of the host was irresistible.

Davainea friedbergeri gives rise to purulent desquamative
intestinal catarrh, with general anmmia, in pheasants.

Many hundreds of crows (Corvus spp.) in Caleutta have been
examined, and all, without exception, were found more or less
heavily infected, in spite of which they appeared healthy.

Amongst reptiles the writer has never ohserved any sign of
disease. éven when large numbers of cestode parasites have
been present in the intestine, and the same ecan be said about
elasmobranch fishes. Amongst marine teleostean fishes, how-
ever, diseased conditions are much more common, Cystic forms
frequently occur, not only in the body-cavity, but in the mus-
eulature, especially in the lumbar museles. When in the latter
position the cysts, which often attain the size of 10 mm.,
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atrophy and disintegrate ; the result is that inflammatory
reactions on the part of the host take place, necrosis
oceurs, and pus forms producing an ulcer often 2 inches in
diameter.

Very few observations have been made relating to the
effect on the parasites produced by different hosts.

Amongst elasmobranch fishes the relation of the host to the
parasite, and vice verse, is one of considerable importance.
The adult parasites almost invariably occur in the spiral valve.
When the head of the parasite becomes attached, its position
is at first marked by a prominent hwmorrhagic patch. Later
on the heemorrhage ceases, and the position of the head of the
worm is much less distinct. Calcification of the area then
commences. and results in the production of large calcareous
nodules with which the spiral valves of old infected fish are
studded. As a result of this calcification, the head of the para-
site becomes subjected to pressure and breaks up, later on
itself becoming calcified. The worm thus becomes detached
from the wall of the intestine of the host and is passed to the
exterior. Hooks of Acanthobothrium ijimai and Acanthoboth-
riwm coronatum have been found by the writer in the calcareous
nodules which oceur in the spiral valve of various species
of Dasybatus and Carcharias, and there can be no‘doubt
that the pathological reactions of the host have the effect
of limiting the infestation.

Orientation of a Cestode.

The anterior end of the worm is here considered as being
that extremity which carries the head, and the posterior
extremity that furthest removed from the head. The ventral
surface of the worm is that surface nearest the ovary.

In the Cyclophyllidea, Tetraphyllidea, and Trypanorhyncha
with few exceptions, and in some Pseudophyllidea, the ventral
surface can only be determined by locating the position of the
ovary in transverse sections. When a uterine pore is pregent
it is nsually situated ventrally, as in most species of the order
Pseudophyllidea (except the family Ptychobothriide) and in
the family Proteocephalide. TIn these cases the ventral
surface can be determined without sectioning.

In certain species of the genus Avitellina it is often extremely
difficult, if not impossible, in the absence of a scolex, to deter-
mine which is the anterior and which is the posterior part of a
fragment of a worm several inches in length. This circum-
stance is due to the fact that external segmentation is not
evident, although the genital organs indicate that the
segments are extremely shallow, often noft more than 50 p
in length,

.
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Abnormalities,

Abnormalities and malformations are extremely common.,
Fenestration of the strobila has been deseribed, and worms with
two heads, sterile segments interpolated between mature or
gravid segments, imperfect segmentation, fusion of segments,
entire or partial duplication of the genitalia, ete., are by no
means rare.

Species of Twnia are sometimes found in which, instead of
there being two rows of hooks, the rows are indistinet, and the
hooks appear to be irregularly arranged on the rostellum.
Larval nematode parasites have been found in the longitudinal
excretory vessels, and the writer has frequently encountered
what appeared to be clusters of parasitic organisms in the
parenchyma of the strobila. On one or two oceasions he has
obtained worms in which calcification had commenced.

Anoplocephala perfoliata is a parasite of the horse. In a
large number of specimens of this worm taken from a zebra
it was found that, although the male and female genital organs
developed in the normal manner, no cges were produced—the
posterior half of the worm, the segments of which should have
contained a gravid uterus, were sterile.

Position of Cestode within its Host.

Adult cestodes are, with few exceptions, parasitic in the
intestine of vertebrates, Stilesia hepatica occurs, however, in
the liver and bile ducts of sheep, and a species of Nematolenia
has been recorded from the pericardial sac of a frog. Tetra-
phyllidea are rarely found except in relation with the spiral valve
of elasmobranch fishes. Baer has recently reported species
of Hymenolepis from an insect. Larval forms of cestodes
have been recorded from practically all elasses of animals,
from jelly-fish upwards, and in nearly every type of tissue or
cavity.

Fixation and Preservation of Cestodes,

Except in large animals such as cattle, horses, ete., the
intestine Should be removed from the pylorus to the anus, and
freed from mesenteric tissues until it can be Iaid out in the form
of a more or less straight tube. Where eggs or gravid seg-
ments are to be examined, portions of the facal matter from
the lower part of the rectum should be removea and preserved
as indicated below. The intestinal wall is now split open
longitudinally from one end to the other, placed in a basin,
and washed in running tap-water for one or two hours. [f
thig is not possible, then it may be placed in fresh wafer,
changed three or four times, until the internal intestinal wall
is perfectly clean. It is advisable in the latrer case to stir the
tissue at frequent intervals ; when the water is changed, care
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should be taken to remove any segments, or worms, from tha
debris. If the intestine is too large to place in a basin it is
best to cut it up into suitable lengths and examine each part
separately. It is found that in fresh water the worms, after
a time, loosen their hold on the tissue and become free in the
water. This is very important, because when a head is present
the identification of the parasite iz a comparatively simple
matter. If, however, the worm possesses no head, the identifi-
cation of the species is often impossible. The worms should
never be forcibly pulled off from their attachments, because
in s0 doing the heads are almost certain to be left behind.
Normal salt solution should not be used for washing the
worms. Meggitt (1924) states that cold water also should not be
used for washing them, but in the writer’s experience excellent
results have been obtained by the method detailed above.
After having become free. the worms should be removed to
another basin and washed in running water for an hour or
two, or. failing that, in frequent changes of water. They
should then be preserved in 3 per cent. formalin. T the worms
are small theyean be placed directly in the 3 per cent. formalin.
In some instances the parasites are so minute that they can
hardly be seen with the naked eye. as, for instance, in Amabo-
tenia sphenoides, T'ania echinococeus, and. Davainea proglottina,
ete. To find these worms it is often necessary to examine
with a hand-lens the sediment obtained after washing. 1In
some cases, as for instance 7'@nia echinococeus, the worms
are embedded in the mueosa, and have for the most part to
be dissected out. This should he done under a binocular
microscope by mesns of two fine trinngular needles mounted
in holders. In the case of large worms, such as species of
Teenia, it is advisable to lay them out straight between two
panes of glass and run the preserving fluid on to them whilst
in this position. This has the effect of preserving them in &
straight condition, but great care should be taken that they
are not squeezed, but merely held in position, otherwise the
genital organs, museular system, ete., will become displaced,
and sections and whole mounts will convey & wrong rmipression
as to the disposition of these organs.  After remaining between
two panes of glass for a few hours the worms can then be
transferred to a bottle and preserved in the usual way in 3 per
cent. formalin. With Pania and Moniezia, it is necessary to
change the formalin after a few days. Inall cases a fow drops

of glycerine should be added to the formalin so that should

the liquid evaporate sufficient glycerine will be left behind
to keep the worms moist. If the perasite becomes dry it
18 uspless to attempt an identification. "

It should be noted that the preservation of cestode worms in
aleohol is not advised, as the writer’s experience has shown
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that in this fluid they become brittle and brown, whilst in
formalin they remain soft and supple.

Each bottle should contain a label giving the

PrAce.

Darg.

Hosr.

WHERE FOUND IN HOST (liver, intestine, skin, ete.).
COLLECTOR'S NAME.

Labels should be written on thick paper in Indian ink,
allowing the ink to dry before placing them inside the bottles.

Cestode larve should also be preserved in 3 per cent.
formalin.

Other fluids than formalin can be used for fixing cestode
worms, but in the writer’s experience they do not give better
results. Amongst them may be mentioned the following i—

(1) Bouin’s Fluid. .
Saturated aqueous solution of picric acid, 75 parts.
Formalin (3. e., 40 per cent. formaldehyde solution),
25 parts.
Glacial acetic acid, 5 parts.
(2) Zenker's Fluid.
Corrosive sublimate, 5 grm.
Glacial acetic acid, 5 c.c.
Potassium bichromate, 2 grm.
Distilled water, 100 c.c.

If either of the above fluids is employed, the worms should .
be allowed to remain in the solution for at least 24 hours.
Baylis (1922) suggests the following procedure :—Each worm
is picked up *“by the end remote from the scolex, and, allowing
it to hang down, when its own weight will usually cause it to
stretch sufficiently, it may then be dipped quickly several
times in a jar of the fixing fluid.”

In dealing with minute forms such as those detailed above,
it is desirable that the worms should be pipetted in and out of
the fixative.

After fixing in either of the above fluids, it is necessary to
wash the parasites in running water for a protracted period,
otherwise they cannot satisfactorily be stained. After washing,
they can be preserved in 3 per cent. formalin to which has
been added a few drops of glycerine.

Staining.

The choice of a stain is a matter of individual taste. The
writer has found the following two to be most suitable, and of
these the first has yielded the better r(_&sulte':—.

(1) Acetic Acid Alum-carmine.—This stain is prepared as
VOI. T. D
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follows :—An excess of carmine is boiled for about 15 minutes
in a saturated watery solution of potash alum ; 10 per cent.
of glacial acetic acid is added ; allow to stand for about a week
and filter. Before staining, the worms should be placed in
running water for several hours in order to dissolve out any
trace of the preserving fluid. Good results cannot be obtained
unless this washing process is carried out properly. After
washing they are placed in the stain. which is used diluted in
the proportion of one part to from 8 to 10 parts of water, In
the case of small worms staining is complete in less than an
hour, but with large worms it is desirable to leave them in the
stain over night. They should then be removed and placed
for a few minutes in running water : they are then transferred
to 50 per cent, aleohol for about 30 minntes and then to 70 per
cent. acid alcohol * for a similar length of time. This medium
dissolves out the stain from the cortex but leaves it in the
genital organs, unless it is allowed to act for too long
a period.

As large worms have a tendency to twist when placed in
aleohol, the writer, when differentiating with acid alcohol,
places them between two pieces of glass, taking care that the
pressure is just sufficient to keep the worms straight, but not
to squeeze them. The acid aleohol is pipetted between the
two pieces of glass, The worms are allowed to remain in this
position for about two hours, and are then transferred to a
vessel also containing 70 per cent. acid alcohol until differ-
entiation is complete. They are then placed in absolute
aleohol until dehydrated, and finally in clove oil until
transparent. They are then ready for mounting in Canada
balsam.

(2) Delafield’s Haematoxylin is prepared as follows :—To
400 e¢.c. of saturated solution of ammonia-alum (ammonia-
alum dissolves in about 11 parts of water) add 4 grm. hwma-
toxylin crystals dissolved in 25 e.c. of 90 per cent. alcohol.
Leave exposed to the light and air in an unstoppered bottle

for three to fourdays. Filter and add 100 ¢.c. of glycerine and .

100 e.c. of methyl alcohol.,  Allow the solution to stand until
the colour is dark, then filter and keep in a tightly stoppered
bottle.

It is well to allow it to ripen for at least two months before
using. The stain is used very dilute, a few drops being added
to distilled water until a somewhat faint purple colour is
obtained.

The procedure is the same as with acetic acid alum-
carmine.

* 100 e.c, of 70 per cent, alcohol to which has Leen added 5 drops of
ic acid.
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Use of Carbolic Acid.

Worms placed in pure carbolic acid become transparent,
and thizs medium is therefore useful when a hurried examina-
tion is desirable or when a permanent mount is not necessary.
It is a particularly useful medium in which to examine scoleces,
egas, or gravid segments. The procedure is as follows :—

Whether the parasite is fresh or preserved, it may be dropped
directly into pure carbolic acid. Small worms like Davainea
proglottina will become clear in about 5 minutes; larger ones,
such as Dipylidium caninum, take about 20 minutes. The
time occupied in making any of the larger worms transparent
18 greatly reduced if they are first placed for a few minutes in
70 per cent. alcohol. In the case of minute parasites this is
not necessary. After examination, the worms can be trans-
ferred to the fluid from which they were removed, and this
process can be repeated often without any ill effects, except
that such a specimen cannot subzequently be stained.

At low temperatures carbolic acid crystallizes with great
rapidity., This can be obviated by using a mixture con-
sisting of 95 parts of carbolic acid and 5 parts of absolute
aleohol.

Occasionally, in pure earbolie acid, objects become so trans-
parent on the slide that they are almost invisible, The
degree of opacity required can be obtained by running a small
quantity of absolute alcohol along the margin of the cover-
slip. ‘

If a permanent preparation of the object is desired, the cover-
slip should be ringed with a mixture containing equal parts of
hard wax and Canada balsam which has been melted : it
should be applied with a small glass rod.  If too much carbolic
aecid has been used in mounting, and some of it adheres to the
margin of the cover-slip, either at the time of mounting or
subsequently, the ringing will not be permanent, and con-
sequently the specimen will dry up.

Preservation of Feeces.

Execpt in the case of the common parasites found in man and
domestic animals, the gravid segments and mature eggs of
most species of cestodes are not well known. The reason is
that helminthologists, up to the present, have contented them-
selves with collecting and preserving adult forms, and no
attention has been paid to the mature eggs and gravid segments
which are frequently contained in the feces of the host. It
is therefore very desirable that in all animals (birds, fishes,
ete.) found to be infested with tapeworms the whole or a
portion of the faces from the rectum should be greserved,
1 D2

L}
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because such fical matter will probably contain gravid seg-

ments and mature eggs from the worm or worms found parasitic ,

in the intestine.

In the case of small animals like birds, lizards, elasmobranch
fishes, ete., the whole of the rectal contents should be preserved,
but in the larger ones such as crocodiles, cattle, etc., the
rectal contents are so voluminous that only a portion can be
kept. The procedure is as follows :—

1. A suitable quantity of faecal matter is placed in a con-
tainer; if hard and formed, it should be made of the consistency
of porridge by the addition of water.

2. Formalin, 5 per cent., equal to 10 times the volume of
faecal matter taken, is brought to the boiling-point and poured
slowly over the fecal matter, stirring the while.

3. The mixture is allowed to stand until sedimentation is
complete : the supernatant fluid is then poured off carefully
and a fresh quantity of cold 5 per cent. formalin is added.

Examination of Feces.
(1) Small Animals.

(@) Fresh Feeces.—A small drop of water is placed in the
centre of a slide ; by means of a platinum loop fixed into a
glass holder 6 or 7 inches in length, a small quantity of f@ces
is picked up and emulsified in the drop of water on the
slide; after covering, the preparation is ready for microscopic
examination.

(b) Preserved Faces.—After shaking up the preserved
freces, a small drop is removed by means of a pipette, and
transferred to a glass slide under a cover-slip.

Tn both the above cases a low-power objective should be
employed, and it is always necessary that the light should
be cut off by means of the iris diaphtagm until the best
definition is obtained. 8

(2) Large Animals.

In cases where the quantity of faecal matter in the rectum is
considerable, gravid segments, when present, can be found
much more easily if a small portion of the faces is diluted with
water and examined, either on a slate table or in a large black
photographic developing dish. This procedure can be followed
until the whole of the frecal matter has been examined. Under
these conditions cestode segments show up white against the
black background, and are thus easily seen. It is advisable,
however, when using a black developing dish, that the water




INTRODUCTION. 37

should not be more than a quarter of an inch deep, otherwise
the segments cannot be seen through the turbid water.

When the fwces are to be examined for eggs, it is desirable
to make the whole or part of the stool liquid by the addition
of water. The mixture should then be passed through a fine
sieve, some of the filtrate centrifuged, and a portion of the
deposit examined microscopically under a cover-slip. In light
infections it may be necessary to concentrate the eggs in the
filtrate.
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CESTOD A.

A class of the phylum Platyhelminthes, characterized as
follows :— > ;
. The body (strobila) is flat, tape-like, does not bear cilia, and.
18 unsegmented or consists of a number of segments ; in a few
Species external segmentation is indistinct. At the anterior
extremity the head (scolex) is usually armed with either suckers
or hooks or both. An alimentary canal is entirely absent.
The parenchyma usually contains scattered calcareous cor-
puscles, Except in the new family Dioicocestid male and
female genital organs are developed in each segment. The
egg contains a morula with six (sometimes more) hooklets.
With very few exceptions all adult species are parasitic in the
intestine. So far as is known at least two hosts are required
to complete the life-history, except in very few species, The
larval form, which consists essentially of the head of the future
worm, occurs in both vertebrates and invertebrates.

After dividing the class into the two orders Cestodaria and
Eucestoda (= Cestoda, s. str.), six superfamilies of Eucestoda
are recognized ; three of these, viz. Twenioidea, Tetrarhyn-
choidea, and Dibothriocephaloidea are identical with the
Cyelophyllidea, Trypanorhyncha, and Preudophyllidea respec-
tively. The families Lecanicephalidee and Proteocephalide
have hitherto been included with the families Phyllobothriidae
and Onchobothriidee in the order Tetraphyllidea. As the
head in species of the former two families is very different
from that in those of the latter two, it has been found desirable
to include the Phyllobothriide and Onchobothriid® in one
superfamily and to create two new superfamilies for the

Lecanicephalide and Proteocephalide, which differ from each .

other in the form of the head and the appearance of the uterus,
The class is accordingly divided as follows :—

Order I. Cestodaria Monticelli, 1892 :

Monozootie Cestodes of authors.

Family 1. Amphilinide Claus, 1879.
. 2. Caryophyllmidae Miiller, 1787.
« ,, 3.Gyrocotylide Benham, 1901,

Order 11, Eucesteda, nov.
Polyzootic Cestedes of authors.
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Superfamily I. Dibothriocephaloidea Stiles, 1906.
Synonyms :(—Pseudophyllidea Carus, 1863.
Baothriocephaloidea Braun, 1903.

Family 1. Dibothriocephalida Liihe, 1902.
. Triznophorida Nybelin, 1920.

. Ptychobothriide Liihe, 1902.

. Amphicotylide Nybelin, 1920.

»”

+r

Tl W

Superfamily [I. Tetrarhynchoidea, nov.
Synonym :—Trypanorhyncha Diesing, 1863.
Family 1. Tetrarhynchida Cobbold, 1864.
2. Camomorphida Lithe, 1910.
3. Haplobothriide Meggitt, 1924,
Superfamily [11. Phyllobothrioidea, nov.
Synonym :—Tetraphyllidea Carus, 1863.
Family 1. Phyllobothriide Braun, 1900.
.. 2. Onchobothriide Braun, 1900.
Superfamily 1V. Lecanicephaloidea, nov.
Family Lecanicephalidae Braun, 1900,
Superfamily V. Proteocephaloidea, nov.
Family Proteocephalidie La Rue, 1911.
Superfamily VI. Tenioidea Zwicke, 1541.
Synonym :—Cyclophyllidea Braun, 1900.
Family 1. Teniide Ludwig, 1886,

. Davaineid= Fuhrmann, 1907.

el

1909,

Mesocestoidid® Fuhrmann, 1907.
Nematotaeniide Lithe, 1910,
Amabiliide Fuhrmann, 1908.

. Acoleid®e Ransom, 1909.

. Tetrabothriide Linton, 1891,
Dioicocestide, nov.

—cowaso,

-
Pk

Genera of uncertain Systematic Position.

Eehinobothrium van Beneden, 1890.

. Discocephalum Linton, 1890,

. Diagonobothrium Shipley & Hornell, 1906.
. Pillersia Southwell. 1927,

W S0 10—

. Echinophallidie Schumacher, 1914.

2. Anoplocephalide Cholodkowsky, 1902,
Hymenolepidide Railliet & Henry,
. Dilepididee Railliet & Henry, 1909.
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Key to Orders.

Monozootic cestodes, ¢, e., worms composed of a single

segment

...... I. Cestodaria,

Polyzootic cestodes, 1. ¢, worms cowposed of many

segments . .,

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

...... 1I. Eucestoda.

Key to Superfamilies.

L. Head bears two sucking grooves which
may be variously modified, or with a
terminal fixation organ. .............

Head does not bear two sucking grooves . .

2. Head bears four protrusile proboscides

Hend does not bear four protrusile pro-
oRcId eg i R T s R S e e

3. Head composed of four ear-like out-

growths or lappets, variously modified .
Hexd not composed of four ear-like out-
growths or lappets.......... Vo neaatile

4. Henad bears four suckers: acini of vitel-
line glands condensed into a single
L R AR o T A N D

Head bears four suckers; acini of vitel-
line glands scattered and not condensed
LEATACITAEN T 2108 T ¥ U SN O SO

5. Head composed of two parts except in
Cephalobothrium, where one part is
replaced by asucker........... .....

Head not compased of two parts, but
simple . ...

Dibothriocephaloidea.
%etrarhynchoidea.

3.

Phyllobothricidea.

4.

Tanioidea.

Lecanicephalcidea.

Proteocephaloidea,
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Order I. CESTODA RTIA Monticelli, 1892.

Pallas in 1781 described a worm from a bream (Abramis sp.)
under the name Tenia laticeps. Miller in 1787 erected the
genus Caryophylleeus, and described a worm belonging thereto
which appears to be the T'enia laticeps of Pallas. It is clear
that it belongs to that group of worms which are now called
monozootic cestodes. .

Diesing (1850) erected the genus Gyrocotyle for other mono-
zootic cestodes found in the intestine of certain fishes, par-
ticularly Chimera spp.

In 1858 Wagener discovered other worms in the ccelom and
intestine of marine fishes, and placed them in a new genus
which he named Amphilina.

Leuckart (1878) found monozootic cestodes in the body-
cavity of annelid worms. ;

Braun (1883) erected the family Amphilinide to contan
the genera Amphilina Wagener, 1858, and Amphiptyches
Grube & Wagener, 1852 (=Gyrocotyle Diesing, 1850). His
definition of the family was: * oval or leaf-shaped worms,
without a distinet head, but with a single small acetabulum at
one end.”

Monticelli in 1902 placed together in a class which he called
Costodaria all those cestodes which contain a single set of
genital organs, and in which, consequently, the body is not
segmented. ‘ 5

Plehn (1905) described two worms from the blood of eypri-
noid fishes for which she erccted the genus Sanguinicola, an
which she referred to a group which she named Rhyncho-
gtomida. Odhner (1911) rightly referred these worms to the
Trematoda. : :

Cooper (1918) in his monograph on the Pseudophyllidea did
not include the family Caryophylleide, being apparently of
the opinion that it did not belong to this order. :

Nybelin (1922) erected the family Cyathocephalide, wh.Jch-
he divided into two subfamilies, namely, Cyathoccphal{nm
Lithe, 1899, and Caryophylline Nybelin, 1922, ’In the first
subfamily he placed the genus Cyathocephalus Kessler, 1868,
and in the second he included the genera ( ‘aryophylleus Miiller,
1787, and Archigetes Leuckart, 1878.
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Woodland (1923) divided the monozootic cestodes as
follows :—

Order I. Amphilinidea.
Family Amphilinidz.

Order II. Paralinidea.
Family 1. Caryophylleidz (with three genera only, viz.,
Caryophyllaeus, Archigetes, and Wenyonia).
5 2. Gyrocotylide.

He pointed out that the latter family was closely related to
the Bothriocephalidze.

Fuhrmann and Baer (1925) do not, however, accept Wood-
land’s classification, which they regard as a regression, pointing
out that Lonnberg, in 1897, showed that the Caryophyllids
are secondarily monozootic, whereas the Gyrocotylide are
primarily monozootic.

There appears to be an element of doubt as to whether
Lonnberg’s contention is correct, and in any case the species
are monozootic.

Poche (1926) classified the group as follows :—

Subelass Amphilinoinei Poche, 1926.
Order (@) Amphilinidea Poche, 1922,
Family 1. Amphilinide Claus, 1879,
Subfamily 1. Amphilinin@ Poche, 1926
(containing the genus Schizocheerus Poche, 1922).

Type-species :—Schizocherus  liguloideus (Diesing, 1850)
Poche, 1922,

Synonym :—Amphilina liguloidea (Diesing, 1850)
Monticelli, 1892, '
Subfamily 2. Gephyrolinine Poche, 1926.
Genus Gephyrolina Poche, 1926.
Type-species :—Gephyrolina paragonopora (Woodland, 1923).

Subfamily 3. Gigantolinina Poche, 1922
Type-genus :—Gigantolina Poche, 1922,
Type-species :—Gigantolina magna (Southwell, 1915).

Order (b) Gyrocotylidea Poche, 1926.

Family Gyrocotylide Benham, 1901.
Type-genus :—Gyrocotyle Diesing, 1850,
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Hunter (1929) reinstated Leuckart’s family Caryophylleide
and placed it in the order Pseudophyllidea.

It is thus clear that opinions are divided regarding the
systematic position of those genera included in the family
Caryophyllzide Leuckart (quoted by Claus, 1885). In this
volume all the monozootic cestodes are referred to the order
Cestodaria. Monticelli, 1892, which is regarded as containing
three families only, viz., Caryophyllwide, Amphilinide, and
Gyrocotylidee.

Order Cestodaria Monticelli, 1892.

Worms varying in size up to 30 em. in length and 2 em. in
breadth. They are unsegmented, and contain a single set of
genital organs. Parasitic in the intestine or body-cavity of
fishes and annelid worms.

These forms are in some respects intermediate between tl}c
Trematoda and the Cestoda : they resemble the former in
appearance, but differ from them in the absence of an alimen-
tary canal. Morphologically they are like cestodes, but (.li(_lcr
from the majority of species in this class in never containing
more than a single set of genital organs.

Key to Lamilies.
Uterus not N-shaped, but consisting of a coiled p- A
miadianitube 2 S S e v I. Caryophyll=ida,

Uterus very long, with thres limbs like the s
LSV

letter N, two of which lie interally, one on +
U N AT ¢ SR8 s II. Amphilinidz,

No species of the family Gyrocotylide have been recorded
from India.

Family L. CARYOPHYLLALDA Leuckart
(quoted by Claus, 1885).

Body usually elongated, and ovalin cross-sect jon, occasionally
Jeaf-like ; calcareous corpuscles and cuticular spines or hooks
absent, Testes situated in & single field, always ant.erlorly
to the uterus. The uterine and vaginal apertures are situated
close together, ventrally, a little in front of the middle of the
worm. Uterus a coiled tube extending about half the length
of the worm in the median longitudinal axis. Parasitic in the
intestine of bony fishes.

Type-genus :—Caryophyllaus Miller, 1787.
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Genus I. CARYOPHYLLZEUS Miiller, 1757.

Anterior extremity of strobila without bothria, and func-
tioning as a fixation organ. Excretory system with a well-
developed terminal bladder. Longitudinal muscles in two
layers, one of which lies external to the nuclear layer of the
subcuticula, the other separating the medullary from the
cortical parenchyma. Cirrus sac and common vaginal and
uterine pore open close together in a shallow genital cloaca.
Vas deferens very coiled ; cirrus sac large ; receptaculum
seminis conspicuous, separated from the oviduct. Ovary
posterior and H-shaped, situated in the medullary parenchyma,
Vitellaria in the medullary parenchyma, sometimes placed
partly behind the ovary. Coils of the uterus posterior to cirrus
sac. Adults in bony fishes. Larval stages (procercoid) in
annelids.

Type-species :—Caryophylleus laticeps (Pallas, 1781).

Only one species of this family has been recorded from
India.

Caryophyll®us indicus Moghe, 1925, (Fig. 3.)

¥From Clarias batrachus *, Nagpur, C.P., India. Moghe.

The worm measures 2:5 em. in length and has a maximum
breadth of 44 mm. The scolex is short, bluntly rounded,
much narrower than the body, and measures 3 mm. in length
and 1:23 mm. in breadth. It is marked off from the rest of
the body by a small neck-like constriction. The body tapers
posteriorly, and shows no trace of internal or external segmen-
tation. The genital apertures are situated one-seventh the
length of the body from the posterior extremity ; the aperture
of the cirrus sac is separate ; the uterus and vagina open by a
common aperture.

The testes are scattered among the acini of the vitellaria :
they occupy nearly two-thirds the length of the body. The
vas deferens is a loosely convoluted tube running anteriorly
in the median axis of the body. The cirrus sac is large and
bell-shaped, its longitudinal axis lying paralle]l to the longi-
tudinal axis of the body.

The ovary is irregular in shape, and is situated posteriorly
between the genital openings and the posterior end of the body.
The vagina is a narrow tube running in the median longitudinal
axis ; anteriorly it dilates, and the uterus opens into the
dilatation. Posterior to the ovary the vagina receives the
small duct from the transverse vitelline sac. The vitellaria
oceupy the greater part of the body between the genital

* The names given to the elasmobranch fish hosts in the succeeding parts
of thie work have kindly been determined by Mr. Norman of the British
Museum, and are in accordance with the International Hules of Nomen-
clature,
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openings and the head ; they are most abundant laterally.
The uterns arises as a thin-walled duct, situated posteriorly
to the transverse vitelline sae. It runs to the posterior end of
the body, then turns and, running anteriorly, forms several
conspicuous thick-walled loops on each side of the body
posterior to the genital apertures, one loop on each side being
at the level of the genital apertures. Near its junction with
the vagina it is distinctly narrow and ciliated. The uterine
eggs measure 80 by 40 p.

“Woodland (1926) points out that this is the first species of
the genus to be recorded from a siluroid fish. He suspects

Fig. 3.—Caryoplylleus indicus. A, entire worm, X 17 ; B, posterior
extromity, magnification unknown, (After Moghe, in * Parasitology.’)

that the bodies figured as post-ovarian vitellaria are really
ovarian follicles, and that the species belongs to the genus
Lytocestus (found in silurids), the characters of which are as
follows :—

Genus IT. LYTOCESTUS Cohn, 1908.

Scolex insufficiently known. Musculature consists of two
longitudinal layers (and one transverse layer), the outer layer
being situated internal to the nuclear layer of the subcuticula,
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and not external to it as in the genus Caryophylleus.  Genital
pores surficial, posterior ; uterine pore absent. Genitalia in
the posterior half of the segment. Testes numerons, filling
the entire medullary parenchyma anterior to the cirrus sac.
Ovary posterior to genital pore, its follicles extending inio the
cortex. Vitellaria encircling the worm and situated in the
cortical parenchyma, not extending behind the ovary. Wall
of the uterus glandular ;: the uterus coils between the wings
of the ovary, the receptaculum seminis, and the genital pore.
Parasitic in the intestine of Siluridz and Mormyrid:e.

Family TT. AMPHILINID.E Claus, 1879.

Body flattened, usually elongated and tape-like ; calcareons
corpuscles present, but cuticular spines and hooks absent.
Testes in two strips, one along each lateral margin, parallel
to the limbs of the uterus. The uterine and vaginal pores are
situated at opposite ends of the body, the former being anterior
and the latter posterior. Uterus very long with three limbs,
like the letter N, two of which lie laterally, one on each side of
the worm, Parasitic in the body-cavity of fishes.

Type-genus :—Amphiline Wagener, 1858,

Genus AMPHILINA Wagener, 1858,

Body flat, unsegmented, and usually very elongated ;
suckers absent. Anteriorly a number of very large unicellular
glands open, sometimes on a small papilla. Skin unarmed :
female genital pore posterior, a little in front of the male pore.
Uterine pore at the anterior extremity of the body. The
excretory system consists of anastomosing vessels with pore
posterior. Testes very numerous, in two narrow lateral bands
extending almost the length of the worm ; vitelline glands
also in two lateral bands external to the testes. Cirrus sae
absent. Ovary posterior ; uterus very long, N-shaped. Eggs
containing an embryo which bears ten hooklets. :

Type-species:—Amphilina foliacea (Rudolphi, 1819) Wagener,
1858,

(1) Amphilina magna Southwell, 1915. (Figs. 4 & 5.)
Synonym :—Gigantoling magna (Southwell, 1915) Poche, 1921,

Iﬂl}rom Diagramma crassispinum, Pearl Banks, Ceylon. South-
well.
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When alive, the worm attains a maximum length of 38 cm.

and a breadth of nearly 1 em., with a thickness of about 1°5 mm.

® When preserved they shrink very considerably. They are
flat with parallel margins, milky white in colour, broadly
rounded at one extremity, and terminating at the other

Fig, 4.
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Fig. 4.— Entire worm, < about {. (After Southwell.)
Fig. 5.—Posterior extromity, X about 4. (Modified, after Southwell,)

extremity in an acute point. The uterine pore is situated
ventrally near the anterior extremity ; the vagina also opens
ventrally near the posterior extremity, a little in front of the
vas deferens. The skin does not bear spines, but is marked
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by a fine honeycomb-like sculpture. A number of large
unicellular glands (frontal glands) open at the anterior ex-
tremity.

Male Genitalia.—The testes number over 2000. They are
arranged in two narrow, symmetrical, lateral, longitudinal
bands situated just median to the vitellaria and extending from
the anterior to the posterior extremity. Here and there these
bands are overlapped dorsally and ventrally by a coil of the
uterus. The breadth of each testicular band is about 600 u;
vasa efferentia traverse each testicular band antero-posteriorly ;
the posterior extremity of each band is continuous with a
collecting duct, the two uniting together on the left side into a
vas deferens which runs posteriorly and opens at the posterior
extremity of the worm, dilating a little in its course into a
seminal vesicle. Just to the right of the male genital pore
traces of the persisting embryonic hooks may be found.

Female Genitalia.—The ovary has a breadth of about 3:5
to 5 mm., and is situated posteriorly ; it is bilobed, butterfly-
shaped, and consists of two wings, each wing being composed
of a collection of tubules arranged transversely. From the
posterior extremity of the ovary the uterus arises and also
& small duct which receives the secretions from the shell and
vitelline glands. It discharges into a vagina which pursues a
direct posterior course, opening behind a little in front of
the male genital pore, and close to a rather prominent
muscular ring. The vagina continues in front of the ovary
as a receptaculum seminis ; this is a comparatively large
structure measuring 7 mm. in length and 35 mm. in breadth.
The shell gland is a somewhat globular organ situated between
the two wings of the ovary.

The vitelline glands consist of two narrow bands situated
laterally, externally to the uterus and testes, and extending
almost the whole length of the body. From the posterior
extremity of each lateral band a duct arises ; the two ducts
turn anteriorly and unite near the muscular ring ; the common
duct runs forward to open with the shell gland into the
oviduet,

The uterus arises close to the shell gland and runs in close
coils along one margin of the worm almost to the anterior
extremity (first ascending branch), and turns backwards and
runs posteriorly to a point a little in front of the ovary (des-
cending branch) : it then turns again (second ascending branch)
and, running anteriorly, opens by a small ventral pore close
to the anterior extremity of the worm.

The egg measures from 100 to about 150 p in diameter : no
filaments have hitherto been observed.
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(2) Amphilina paragonopora Woodland, 1923. (Fig. 6.)

Syuouylu:—Ge,]pggguliuu paragonopora ( Woodland, 1925) Poche,

From (1) Macrones aor and M. seenghala, Rivers Ganges
and Jumna, United Provinces, and the Punjab, India.
Woodland. (2) Bagarius yarrelli (Pimelodes bagarius), Allaha-
bad, India. Verma.

The largest specimens, when alive, measured 25 cm. in
length, 5 mm. in maximum breadth, and had a thickness of

Fig. 6.—Amphiting parvagonopora. A, anterior oxtromity; B, posterior
extromity, showing openings of the vaging and duetus ejacula-
torius; C, entire worm, X about 41, (After ' Woodland, in the
Q..M. 8S.)

about 1 mm. When preserved they contracted to 17 em. in
Jength.  Small specimens measuring 10 mm. in length and
1 mm, in breadth are common. The parasites are ribbon-like,
and vary in colour from creamy-white to orange-yellow,
usually being distinetly yellowish. A scolex is absent. The
anterior extremity. which is either rounded or pointed, bears
a papilla, on which numerous large unicellular glands open.

* The posterior extremity of the worm terminates in a well.

VoL, I, B
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marked semicireular depression, in the centre of which there
is a contractile papilla on which are situated the excretory and
vaginal pores and the opening of the ductus ejaculatorius.

The general internal anatomy of the species resembles that
of Amphilina magna Southwell, 1915.

(4]

Oxder II. EUCLESTOD A, nov.

Poryzooric CESTODES.

Superfamily 1. DIBOTHRIOCEPHALOIDEA Stiles,
1906.

Synonyms :—Psendophyllides Carus, 1363,
Bothriocephaloidea Braun, 1903,

Rudolphi (1809) divided the cestodes into two orders. The
first order, Cystica, contained the three genera Cysticercus,
Cenurus, and Echinococcus. The other order, Cestoidea,
included six genera only, namely, Seolex, Caryophylleus,
Ligula, Tricuspidaria, Bothriocephalus, and Tenia.

In 1819 he defined these genera; his description of the genus
Bothriocephalus was as follows : ** Corpus elongatum depressum
articulatum, caput subletragonum bothriis duobus vel quatuor
oppositis.”

He divided the genus into two main groups, namely, (1)
those in which the head was unarmed (inermes), and (2) those
in which it was armed (armati). The first group he sub.
divided again into two, viz., those with two bothria and
those with four bothria, All the species in his group armati
had four bothria, and were subdivided again into two sections ;
the first section contained the species B. coronatus, B. uncinatus,
B. verticillatus (later included in the order Tetraphyllidea) ;
the second section contained those worms armed with pro-
boscides, namely, B. corollatus and B. paleaceus (later included
in the order Trypanorhyncha),

Dujardin (1845) recognized four orders of cestodes, viz, :—

(1) Rh_vnohobéthriens (Tetrarhynchids).

(2) Cestoides or Tanioides, including the genera Z'ania,
Bothriocephalus, Schistocephalus, Tricnophorus, Both-
ridiwm, Bothrimonus, and Ligula.

(8) Scolecines, including Caryophylleus and some larval
forms, and

(4) Cystiques—all bladder worms.
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Van Beneden (1850) only mentioned two genera of bothrio-
cephalids, viz., Bothriocephalus and Tricuspidaria, and these he
included in his division Pseudophylles.

Diesing’s classification (1850 and 1864) was extremely com-
plicated, introducing as it did a large number of mere names
which have since fallen into synonymy.

Carus (1863) divided the cestodes into five families, namely,
Caryophyllidea, Tetraphyllidea, Diphyllidea, Pseudophyllidea,
and Tieniadea. In the family Pseudophyllidea he included
four genera, namely, Ligula Bloch, Trienophorus Rudolphi,
Sehistocephalus Creplin, and Bothriocephalus Bremser (sie).

Liihe in 1899 published an admirable classification of the
order : this was adopted by Braun in 1900, and it has only
been slightly modified during recent years.

Cooper in 1918 issued an excellent account of the Pseudo-
phyllidea of the North American fishes,

Nybelin in 1922 published his classic work on this order,
His classification differs from that proposed by Lithe (1902)
only in the following point. Nybelin retains the family name
Dibothriocephalidee Lithe, 1902, instead of the later name,
Diphyllobothriidae, used by Liithe in 1910 for the same family.

There appears to be some doubt a$ to which name has priority,
because Lithe, who established the genus Dibothriocephalus
in 1899, citing latus as the type-species, afterwards made this
genus a synonvin of Diphyllobothrium Cobhold, 1858, The
anatomy, however, of the type-species of the latter genus
ig not known, and, until the position of the pores in this
species has been determined, it 1s doubtful whether the genera
Dibothriocephalus Liihe, 1899, and Diphyllobothrium Cobbold,
1858, are synonymous. :

Poche (1926) divided the class Cestoidea into two sub-
classes, one of which included the order Bothriocephalidea
Diesing, 1850 (:_—Pseud(_;phyllidea Carus, 1863), and contained

the following :—
Subelass Twnioinei Poche, 1926.
Order 1. Bothriocephalidea Diesing, 1850.

. Tribe 1. Caryophylleoide Poche, 1926,

Family 1. Cyathocephalidie Nybelin, 1920 (with five
genera).
Family 2. Caryophylleide Claus, 1879 (with nine
genera).
Tribe 2. Diphyllobothrioide Poche, 1926,
Family 1. Diphyllobothriida Lihe, 1910. Including
the genus Diphyllobothrium Cobbold, 1858,
2 — Dibothriocephalus Lithe, 1899,
E2
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Family 2. Luheellide Baer, 1924.
Genus Luheella Baer, 1924.

Tribe 3. Bothriocephaloide Poche, 1926.

Family 1. Bothriocephalida Blanchard, 1849 (with five
genera).

Tribe 4. Triznophoroide Poche, 1926.

Family 1. Trisnophoride Blanchard, 1849,
. 2. Amphicotylide Ariola, 1899.
,» 3. Echinophallidz Schumacher, 1914,

Tribe 5. Tetrabothrioide Poche, 1926 = Tetrabothria
Diesing, 1850,
Family 4. Tetrabothride Fuhrmann, 1908,

Pintner (1928) divided the class Cestoidea into two orders :
(1) Monozootic and (2) Polyzootic forms. All pseudophyllidean
cestodes are placed by him in a single family, namely, Bothrio-
cephalidee, all species of which are polyzootic.

Superfamily Dibothriocephaloidea Stiles, 1906.

Synonyms :—Pseudaphyllidea Carus, 1865
Bothriocephaloidea Braun, 1903,

Strobila segmented. Scolex with two shallow grooves
(bothria), which by fusion of their margins may assume various
forms, or they may be replaced by a pseudoseolex or by a
terminal sucker. Accessory suckers may be present. The
head may be either armed or unarmed. External segmenta-
tion often incomplote or absent. Segments in the same stage
of development. Genital pores marginal or surficial (i. e, on
the flat side). A single or double set of genitalia in each
segment. Vitelline follicles usually in the cortex, scattered,
not condensed into @ single gland. Testes situated either in
the cortex or medulla. Uterus persistent, often in the form of *
a rosette, sometimes a large sac distinet from the uterine duet.
Three genital pores present ; uterine pore almost alway
surficial.  Openings of vagina and vas deferens may be close
to that of the uterus, 6r on the opposite Hat side, or along the
lateral margin. Bggs, which may be operculated or nof, are
passed whilst the segments are still attached to the strobila.
Oncosphere frequently with a cilinted covering (coracidium).
Development, where kmown, into a proeercoid in the body-
cavity of Entomostraca succeeded by a plerocercoid in teleosts.
Adults in mammals, birds, reptiles, and fishes,

Considerable difficulty has heen experienced with reference
to this superfamily. Cobbold in 1858 erected the ﬁnus
Diphyliobothrium, the type-species being Diphyllobothrium

.
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stemmacephalum Cobbold, 1858, a worm obtained from a

. dolphin. In 1879 he created the family Diphyllobothrids,
which Liihe emended in 1910 to Diphvilobothriide. The
latter author had in 1899 erected the genus Dibothrio-
cephalus  (type-species :  Dibothriocephalus  latus Linnzus,
1758), which in 1902 he placed in his family Dibothrio-
cephalida. .

Later on Lithe made his genus Dibothriocephalus a synonym
of Diphyllobothrium Cobbold. 1858, It is not known whether
the three genital pores in the type-species of the latter genus
are all on one surface or not. If they are, then Lithe was
correct, but if not, then the two genera are not synonymous.
Unfortunately, the point cannot be settled until the parasite
from the dolphin has been re-studied. As the type-species
of Lithe's genus, viz., Dibothriocephalus latus (Linngeus, 1758),
is 80 well known., it appeared desirable to aceept his genus, and
the superfamily is named accordingly.

The superfamily is divided into five families, viz., Dibothrio-
cephalidie, Trienophoride, Ptychobothriide, Amphicotylide,
and Echinophallide, only three of which are represented in
India.

Key to Families,
1. Genital pores marginal ... oveeversiesat ':,!‘rianophoridm, p. 64,

Genital pores surfieinl .. ... AR Sk ) .
2, (ienital pores sud uteérine pore ou the [p. 63,
stme sarface ., .o, e R ST R R Dibothriocephalida,
(Genital pores and uterine pare on oppusite -
BOTIOEE 00 o o e ras S RS Ptychobothriida, p. U6.

L Family L. DIBOTHRIOCEPHALIDAE Liihe,
1 1902,

Sytionyma: Diphyllobothride Cobbold, 1879,
Diphylobothsiida Liihe, 1910.

Head armed or unarmed, bothria zhallow, one dorsal, one
* ventral, or their free marging may fuse to form a tube open at
both ends, or there may be a terminal unpaired sucker. A
single set, rarcly a double set, of genitglia in each segment.
Genital pores surficial, Male and female pores open close to,
and @ little in front of, the uterine pore. Vas deferens with
an external seminal vesicle.  Cirrns unarmed. Receptaculum
seminis sharply separated from the oviduct. Uterus a long
coiled tnbe, often in the form of a rosette. Egus operculated.
 Aduits in mammals, birds, and reptiles. First larval stage
(procercoid) in Entomostraca. Second larval stage (plerocer-
coid) in teleosts. vi
Type-genus :—Dibothriocephalus Lithe, 1899.

»
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Subfamily 1. DIBOTHRIOCEPHALINA Liihe, 1899,

Scolex elongated, clearly separated from the strobila.
Bothria variable in form. External segmentation distinct.
A single or double set of genitalia in each segment. Fggs
operculated. Adults in mammals, birds, and reptiles, Larval
stages in Crustacea and fishes.

Type-genus —Dibothriocephalus Lithe, 1899.

Genus I. DIBOTHRIOCEPHALUS Liilie, 1899,

Synonym i— Diphyllohothrinm Cobbold, 1858,

Bothridia elongated and well developed. A single or double
get of genitalia in each segment. Testes and vitellaria lateral,
in some cases almost reaching the median line, but they may
fuse anteriorly or posteriorly. Uterus a coiled tube situated
anteriorly, often in the form of a rosette. Adults in mammals
and birds. First larval stage (procercoid) in copepods ; second
larval stage (plerocercoid) in teleosts ; or larval stage a solid
proliferating unsegmented form, without bothria, in muscu-
lature of mammals.

Type-species :—Dibothriocephalus  latus  (Linneus, 1758)
Liihe, 1899.

(1) Dibothriocephalus felis (Creplin, 1825). (Fig. 7.)

Synonyms : Bothriocephalus maculatus Leuckart, 1848,
Dibothrium decipiens Dicsing, 1850,

From (1) Felis tigris and F. pardus, Zoological Gardens,
Caleutta. Southwell. (2) F. nebulosa and the domestic cat,
Calcutta. Chandler.

The worm was first described by Creplin in 1825 from two
small specimens measuring 4°5 mm. and 6'6 mm. respectively,
obtained from the cat. Leuckart’s species Bothriocephalus
maculatus was obtained from F. pardus and measured 16 cm.
in length.

Bohm (1921) considers that Molin’s species Dibothrivm
suleatum is identical with Bothriocephalus felis Leuckart, 1848,
According to Ariola (1900) D. sulcatum differs from all other
related species in having the bothria lateral instead of dorsal
and ventral.

The worms measure up to 25 cm. in length, and have a
maximum breadth of 88 mm. The proglottides are all broader
than long, the genital pores are situated on the flat ventral
surface (surficial), the opening of the vas deferens is close to
the anterior border of the proglottis, and the vaginal pore is
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immediately posterior to it. The uterine pore is posterior
and somewhat lateral to the vaginal pore. The latero-posterior
margin of each proglottis overlaps the anterior lateral margin
of the succeeding one.
¥ Mhe scolex is unarmed, and bears two shallow bothridia, one
situated dorsally and one ventrally. %
The testes are numerous, situated in the medulla. and
extend over the dorsal surface, except in the median line. In
ordinary stained specimens they are indistinguishable fI‘Ol;l the

Fig. 7.— Dibothiiocepholus felis. Mature segment, X a0
(After Sonthwell.)

acini of the vitelline glands, which have a similar distribution,
except that they are situated in the cortex.

The vas deferens arises posteriorly and runs almost in the
median line to the pore. The ovary is bilobed and situated
posteriorly. ,

The vagina is a straight tube running directly in the median
line from the ovary to the pore. The two transverse vitelline
ducts, one from each side and situated posteriorly, unite to-
gether in the middle line and open into the odtype.
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The uterus assumes the form of a rosette, and in fresh
specimens appears as a brown patch in the middle of the
proglottis.

The eggs are operculated and measure about 60 by 30 ;.

(2) Dibothriocephalus reptans (Diesing, 1850),
Svnonym :i—Sparganum reptans Diesing, 1850.
From Tropidonotus sp., Burma. Meggitt.

The larval form is parasitie in reptiles and occurs usually in
the connective tissue between the dorsal muscles, especially

along the vertebral column and between the skin and dorsal

musenlature. It has been recorded from various species of
amphibia, birds, and mammals. Meggitt states that all
records of this parasite other than those from reptiles should
be regarded with suspicion, as it is probable that several have
been confused under one name.

The plerocercoid is a slender ribbon-like form with an
anterior globular swelling ; it varies in length from 2 mm. to
10 em., and is capable of asexual reproduction by fragmenta-
tion, but not by proliferation. It has no definite scolex or
bothria. The terminal invagination referred to by various
writers bears no trace of the structure of a sucker, and is the
result of contraction due to fixation : it is, however, probable
that the amterior extremity functions as a sucker. External
and internal segmentation is usually absent, but oceasionally
in yery long forms it may be represented by a few posterior
transverse striations. The internal anatomy shows nothing
of note except the absence of © nutritive bodies ™ described b
Tjima (1905) for 8. proliferun and Meggitt (1924) for Spar-
ganum sp. It is not known whether procercoids occur in
Entomostraca or not, 4

The adult form has been obtained experimentally in the dog.
The true host is probably a carnivore or avian scavenger. It
measures 1 metie in length, and has a breadth of 9 mm.  Seg.
mentation is complete, The scolex is elongated, and measures
800 by 40 5 it bears two long shallow bothria. The neck is
long. All segments are broader than long. The musculature
is weak, consisting of a narrow and feeble layer of longitudinal
muscle. Transverse muscles are apparently absent.

The excrefory vessels are indistinet, consisting of from fo'qr
to eight longitudinal trunks on each side of the proglottis,
connected by an extensive and complicated capillary system.
The genital pores are surficial, and are all on the same surface
of the proglottis ; the male pore is central, in the anterior
sixth of the segment ; the vaginal pore lies posterior to it and
slightly lateral, and the uterine pore is more posterior and
central. The cirrus sac extends halfway to the opposite
surface, the external vesicula seminalis nearly reaching the
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aporal cortical parenchyma. The testes number from 144 to
220, and are situated in two separate lateral bands, slightly
converging anteriorly. The ovary is bilobed, reticulate, and
the shell gland is a large structure lyving at the posterior margin
of the proglottis. The vitelline glands are lateral, eonverging
and meecting anteriorly, leave a free central space one-twelith
to one-seventh the width of the segment.

The cgg measures from 53 to 59 p by 36 to 40 1« and 1= oper-
culated. Tt is immature when passed, but develops when it
rests in water.

(3) Dibothriocephalus ranarnm (Gastaldi. 1854).
Synonym :— Ligula vanarwn Gastaldi, 1854,

Larval forms from Rana tigrina, Burma. Bhalerao.

The larval form cecurs in the wall of the stomach of the frog
Rana tigring ; it measures 85 e¢m. in length and 1'1 mm. in
breadth. At the anterior extremity there is a small terminal
bothrium, like & sucker in appearance, but histologicelly not
differentiated from the surrounding parenchyma. The degree
of external segmentation varies; it is sometimes ill-defined
or limited, espeeially in young specimens, whilst in older
spocimpns it may be well defined and almost complete.  Trans-
verse fission (asexual reproduction) ocenrs.  The musculature is
weak, and varies in difierent parts of the body. 1In some parts
of the worm definite longitudinal muscle bundles and dorso-
ventral fibres occur. Transverse muscles are apparently absent.
In transvorse seetions four main longitudinal excretory vessels
can be scen in the same transverse straight line across the
proglottis, linked with cach other by a complex capillary
anastomosis. Only the rudiments of the genital organs are
present, and * nutritive bodies '’ are apparently absent.

The adult worm has been obtained experimentally in the dog.
It measures 113 em. in length and 5 mm, in breadth. The
seolex measures 144 to 1'7 mm. in length by 370 to 410 « in
breadth. All the proglottides are either broader than long
‘orsquare. The male genital pore is median, and lies almost at
the anterior margin of the proglottis. Slightly behind, and a
little lateral to it, is the vaginal pore. The testes are in two
lateral groups, 100 to 110 in each group, and not joined together
by an anterior band. The uterns has from three to five coils
on each side.  The eggs measure 58 to 67 ;- by 34 to 36 ¢

Joveux and Baer (1927) state that D. reptans and DX ranarum
‘are identical ; they call the worm * D, ranarum according to
the laws of nomenclature.” They found procercoids of this
“species in Cyclops fuscus Jurine, plerocercoids in Tropidonotus
natriz Linn., and adult worms in cats and dogs. 1 Joyeux
and Baer's contention is correct, it would eppear that the
‘§pecific name reptans has priority.



o8 DIBOTHRIOCEPHALIDE.

Faust, in an abstract of a paper contributed for the fourth
annual meeting of the American Society of Parasitologists .
held in December 1928 ( Journal of Parasitology.” vol. xv,
No. 2, December 1928). concluded that four well defined
species of Dibothriocephalus develop as adults in cats or dogs,
namely, D, mansoni, D. decipiens, D. ranarum, and D. erinacei ;
the larval forms of these species (Spargana) develop in a
variety of vertebrate hosts such as frogs, snakes, and mammals.
Faust thus agrees with Joyeux.

SPECIES INQUIREND.E.
Dibothriccephalus sp.

Moghe (1926) mentions the occurrence of an undetermined
species in the leopard cat (Felisbengalensis).

Diphyllobothrium =p).

Under the name Bothriocephalus sp., Southwell (1922)
recorded a species of the genus from a black leopard (Felis
melas). The worm measured 2 em. in length and had a maxi-
mum breadth of 1'2 mm. The specimen was quite immature.
He also recorded a single worm of this genus from the
Himalayan palm civet (Paradozurus grayi). The worm
measured 10 em, in length and had a maximum breadth of
6:7 mm. As the head was absent the species could not be
determined.

(Genus [1. BOTHRIDIUM Blainville, 1524,
Synonym i— Stlenaphoris Crepin, 1859,

Scolex with two tubular bothridia which open anteriorly
and posteriorly by pores provided with sphincter muscles.
Vitelline glands between inner and outer longitudinal muscles,
sometimes intermingling with the latter. Uterus consists of
a uterine duct and a uterine sac, which latter is composed
of two large cavities connected by a narrow duct.

Type-species :— Bothridium pithonis Blainville, 1824,

Bothridium pithonis Blainville, 1824. (lig. 8.)
Synonyms :—FProdicalia ditreme Lebl, 1836,

Bothyidium laticeps Duvern, 1833,

Solenophorus megalocephalus Crepling 1856
Solenophorus grandis Crepling 1539,

’From Python reticularis, Goalundo, Bengal; P. molurus,
Nepal Terai and Ceylon; and Felis tigris, Onchagaon, Naini
Tal, India. Southwell. (It appears probable that the tiger
had been feeding on a python.)
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The worm measures up to 50 em. in length and has a maxi-
mum breadth of 6 mm. It is composed of an immense number
of very shallow segments : the largest segment has a breadth
of 6 mm. and a length of 700 ;.. A few of the posterior segments
are narrower and longer, measuring 2°5 mm. in breadth and
1:5 mm. in length. The mid-dorsal and ventral surfaces of the
worm are marked by a longitudinal line which can be geen with
the naked eye. In the large specimens the head measures
6 mm. in length and 4 mm. in breadth., The bothria are tubular,
each with a small, slit-like aperture anteriorly and a smaller

Fig. 8, —Bothridium pithonis. Head, X 6.
(After Sonthwell)

one posteriorly. They are situated dorsally and ventrally,
i. €., at right angles to the flat side of the worm.,

The cuticle is very thick and the subcuticular cells are very
large. The longitudinal musculature consists of about twelve
fascie distributed round the proglottis. The transverse
muscles are delicate and send out fibres which ramify in the
longitudinal musecles, The dorso-ventral bundles are small,
There are four principal excretory vessels, two on each side of

" the segment ; the lateral nerves lie external to these vessels,

The testes number from 170 to 180, and ave situated in two
lateral fields, one on each side of the median ling posteriorly
to the cirrus sac. The latter organ varies in shape, measuring
250 1 in length by 175 to 345 in breadth. The genital pores are
surficial. The vagina opens immediately behind the cirrus
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pouch into a ecommon deep atrinm situated at the junction of
the first and sccond thirds of the proglottis. The uterine
pore is situated at the junction of the middle and posterior
thirds of the proglottis. The genital pores are irregularly
alternate. The vagina runs directly posterior to the cirrus sac.
The receptaculum seminis is large and thick-walled, The
ovary is V-shaped, the apex being directed dorsally; it is
surrounded by the testes. which approach the median line.
A shell gland is present. The uterus lies in two loops on each
side of the median line ; the last loop is dilated. The egg
measures 65 to 704 by 45 ¢ and is operculated.

SPECIES INQUIRENDA.
Bothridinm sp.
Moghe (1926) records Solenophorus sp. from the python
(rock snake) but he does not describe the worm.

Genus 1], DUTHIERSIA Perrvier, 1873,

Secolex triangular, the apex being directed posteriorly,
Bothridia funnel-shaped. Vitelline glands lateral and external
to the longitudinal muscles. Vaginal sphincter present,.
Uterns coiled, but not definitely in the form of a rosette.
Adults in Varanus. Y

Type-species :—Duthiersia fimbriata (Diesing, 1850).

Duthiersia fimbriata (Diwesing, 1550), Mont. & Crety, 1591, &'

(Figs. b & 10.)
Synonyms :— Dithicrsin expansa Pervier, 1873,
Dt hiersia olegans Pervier. 1578,

From Varanus bengalensis, V. cxacanthematicus, and Varanus
sp., Cevlon, Bengal, and Punjab. Southwell.

The worms usually measure about 7 em. in length and have
a maximum breadth of 2 mm. They attain, however, a much
greater size than this, and may measure 20 ¢m. or more in'.,
length by 3 mm. in breadth, with a thickness of 1'5 mm. The
broadest part of the worm is near the middle. The largest
proglottides have a breadth of about 2 mm. and a length of
about 300 p ; afew of the more posterior segments are longer
and narrower than the rest, having a length of 500 and &
breadth of 1 mm. The posterior extremity of the worm is
frequently very narrow. The scolex has a length of about
3 mm. and a breadth of 3 mm. It is roughly triangular in
shape, with the rounded apex pointing anteriorly, It is com-
posed of two bothria, one dorsal and one ventral, united in the
middle line, with their lateral margins scalloped and over-
haunging a rather shallow sucker.

'
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There is no neck. The excretory system consists of a large
ventral vessel and a small dorsal vessel on each side, sitnated
in the medulla, 2 considerable distance from the lateral margins,

Fig. 0.— Duthigveia fimbriofh, Head, x 20,
(After Sonthwell.)

anastomosing extensively, so that in transverse sections three

vessels, and sometimes more, are to be seen on each side ; the
third longitudinal vessel is often situated external to the

Fig: 10.—~ Duthiersio findriafa, - Segmonts, X 10,
(After Southwell.)

lateral nervous system. There is a single longitudinal nerve
running along each lateral margin of the worm close to the
ventral exeretory vessel, and situated in the medulla, The
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longitudinal muscles are not segregated into definite fasciwe,
but consist of a very large number of fibres situated close
together encircling the segment, and tfo all intents and
purposes dividing the parenchyma into cortex and medulla.
Circular and dorso-ventral fibres are very scanty. The
testes are small, not numerous, and are situated in the medul-
lary parenchyma, extending laterally to the excretory vessels.
The vas deferens opens ventrally near to the anterior margin
of the proglottis. The ovary is bilobed and situated posteriorly ;
it frequently presents a granular appearance. The vagina
runs forward almost in a straight line, opening just posterior
to the vas deferens. The vitelline glands are numerous,
strongly developed, and situated in the cortex, practically
enveloping the proglottis. The uterus assumes the form of a
rosette, frequently showing ahout five loops, but these loops
are often ill-defined. The uterine egg measures about 60 by
40 . and is operculated.

Group SPARGANUM Diesing, 1855,

This name is applied to larval forms (plerocercoids) of the
family Dibothriocey halide, the adults of which are not known.
Segmentation absent or indistinet. Bothria sometimes in-

distinet.

SPARGANTM sp. I.

Meggitt (1924) records a Sparganum from the mesentery
and body-cavity of the® mongoose (Herpestes albopunctatus
[? auropunctatus]). The carliest stages consist of a spherical
solid larva containing numerous calcareous corpuscles sur-
rounded by a cyst-wall consisting of several concentrie, trans-
parent, and apparently gelatinous layers, sometimes tinged
with red. The large forms are elongated, broad, flattened, with
a slight invagination at one end but no trace of suckers or
segmentation. The larva proliferates like Spﬂ.rgunum proli-
ferum Ijima, 1905. No definite organs (.;f any kind are to be
seen even in section, but ““ nutritive bodies ' are numerons,

Sparcaxuvm sp. 11,
Meggitt (1926) reports the presence (_)f a Sparganum in
Dichoceros bicornis, but he does not describe it. A

Subfamily TT. LIGULIN A Monticelli & Crety, 1891.

Scolex small, triangular, unarmed, and not clearly separated
from the strobila. Bothria small and rudimentary. Ex-
ternal segmentation often indistinct. Genital pores ventral.
Adults in mammals and birds. Larv in fishes.

Type-genus :—Ligula Bloch, 1782.
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(Genus LIGULA Bloch, 1732,

Bothria and external segmentation absent in larva, but both
develop simultaneously with the genitalia in the final host.
Segmentation in adult limited to anterior portion of strobxlu,

and does not correspond with the genital organs. Adults in
hirds.

Type-species :—Ligula intestinalis (Linnweus, 1758).

Ligula intestinalis (Linneus, 1758). (Fig. 11.)
q‘,,m“ my extensive,

From Labeo calbasu, Labeo vohita, and Nemachilus rupicola,
India. Southwell.

Both the lapya and adult worms vary in length from 10
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Fig. 11, —qun!n intestinalis. A, entire worm, X 2; B, horizontal
section, % 7. (), transverse section, x 18, (After Southwell.)

to 40 cm., sometimes attaining 1 m. The breadth varies
from 5 mm. to 1'3em. The larvae occur in the body-
cavity of various (,vprmold fishes and adult worms in various
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fish-eating birds. The adults differ but little from the larval
form.
Only larval forms have been recorded from India.

SPECIES INQUIRENDA.

Moghe (1926) recorded Ligula sp. from Rasbora daniconius,
India, but he did not describe it.

Family 1L TRIZENOPHORID.E Nybelin, 1920,

Scolex armed or unarmed, with two shallow bothria and an
anterior, flattened, dise-like termination. In one genus, viz.,
Fistidicola, a pseudoscolex is present.  Genital pores marginal
(not surficial), alternating. Receptaculum seminis and vesicula,

seminalis absent.  Uterus a coiled duct, its pore being ventral.

Bags operculated. Adults in fishes and turtles.
Type-genus :—ricnophorus Rudolphi, 1793.
Four generp are usually referred to this family, namely :—
Tricnophorus Rud., 1793, in which external segmentation
of the strobila is absent.
Ancistrocephalus Lithe, 1879, in which the strobila is
segmented externally and the scolex is armed.
Fistulicole Lithe, 1899, in which the strobila is segmented
externally, head unarmed and testes for the most, part
aituated internal to longitudinal nerves, the uterns being
wide and forked.
Anonchocephalus Lithe, 1902, in which the strobila is
segmented, head unarmed, testes situated mostly ex-
ternal to longitudinal nerves, and uterus very narrow.

The family is represented in India by a single species closely
related to Ancistrocephalus polyptera (Leydig, 1853) Mont.,
1590, )

Genus ANCISTROCEPHALUS Liihe, 1599.

Synonym :—Polyenchobothrium Diesing, 1854,

The scolex is flattened and armed with small hooks, A

pseudoscolex and neck always absent. External segmentation
distinet, all the proglottides being broader than long. The
[[:c-nital ducts pass dorsal to the longitudinal nerves, the latfer
]

cing situated a considerable distance from the margins of the

segment, The testes are sitnated vnnt}'ﬂll_\' in two lnteral
Mields, nniting posteriorly, and not extending laterally external

to the longitudinal nerves. The genital pores are marginal,

alternating ; vitellaria situated in the medulla in two lateral
fields external to the longitudinal nerves, and connected
by a layer of follicles immediately adjacent to the dorsal
longitudinal muscle layer. A second layer of vitellaria, also
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immediately adjacent to the longitudinal muscles, is sometimes
present in the cortex dorsally. The ovary is bilobed. The

] . . . 3 .
uterus is a long, narrow, much coiled canal, its terminal portion

Fig. 12.—-Anetstrocophalue sp, A, entire worm, Xabout 18; B, head, X753 ;
C, head, viewed en face, X140, (After Southwell,)

being dilated. The uterine pore is lateral and irregularly
alternate. The eggs are thick-shelled. Adults in fish.

Type-species :—Ancistrocephalus  microcephalus (Rudolphi,
1819).

Ancistrocephalus sp, (Iig. 12.)
Synenym :— A ncistrocephalus polyptera Sonthwell, 1913,

From Ophiocephalus striatus and Labeo rohita, Bengal, India.
Southwell.

The worm measures 1°7 em. in length and has a maximum
breadth of 800 . Segmentation is definite and complete,

VOL. 1. ¥
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The scolex is somewhat rectangular in shape and bears two
fleshy bothria ; anteriorly it terminates in an umbrella-
shaped rostral disc armed with about fifty-six straight, spindle-
shaped spines, arranged in a single crown around its eircum-
forence, and having the appearance shown in fig. 12. A neck
is absent. The first proglottis is almost square, and the latero-
posterior margin of each proglottis overlaps the succeeding
one. The internal anatomy of the worm is entirely unknown.

Southwell pointed out that this worm differed from A,
polyptera in the number of spines and in the size of those spines
situated immediately anterior to the bothria. Apparently only
two species of the genus are known, namely, A. microcephalus
(Rudolphi, 1819), from the sun-fish, Orthagoriscus mola (marine),
and A. polyptera (Leydig, 1853), from Polypterus bichir, a
fish the distribution of which is limited to the Nile and to the
river basins of Tropical Africa which drain into the Atlantic.
As pointed out by Southwell, the occurrence of this worm in a
teleost is unique. The parasite cannot be referred to the genus
Bothriocephalus hecause the hothria are well developed and
segmentation ig distinet. The worm properly belongs to the
genus Ancistrocephalits, but the number and form of the hooks
are not identical with those of the species polyptera. In the
absence of any information relating to its internal anatomy,
it has been thought inadvisable to make it the type of a new
species,

Family 111. PIYCHOBOTHRIIDX Liihe, 190%.

Scolex usually with two bothria, sometimes armed ; a
psendoscolex may be present : segmentation complete, but
sometimes obscured. (enital pores rarely marginal, almost
always surficial, dorsal. Uterine pore ventral and situated in
front of the genital pores. Receptaculum seminis. when present,
a blind sac situated at the inner end of the vagina. Uterus
never a rosette, generally a large sac with a small uterine duet.
Eggs thin-shelled, usually not operculated.

Adults in fishes and mammals.

Type-genus :—Ptychobothrium Limnberg, 1889,

Liihe (1902) erected this family. and cited Bothriocephalus
Rudolphi, 1808, as the type-genus. His reasons for doing so
are given in his paper.

This is directly contrary to the rules of nomenclature, and
cannot possibly be accepted. The error has heen copied by
both Cooper (1918) and Meggitt (1924). If the family name,
Ptychobothriid®, is retained, then the type-genus must be
Plychobothrium. 1f, however, the type-genus of the family is
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Bothriocephalus, then the family name must be Bothriocepha-
~lide. As it seems preferable to retain the family name,
Ptychobothriidz, I designate as the type-genus Ptychobothrium
Linnberg, 1889.
The family contains four genera. In two of these (Bothrio-

* eephalus Rud., 1808, and Clestobothrium Liihe, 1899) the uterus

15 sac-like, the bothria feeble and the receptaculum seminis
absent in the former, whilst in the latter the head is spherical,
the bothria are sunk in the scolex, and the receptaculum
seminis is small. In the other two genera (Plychobothrium
Lonn., 1899, and Taphrobothrium Lithe, 1899) the uterus is a
coiled canal; in the former the bothria are well developed,
the vitellaria being situated in the cortical parenchyma, whilst
in the latter the hothria are feeble and the vitellaria are in
the medullary parenchyma.

Two doubtful species from India, which were placed in the
genns Bothriocephalus Rud., 1808, are dealt with on page 58.

Genus BOTHRIOCEPHALUS Rudolphi, 1505.
Synonym :—Dibotkrinm Diesing, 1550.

Seolex elongated, with two bothria feebly developed. Ex-
ternal segmentation indistinet, but marked by a tooth-like
notching of the lateral border. Utering pore median and
ventral : male and female pores median and dorsal. Testes
and vitelline glands continuous throughont the strobila,
Vitellaria in the cortex. Receptaculum seminis absent. First
part of the uterus a sinuous duct (uterine duct) opening into a
large spherical sac¢ (uterine sac or uterus s. str.).

Type-species :—Bothriocephalus scorpit (Miiller, 1776).

(1) Bothriocephalus pycnomerus Woodland, 1924, (Fig. 13,1

From Ophiocephalus marulius, Allahabad, United Provinees,
India. Woodland.

The worm measures up to 76 ¢m, in length and from
9 to 3 mm. in breadth. The scolex is about 1'1 mm. in
length and 700 in maximum breadth. The anterior
third of the scolex is narrower than the dilated posterior
region, and terminates anteriorly in a truncated disc, the edges
of which are drawn out into four lappets, each lappet being
armed with about seventeen radially disposed, stout, rod-
shaped spicules. In the middle region of the edge of each
lappet. the spicules attain a maximum length of 73 4, but
in the grooves between each pair of lappets they measure only
20 4. The dilated posterior part of the scolex bears two
shallow bothria. There is no neck. The lines of demarcation

¥ a
.
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Fig. 13.— Bothriocephalus pycnonierus. A, head, X 56 ; B, scolox spicules,
% 260; O, anterior end, X 17°5; D, dorsal espect of worm, X 12;
E, ventral aspect of worm, X 12; F, portion of immaturs
worm, showing lack of correspondence between external seg-
mentation and number of sets of genitalin, X 12; G, trans.
verse section, in oufline, of mature segment, X 28. (After
Woodland, in * Parasitology.’)
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of the proglottides one from another vary greatly in distinet-
» ness and correspondence with the sets of genitalia in different
regions of the strobila. In the part where the genital
rudiments first become distinet, each apparent proglottis
contains from two to four sets of genitalia. In the area
where the genitalia are mature there is also often no exact
correspondence between the outlines of the segments and the
sets of genitalia. In gravid segments it is also impossible
to make the indistinct segments correspond with the uterine
sacs.  In certain places, however, the segments are distinct
and appear to contain a single set of genitalia. The excretory
system consists of two excretory canals situated one on each
side of the strobila. The testes number from thirty to forty
in distinet; segments. The cirrus sac is large and muscular,
and contains several eoils of the ductus ejaculatorius. There
15 considerable variation with regard to the relative antero-
Posterior positions of the openings of the cirrus and uterine
sacs. The ovary is a narrow bilobed organ situated at the
posterior extremity of the proglottis. From it a short oviduct
arises which opens into the odtype, which latter receives the
openings of the vagina, the shell gland, and the vitellaria.
m the odtype the tubular convoluted uterus arises and
opens into a spacious, transversely elongated uterine sac.
Neither the uterine sac nor its opening is ever situated in the
‘median line; they are found irregularly either to the right
or to the left. The uterine eggs measure abont 44 by 26 u.
They are oval in shape, thin-shelled, and non-operculated.
This species resembles B. histiophorus Shipley, 1901, except
that in the latter worm the scolex is apparently unarmed.

(2) Bothriocephalus histiophorus Shipley, 1901. (Fig. 14.)
Synonym :— Bothriveephalus plicatus Shipley, 1900,

From Histiophorus sp., Indian Ocean, Shipley. The
_length of the worm is not known; the longest fragment
measured 20 ¢m., and it had a maximum breadth of 3 to 4 mm.
The scolex is unarmed ; there are two longitudinal slit-like
bothria, situated one dorsally and one ventrally, and a flat
four-lobed “ cap " measuring 1'5 mm., constricted near the
posterior end. There is no neck. The proglottides are funnel-
shaped, and have markedly salient angles, especially anteriorly.
The ripe proglottis measures 160 g in length and 500 g in

~ breadth. The cirrus opens medially and dorsally ; close behind

it the vagina opens, the pore being surrounded by a well-
marked sphineter muscle ; the uterine sac is pushed irregularly
to the right or to the left, and its pore is distinetly not median,
The vitellaria are situated in the cortical parenchyma close to
the cuticle. The testes number fifty to seventy-five, and are
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situated in the medulla. The ovary is a bilobc'd.or.'gan, and
the oofype is conspicuouns. A receptaculum seminis is abscnt.h
The uterine eggs measure 45 by 35 p.

—
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Fig. 14.—Bothriocephatua histiophorus. A, entire worm; B, segment;
C, transverse =ection of regment; D, sngitial section of segment
E. horizontal wsoction of segment, Mugnifications unknown.
(After Shipley.,)

No species of the familics Amphicotylide Nybelin, 1920,
and Echinophallide Schumacher, 1914, have been recorded
from India. '
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Superfamily II. TETRARHYNCHOIDEA, nov.
Synonym :—Ordexr Trypanorkyncha Diesing, 1363, :
A full account of the history of the trypanorhynchids was
published by the writer in 1929, As far as can be ascertained,
Redi was the first to describe a worm belonging to this order.
In 1684 he obtained larval tetrarhynchids from the liver,
intestine, and testes of Argentina sphyramae. Gmelin (1790)
gave the name Fchinorhynchus argentine to the worms de-
seribed by Redi. Rudolphi (1819) relates that :—* Redi
described 8 worms with the head and half the body white.
the rest of the body being yellow : and again he described
more than 50 worms white throughout. The size varies,
extending in length beyond the breadth of four fingers across.=
When contracted they are smaller. They moved like snails,
and they also carried four little horns on their head, or rather

Fig. 15— Echinorkynchns quadrirostris, A, entire worm; B, s proboscis.
(After Goeze.)
Tentacularia coryphenm, C, entire worm, Magnification unknowr.
(Aftor Bose,)

hard (?) and strong hooks, by the help of which they clung to
the parts so strongly that he could not tear several away before
he had cut away that part they were clasping. All seem to
have been free or not enclosed in a sac, for of this sac no
mention is made. Yet he states that certain worms lay hidden
beneath the outer tunic of the intestine, liver, or ventriculus.
... Some stuck at one time to the first stomach and at
another to the tunic of the intestine and liver. That the species
discovered by Redi (excellent man) is distinet, their different
habitats, no less than their size, much greater than the rest,
render probable.” The identity of this parasite s quite
unocertain.

Goeze (1782) gave the following deseription of another para-

site which he named Echinorhynchus quadrirostris (fig. 15) .—
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“ Candidus, eylindricus, cauda rotunda, corpori intubulata,
proboseide quadruplici retractili perechinata.” His figures
(3-5 on pl. xiii) show quite clearly that this worm was a larval
tetrarhynchid. The host is Salmo salar. Zeder (1800)
refers to this worm as Echinorhynchus conicus.

Bose (1797) defined and gave a fignre (fig. 15) of a parasite
which he placed in a new genus named by him Dentacularia.
His account reads :—** Body enclosed in a sac: appar-
ently no mouth : four retractile tentacles on the head. The
species . . .. found on the liver of Coryphana hippurus had
a longitudinally striated body. The sac containing it was two
lines in length. Echinorhynchus quadricornis of Goeze (Linn.
Syst. Nat. ed. Gmel p. 3049, No. 35) should be included in"
this genus, which, at any rate, appears to be closely related
to Echinorhynchus.”

Apparently Bose was in error here: he must have meant
E. quadrirostris Goeze, 1782. There can be no doubt, however,
that Bosc was right in including Goeze's species (i.e.. K. quad-
rirostris) in his new genus Pentacularia. Bosc’s parasite was a
larval form, and no type-species was designated. In 1802
Boso added a few details relating to his genus Tentacularia,
and gave the species the name Zentacularia coryphene. He
pointed out clearly that the genus Tentacularia differed from
Echinorhynchus in having “its suckers in the form of retractile
tentacles.”

In 1809 Rudolphi established the genus Tetrarhynchus. He
included it in his second order Acanthocephala, which com-
prised two genera only, viz., Echinorhynchus and Tetrarhiyn-
chus. It will be ¢lear from the above that the name Tenta-
cularia Bose, 1797, has priority over Z'etrarhynchus Rudolphi,
1809. Rudolphi in that year defined the genus P'etrarhynchus
as follows :—" Body rounded, varied in form, proboscides
evertible ; hooks in series.”” He dealt with four species only,
in the following order, and they were all larvie, viz, .—

(1) Tetrarhynchus appendiculatus=Echinorhynchus quadri-
rostris Goeze, 1782,

(2) Tetrarkynchus papillosus=Tentacularia coryphang Bose,
1797.

(3) Tetrarhyhchus elongatus : this is the name he gave
to the larva found by Redi in Argentina sphyrane, which
Gmelin had previously named Echinorhynchus argentine.

(4) Tetrarhynchus morrhua : a name given by Rudolphi
to larval forms from Gadus morrkua which Viborg and Abild-
gaard had previously named Echinorhynchus quadrirostris.

Rudolphi’s deseription and figures give no clue as to what
the adult worms are which are represented by the above larval
forms. In 1810 he included in his genus Bothriocephalus
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(division armati, Echinobothria) two species, viz., Bothrio-
cephalus  corollatus and B. paleaceus. The former was
apparently a tetraphyllidean and the latter a tetrarhynchid.
It appears certain, therefore, that Rudolphi’s genus
Petrarhynchus contained at that time only larval forms.

Cuvier (1817) established the genus Floriceps, with the
following characters :—~ With four small proboscides or
tentacles armed with hooks, by means of which they attach
themselves to the viscera of their hosts. There is one which
is quite common in rays, viz., Bothriocephalus corollatus
Rudolphi, 7 inches in length. Its head is just like a flower.”
He dofined the genus Tefrarhynchus as follows :—" They
appear to be only Floriceps consisting simply of the head and
two segments, instead of an elongated body and several
segments. Very often one is found in the flesh of the tongue
of the turbot and several other fishes (7'. lingualis Cuvier).”

Rudolphi (1819) mentions a new genus which he called
Rhynchobothrius, but he did not define it.

Van Beneden (1850) placed the genus Tetrarhynchus in his
family Phyllorhynchiens, the latter being one of the three
families into which he divided the order Tétraphylles.

- Diesing (1850 and 1863) erected several new genera of
tetrarhynchids, all of which have fallen into synonymy.

Carus (1863) accepted van Beneden’s classification.

Cobbold (1864) defined the characters of his new family
Tetrarhynchide as follows :— Tetrarhynchida. The mem-
bers of this family are easily recognized by the possession of
four armed retractile proboscides attached to the head. The
armature consists of several successive rows of sharply pointed
recurved hooks, frequently amounting to several thousands.
The head itself is usually more or less bilobed, each half sup-
porting either one bipartite bothrium or else two separate
fossm. These cavities are alse frequently supported on four
petaloid appendages, which vary much in shape in the different
species, and also in the same individual, according to the
degree of contraction of the part. The head and neck ave
continuous, and usually about the same breadth as the body,
the latter being sometimes even narrower than either the head
or neck. The body is depressed. filiform, distinetly segmented,
and usually of great length in the mature state, the reproduc-
tive orifices being situated at the lateral margin of the joints
in an irregularly alterpate manner.”

Linton (1889) subdivided the family as shown below - —
Family Tetrarhynchida Cobbcld, 1864
(=Subtribe Trypanorhyncha Diesing, 1863,
Subfamily Phyllorhynchina: van Ben.).

Subfamily 1. Dibothriothynchine Ment., 1892
(= Dibothriorhynchide Diesing).
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Genus 1. Rhynchobothriwm Rudolphi, 1819
(= Tetrarkynchus of authors).

Genus 2, Olobothrium Linton, 1889

Subfamily II. Tetrabothriorhynchinz Mont., 1888
(= Tetrabothriorhynchidae Diesing, 1863).
Genus 1. Tetrarhynchus Rudolphi, 1809.
Genus 2. Syndesmobothrium Diesing, 1854,

Lonnberg in 1889 erected the Coemomorphinz as a sub-
family of the Tetrarhynchide. Type and only species,
Canomorphus grossus (Rud.)=Tetrarhynchus linguatulus (van
Ben.) =1 solidus Drummond, 1838. The principal characters
of the subfamily are: (1) the presence of a double set of

“genitalia in each segment, and (2) the fact that the worms
are very stout and muscular.

Vaullegeard in 1899 published a very able revision of the
tetrarhynchids, and his work deserves to be much more widely
known than it is at present. He concludes that they form
such a homogeneous group that their division into genera is
well-nigh impossible : but he divides them into two sections,
Viz. —

(1) TETRARHYNCHUS LINGUALIS Section.

This included all those species in which the larva develops
within a vesicle. It contains Telrarhynchus quadrirostris
(Goeze, 1782) ; 7. lingualis Cuvier, 1817 : 7. infulatus (Molin,
1858) ; 7'. bisuleatus (Linton, 1889); 7. robustus Linton,
1890, and 7. lintoni, Vaullegeard, 1899 (=7'. tenuis Linton,
1890). It is curious to note that all species in this section
have two characters in common, viz., (@) the posterior part of
the head is produced into a collar-like structure which over-
hangs the anterior segments, and (b) the hooks on the pro-
hoseides are numerous, minute, practically all alike, and equal
in size.

(2) TETRARHYNCHUS ERINACEUS Section,

This included all those species in which the larve develop
within a bladder. Tt contains the great majority of tetra-
rhynchids.

Between the above two sections he placed an intermediate
series which he termed the *wiridis” section. It included
PLetrarhynchus megacephalus Rudolphi, 1819 ; T tetrabothrius
(van Beneden, 1849); 7. caryophyllus (Diesing, 1850); 7',
viridis Wagener, 1854, and 7'. crenacollis (Linton, 1890), g

Braun (1900) included the following genera in the
order Trypanorhyncha, viz.: Rhynchobothrius Rudolphi,
1819 ;  Dibothriorhynchus Blainville, 1828 (=C'anomorphus
Lbnnberg, 1889) ;  Tetrarhynchobothrium  Diesing, 1850 ;
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Synbothrium Diesing, 1850 ; Aspidorhynchus Molin, 1855 ;
Abothros Welch, 1876 ; and Otobothrium Linton, 1890,

Lithe (1910) defined the order Trypanorhyncha thus:—
“ (Cestodes whose scolex is usually continued into a head-stalk;
with two or four bothridia at whose apical end are four armed
extensile proboscides. When retracted (with the assistance of
a retractor which runs in their interior and is inserted into their
anterior end) each is drawn back into a proboscis sac; this
corresponds in thickness and length with the proboscis itself,
and represents a direct continuation of the proboseis into the
anterior end of the scolex and head-stalk. At its inner end the
sheath passes directly into the visibly thicker, sharply deline-
ated, egg-shaped orsausage-shaped sac, whose contraction brings
about the extrusion of the proboscides. External segmenta-
tion complete. Formation of segments as in Tetraphyllidea.
Mature in stomach or spiral valve of selachians ; larve found
in all kinds of marine animals. In fresh water only a few species
are found in the larval condition as parasites of teleosts. No
details of the development of the larva are known.” He
distinguished two families, viz. :—

1 l‘m{t encysted ; proboseis loug, alender, eylin-

drical; whole body not munssive or muscular .. Tetrarhynchidse,
2. Frée larvee, not encysted ; proboscis short, almast

semi-globular or eclubsshaped; whole body

robust or Mmuscular .. ... .eenuns N oo Coenomorphidee.

He ascribed the following characters to the family Tetra-
rhynchide Cobbold, 1864 :— Scolex with long, slender,
eylindrical, very mobile proboscides, with two or four very
mobile bothridia more or less leaf-like. Head-stalk present.
Strobila slender, with little muscular development. often
transparent, Segments, when mature, longer than broad,
easily detachable; in each segment a single set of genital
organs. Uterus apparently without primary pore. Ripe eggs,
as in Tetraphyllidea, escape through dehiscence. In spir
valve of selachians; larva in turtles, bony fish, cephalopods
and decapods.” He added that nothing was known regarding
the systematic division of the family.

He defined the family Cenomorphide Lithe (1910) as
follows :— Scolex very robust, with short, thick proboucides,
semi-globular or club-shaped, with two simple bothridia sunk
into the scolex like a pit or a split, and with edges which hardly
protrude: no head-stalk. Strobile robust and very muscular,
up to 4 mm. in thickness and not transparent ; segments when
mature much broader than long and not separating off. In
each segment there are two sets of genital organs: uterus
with a special pore opening ventrally and having its own
muscular system. Mature in stomach of sharks ; larve, not
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encysted, found in bony fish. There is only one genus with
one species, viz., Caenomorphus grossus (Rud.)="Tetrarhynchus
solidus =T. linguatulus.”

Pintner (1913).in dealing with the tetrarhynchids in general,
pointed ont that so little was known regarding the anatomy
of the various species that it was impossible to deal extensively
with the family. He recognized three groups, viz. :—

1. With a true utering pore present ......,..... 1. wiridis group.
2 With au involuted apparent pore, not found in =

the anterior segments ...... o e e e e T ruficollis group.
3, Segments dehiscent, no uterine pore vither

primary or secondary .o.coieiiaaooa vovo T temuis group.

In addition, he defined, in very elaborate detail, the characters
of six genera, four of which were new. The same author
adopted the following terminology :—The head is craspedote
where there is a division between it and the neck; it is acras-
pedote where the division is absent. Ripe segments are ana-
polytic when they remain attached to the strobila, but apelytic
when they automatically separate from it. Gravid segments
are euapolytic when they separate from the chain and continue
to grow, but hyperapolytic if they separate from the strobila
before they are mature, and especially if they do so before the
uterus is developed.
Poche (1926) classified the Trypanorhyncha as follows —

(Ylass Cestoidea.

Subsubelass I. Amphilinoinei Poche, 1926,

Subsubelass I1. Tenioinei Poche, 1926,
Order I. Bothriocephalidea Poche, 1926.
Order 11. Echinobothriidea Poche, 1926.
Order 111, Tetrarhynchidea Poche, 1926,

The latter he subdivided as follows :—
Suborder 1. Haplobothriinea Poche, 1926,
Family Haplobothriidse Meggitt, 1924,
containing only Haplobothrium ylobuliforme Cooper, 1914.
Suborder 1. Tetrarhynchinea Poche, 1926,
Subtribe 1. Aporhynchoinge Poche, 1926,
Family Aporhynchide Poche, 1926, containing only
Aporhynchus norvegicus (Nybelin, 1918).
Subtribe 2. Tetrarhynchoinz Poche, 1926,
Family Tentaculariide Poche, 1926, with the following
genera i—
(1) Tentacularia Bosc (= Telrarhynchus Rud.); (2) Eule-
trarhynchus Pintner ; (3) Tetrarhynchobothrium Diesing ;
(4) Stenobothrium Diesing ; (5) Lakistorhynchus Pintner ;

-
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(6) Acoleorhynchus Poche, 1926 : (7) Nybelinia Poch=, 1926 (for
Aspidorhynchus Molin) ; (8) Synbothrium Diesing ; (9) Abothros
Welch ;: (10) Floriceps Cuvier : (11) Wagneria Monticelli :
(12) Halysiorhynchus Pintner ; (13) Sphyriocephalus Pintner :
(14) Dibothriorhynchus Blainville ; (15) Otobothrium Linton,

Guiart, (1926) placed all the tetrarhynchids in the order
Rhynchobothriens Dujardin, 1845 this he divided as follows:—

Suborder I. Acystidea Guiart, 1926,

Contains all tetrarhynchids the larve of which belong to |
Tentacularia. Head free, not in a vesicle, bothridia dorso-
ventral ; proboscides usually rather short, emerging from top
of head between bothridia, and armed with small similar hooks.
Bulbs short and usually immediately behind bothridia. Neek
sometimes has an annular fold or collar.

Family I. Bouchardide Guiart, 1926.
Genug Bouchardia Guiart, 1926,
Type-species :—Bouchardia crassiceps (Diesing, 1850),

Family II. Rufferide Guiart, 1926,

Genus 1. Rufferia Guiart, 1926.
Type-species :—Rufferia tubiceps (Leuckart, 1819),
Genus 2, Pierretia Guiart, 1926,
Type-species :— Pierretia carcharice (Linstow, 1878).

Suborder II. Cystidea Guiart, 1926.
Contains all tetrarhynchids the larvee of which belong to
Anthocephalus. !
Head enclosed in a vesicle, which may bear a very long
caudal appendage. Bothridia dorso-ventral or lateral ; pro-
boscides long, armed with hooks often dissimilar: bulbs
generally long and situated behind head.

Family I11. Vaullegeardide Guiart, 1926,
Genus 1. Vaullegeardia Guiart, 1926,
Type-species :— Vaullegeardia monjezi (Railliet, 1899).

Family IV. Lacistorhynchide Guiart, 1926.

The author did not mention any genera belonging to this
family.

Woodland (1927) united the orders Tetraphyllidea and
Trypanorhyncha, together with the family Proteocephalidz,
into one order, viz., Tetraphyllidea (sens. nov.). He stated
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that the Trypanorhyncha (which he referred to as the family
Tetrarhynchida Cobbold) have the following characteristics :—
Head with four proboscides_. a distinet internal layer of
longitudinal muscle hundles, concentrically arranged vitellaria,
and a vagina situated ventrally to the uterus and cirrus sac.

The vitellaria are usually arranged concentrically, but in a
few cases they definitely consist of two marginal strands only.
The longitudinal muscle fibres arve not always either distinct or
internal. In some species the fibres are scattered through the
cortical parenchyma, whilst in others they are collected into
. large bundles which oceupy the major portion of the cortex,
[t remains to be seen whether the vagini 1s constantly situated
ventrally to the uterus and cirrus Igouch or not. He also
suggests the inclusion of Adelobothrium «etiobatidis Shiploy,
1900 (—T'ylocephalum marsupiun Linton, 1916), in the family
Tetrarhynchidee because the vitelline glands are concentric,
even though the head does not bear proboscides.

Pintner (1928) placed all the tetrarhynchids in one family

Tetrarhynchidie in his Order IL. Cestodes (s. str-).
n the livers of five specimens of

Essex (1928) records fror
Amieurus nebulosus taken from the Mississippi, Minnesota,
cight cysts measuring about 700 by 660 p, cach containing a
larval cestode possessing four protrusile proboscides without
as could be ascertained, without

hooks or spines, and, so far
aceessory bothria or acetabula. The character of the seolex

suggests that the larve probably belong to the order Trypano-
rhyncha. Apparently, however, they differ from all other
species of this order in that the proboseides are unarmed ;
whether this feature persists i
be seen, and the larva cannot
present state of our knowledge

be definitely classified in the
of this form.

PropoSED CLASSIFICATION.

Superfamily T1. Tet rarhynchoidea, nov.

Family I. Tetrarhynchidae Cobbold, 1864,
Synonym :—Tentaculariide Poche, 1926,

(lenera i—Tetrarhynchus Rudolphi, 1809,
Tentacularia Bose, 1797,
Gymnorhynchus Rudolphi, 1819,
Otobothriwm, Linton, 1890,

Family II. Caenomorphide Liihe, 1910, emended.

Genus Camnomorphus Lonnberg, 1889, emended.

Family II1. Haplobothriids Meggitt, 1924,
Genus Haplobothrium Cooper, 1914,

n the adult worm remains to
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Of uncertain systematic position :—

Aporhynchus Nybelin, 1918,

The above six genera are recognizable by the following

“general characters :—

1. Detrarhynchus : with four bothridia lying parallel to
strobila, except in one species, viz., 7. herdmant.

2. Pentacularia : with two lateral bothridia which may be
entire or divided to a varying degree.

3. Gymnorhynchus ; with four terminal bothridia arranged
in the form of a cross, without ciliated pits.

4. Otobothrium : in which there are either two bothridia,

‘each bearing a pair of ciliated pits, or four bothridia each

with a single ciliated pit. e
5. Oanomorphus : in which there is a double set of genitalia
in each segment.
6. Haplobothrium : in which the genital pores are ventral.

‘The characters of the superfamily, families, and genecra are
given below :—

Superfamily 1L Tetrarhynchoidea, nov.

Head with two or four bothridia and bearing four protrusile
proboscides armed with hooks; segmentation complete.
Genital organs as in the Phyllobothricidea (except in Haplo-
bothrium).  Vitelline glands usually encircling the segment,
but may be paired and marginal ; they lie cither externally
ot internally to the longitudinal muscles ; the latter are either
collected in definite bundles or scattered as separated fibres
in the cortex. Primary uterine pores either present or absent.
Adults in elasmobranch fishes and oceasionally in teleosts.
Larve in teleosts, reptiles, and invertebrates. With three
families.

Family I. Tetrarhynchide Cobbold, 1564

With & single set of genitalia in cach segment. Genital
pores marginal, Worms more or less fragile. Parasitic in
marine and fresh-water fishes.

Type-genus :—Petrarhynchus Rudolphi, 1809,

Family II. Cenomorphid® Liihe, 1910, emended.

With a double set of genitalia in each segment. Genital
pores marginal. Strobila stout and muscular. Parasitic in
marine and fresh-water fishes No species of this family have
been recorded from India.

Type-genus :—Jeenomorphus Lonnberg, 1889.
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Family TIT. Haplobothriide Meggitt, 1924.

This family contains one genus only, with a single species,
viz., Haplobothrium globuliforme Cooper, 1914. In this worm
the scolex of the primary strobila is reduced and consists of a
club-shaped organ bearing four protrusile armed proboscides
as in other species of Tetrarhynchoidea. The spines continue
over the anterior portion of the scolex. Segmentation com-
mences a considerable distance behind the head and the
segments are few and very much longer than broad. Later on
each of these segments breaks away from the parent strobila
and becomes secondarily segmentad ; the secondary anterior
segment of each fragment bears a pseudoscolex in the form of
two bothria, one dorsal and one ventral, as in many species
of Dibothriocephaloidea, The borders of the terminal disc of
the secondary scolex and of the posterior auricular appendages
of both scolex and anterior segments are provided with minute
spines which disappear with the appendages further back.
This secondary segmentation is marked before each primary
segment separates from the original strobila. A single set of
genital organs in each segment; genital and uterine pores
situated on the flat (ventral) side. Vitelline glands and testes
in the medullary parenchyma, both internal to the nerve
trunks. Testes in two lateral fields, with vitellaria arranged
cylindrically around them, leaving clear arcas opposite the
central genital ducts. Uterns divided into a coiled proximal
uterine duct and a large uterine sac.

This species possesses characters which ally it to both the
Tetrarhynchoidea and the Dibothriocephaloidea. The four
armed proboscides are typically tetrarhynchid, whilst the
presence of ventral genital pores and pseudobothria at the
exterior extremity of the secondary strobila indicate its
relationship to the Dibothriocephaloidea *.

Found in the intestines of fish (4dmia calva) in Canada and
America. The worm has not been recorded from India.

Type-genus :—Haplobothrium Cooper, ‘1914.

Of uncertain systematic position :—

Genus Aporhynchus Nybelin, 1918,

This genus contains only a single species, viz., Aporhynchus
norvegicus (Nybelin, 1918), the characters of which are : the
entire absence of proboscides; the unpaired vitelline duct
forks ; the scolex is acraspedot, there are four bothridia : the
external seminal vesicle is very muscular, the cirrus very
thick and museular ; a pseudouterine opening present.

Having regard to the fact that, amongst other things. the
position of the genital pores in Haplobothrium has been con-

* It is furthor related to the Dibothriocephaloides in that its life-history
is similar to that of Dibothriocephalus latus,
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sidered sufficient to warrant the erection of afamily, and even
a suborder, to contain it, and, similarly, that the presence of
double genital organs in Canomorphus is also regarded as of
family value, one feels justified in considering that the differ-
ential characters named above are, if not adequate, at least
useful generic distinctions.

It has been previously noted that Redi deseribed, but did
not name, a number of larval tetrarhynchids, and that Goeze
deseribed others under the name Eehinorhynchus quadrivostris
Bose, however, was the first to separate his species from the
genus Lekinorkynchus and to apply the name Tentacularia
to those forms with four proboscides. The name Tentacularia
Bose, 1797, therefore has priority, and Poche, in 1926, erected
a family Tentaculariide, containing fifteen genera, which com-
prises almost all the known species. Worms of this family
are, however, commonly called tetrarhynehids.

Cobbold (1864) erected the family Tetrarhynchidw, and for
this reason the superfamily is named Tetrarhynchoidea,
although it is true that the name Penfacuiaria has precedence.
It is impossible to decide from Bose’s crude figure of Tenta-
cularia coryphana, obtained from a dolphin, whether the head
of his species had two or four bothridia.

Linton, in the vears noted below, recorded the following
forms from the common dolphin (Coryphaena hippuris), viz.,
(1897) Tetrarhynchus bicolor Bartels, a species with four
bothridia ; (1901) 7. bicolor Bartels, and Rhynchobothrium sp.,
a species with two bothridia ;. (1905) 7. bicolor Bartels, and
Rhynchobothrium specioswm Linton, 1897, o species with two
bothridia. Tt will be noted that the larval forms recorded
from the dolphin comprise species in which the head bears
two bothridia and forms in which four bothridia are present,
and of these it is impossible to decide which was the one
obtained by Bose. Of these larval forms, R. speciosum has
been deseribed and figured better than the rest, and T there-
fore designate Rhynchobothrium speciosum Linton, 1897, as

being synonymous with Tenlacularia coryphena Bose, 1797,

the type-species of the genus.

The two genera Tentacularia and Tetrarhynchus are separated
in a most arbitrary manner by the fact that in the former
there are two bothridia, simple or partly divided longitudi-
nally, whilst in the latter there are four bothridia. This dis-
tinetion has, however, a very limited morphological significance.
The only justification for it is that it facilitates the identification

of species, Like every other character, it fails insome instances,
for, although it is easy to refer worms with two or four bothridia

to their respective genera, there are a few speciesin which each

“hothridium is only partially divided, and it may then become
(difficult to decide whether there are two or four bothridia.

Another similar complication may arise when a single
YOI, 1. [




82 . TETRARHYNCIHIDE.

bothridium fuses with the head, leaving its two lateral margins
free, as in Otobothriuwm balli Southwell, 1929, and Tetrarhynchus

matheri Southwell, 1920, In such cases the four lateral margins °

of the two bothridia present the appearance of four bothridia.
Such forms as these are to be regarded as intermediate, and
are difficult to classify.

It has been found necessary to include in the genus Tetra-
rhynchus one species in which the head bears only two bothridia,
namely, Detrarhynchus herdmani Shipley & Hornell, 1906. The
reason why this is so is owing to the fact that the eight known
species which are referred to the “ lingualis * group (see p. 74)
are very closely related to each other, heing characterized by
(1) the posterior part of the head overhanging the neck in the
form of a collar: and (2) the hooks on the proboscides being
practically all alike and extremely minute except perhaps
in the case of Tetrarhynchus equidentatus.

All the species possess four bothridia except Tetrarhynchus
herdmani. 1t seemed quite undesirable to split up such a very
definite natural group as this and to distribute the species
into two genera, namely, those with four bothridia in the
genus Tetrarhynchus and those with two bothridia'in the genus
Tentacularia. Therefore this species, although possessing only
two bothridia, is retained in the genus Petrarhynchus.

Family I. TETRARHYNCHID/E Cobbold, 1864

Genus I. TETRARHYNCHUS Rudolphi, 180

Small to medium sized worms ; head with four bothridia
lying parallel with the body and having their sucking surfaces
facing externally.

Type-species :—Letrarhynchus appendiculatus Rud, 1809,

Synonyms :—Fchinorhynchus quadrirostris Goeze, 1782,
Behinorhynchus conicus Zeder, 1800,

The adult worm Petrarhynchus appendiculatus is not known,

The host of the larva is Salmo salar.

The * Tetrarhynchus lingualis ** group includes the following

species in which (a) the head is produced backwards into a
prominent collar * which overhangs the anterior part of the
strobila, and () the hooks on the proboscides are almost always
minute and of equal size, viz. —

T'. lingualis Cuvier, 1817,

1. bisuleatus (Linton, 1889), Linton, 1897,

* In one specios of the genus Olobothrium, namely, 0. insigne, the head

alvo bears & collar, an indieation that the hard-and-fast distinctions which
are made between genera cannot be pushed too far.

c
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7. robustus Linton, 1890. Synonym : 7. narinari Mao-
Callum, 1917.

L. lenuis Linton, 1890,

T. periderceus Shipley & Hornell, 1906.

7. equidentatus Shipley & Hornell, 1906.

7. herdmani Shipley & Hornell, 1906.

7. palliatus Linton, 1924.

As the principal differences between the nine species dealt
with below have reference to the size and shape of the hooks
on the proboscides, it is not possible to provide a key.

(@) Apvrr Forwms.
(1) Tetrarhynchus periderzus Shipley & Hornell. (Fig. 16.)

From (1) Carcharias gangeticus, Pearl Banks. Shipley and
Hornell. (2) Ginglymostoma concolor, Pearl Banks, Ceylon.
Pearson.

Shipley and Hornell deseribed this worm as follows :—
*This species was present in large numbers in the small
intestine of Carcharias gangeticus. The head and a peculiar
extension of the head in this species is a well-marked shade of
dark grey, which contrasts vividly with the matt-white of the
rest of the body. Even in the stained and mounted specimens
peculiar coloured granules can be recognized, which doubtless
give rise to this colour in the living animals. This is a big
species, some specimens attaining a length of 70 mm., possibly
more, as the bottle in which they travelled was full of segments.
The width varies, but is never great, and even the head never
exceeds about 1-3 mm. The head bears two lappets, but they
are so divided in the centre as to appear as four. They are
very compressed into the héad and do not stand out. They
appear rather puckered at their edges. The proboscides
are slender and bear oblique rows of very minute teeth, all of
uniform size. The proboscis tubes and proboscis sheaths are
aliké short. The head is produced backwards into a very
characteristic collar which overhangs and embraces the
anterior part of the body. This is a very marked feature.
There is a fairly long neck, the first trace of segmentation
oceurring some way hehind the posterior limit of the collar.
The proglottides have straight sides and, except at the posterior
end, there is no sign of the cuticle being indented between
them., One peculiarity is that the body, usually about the
middle of its length, is thrown into coils and twists of a
very characteristic form. In the anterior proglottides one
sees a central stained part, possibly the uterus; posteriorly,
however, the seattered testes are visible, and the vas deferens

o
G <
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and penis, represented sometimes by a clear area, runs from
about the centre of the anterior border of each proglottis,

to the middle of either side, right or left, irregularly alternating.™
In 1924 the writer gave a brief description of the anatomy.

Fig. 16—Tetrarhynching periderancs, A, Inrva, magnifieation unknown ¢
B, head, X 37; €, proboscis hooks, X830 ; I proboscis
hooks, X 500; B, mature segment, X 40 F, gravid seg-
ment, X 46, (After Southwell)

As more material has sinee been obtained, a fuller account
I8 now given.

The worm measures up to 7 em. in length and 17 mm. in
breadth. It is composed of a large number of segments with
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convex margins, all of which are much broader than long.
o Lhe last gravid segment measured 500 p in length and 1-7 mm.
in breadth. The genital pores are irregularly alternate, and
are situated subventrally a little in front of the middle of the
lateral margin. In this respect it differs from 7. lingualis
Cuy,, 1817, and 7. bisulcatus Linton, 1889. There is no
neck.

Head. The head measures about 1:3 to 1:75 mm. in
length and from 800 p to 1 mm. in breadth. The four
bothridia measure from 900 o to 1 mm. in length, and their
posterior extremities lie over the centre of the proboscis sacs.
The latter measure 350 p in length by 180 w in breadth. The
proboscides are short ; within the head they form about two
coils, while their free portions are also short. They are urme.d
with a number of small, simple, delicate hooks which have their
tips slightly recurved, and which measure from 10 to 12 p.
These hooks are arranged spirally, there being 12 hooks in
that portion of the spiral which completely encircles the
%‘Qlwscidus once, so that 6 hooks are visible in each half-spiral.

he posterior part of the head is produced into a remarkable
fold or collar which encircles the anterior extremity of the
strobila. '

Testes. The testes vary in number from 60 to 70, they
oceupy the entire dorsal area within the excretory vessels,
and a fow testes are situated posteriorly to the ovary.

Vas deferens. The cirrus pouch is not conspicuons ; it lies
anteriorly to the vagina and median to the excretory vessels ;
it communicates with the exterior, and opens subventrally
by means of a long narrow duct. In the median direction it
extends almost half-way across the segment, its median
extremity being closely apposed to the anterior extremity of
the segment ; no spines were observed on the cirrus. The
vas deferens lies coiled within the cirrus pouch, near the
median extremity of which it dilates into a seminal vesicle.

Ovary. This is peculiar in being situated a little distance from

“the posterior extremity of the segment, and in being small

and dumb-bell-shaped ; it stains very deeply and the two 1.01)68
are very compact. The vagina runs posteriorly to the cirrus
pouch. ;
The witelline glands are very scanty, and consist of sm%:e
acini practically encircling the segment.  The rudiment of the
uterus is represented by an oval organ situated immediately
in front of the ovary. Unlike what occurs in most other
etrarhynehids, the vterus forms carly and consists of two
lateral pouches in communication with each other, which
continue to grow until they completely fill the segment.
The eggs are oval, and measure 34 by 23 p: the shell does

not bear filaments,
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Cuvier erected 7. lingualis in 1817 ; Shipley and Hornell
have described three and Linton four other species of tetray
rhynchids in which the posterior part of the head is produced
into a peculiar fold or collar which overhangs and covers the
anterior part of the neck. as in 7. lingualis, and in all the
eight species the hooks are minute and practically equal.
The principal points relating to the three Indian species are
tabulated below.

Larval forms of this species have been obtained from Balistes
mitis and B. stellatus.

The cysts are semi-transparent, oval, with broad extremities,
and flattened, measuring about 6 by 4 mm. The larval head
measured 1-3 mm. in length.

(2) Tetrarhynchus equidentatus Shipley & lHornell, 1906,
(Fig. 17.)

From Dasybatus walga, Pearl Banks, Ceylon. Shipley and
Hornell.

“ This is, I think, the largest Tetrarhynchus I have scen, and
it is certainly very large to come from the alimentary canal
of an elasmobranch. Unfortunately but one:specimen was
taken, and this measured 4-7 cm. in length, not a very great

length ; but it is the breadth which gives the magnitude to

Fige 17.—Tetrarhynchuas equidenfatns, A, head, X4 ; B, proboscis
hooke, X 50, (After Shipley and Hornell)

this animal. It is almost uniformly 3 mm. broad from one
end to the other, though it increases very slightly as we pass
backwards, but the last proglottis is narrowed. It is perhaps
0:3 mm. thick.




TETRARHYNCHUS. BT

“ Compared with the size of the body, the head is very small,
and the muscular sheaths come right up to the anterior end of
it, and thus there are no more or less coiled tubes between
them and the base of the exerted proboscides. The proboscides
bear spiral or rather obliquely placed rings of hooks ; the hooks
are all of precisely equal size and most regularly arranged.
They are 0:049 mm. in length. The head bears laterally well-
marked lappets or bothridia. It is succeeded by an unseg-
mented region which is about 2 to 2:5 times the size of the
head. This region terminates, asin Petrarhynchus herdmani, in
a well-marked collar with somewhat scalloped edge. The collar
hangs back and overlaps the body region.

“The divisions between the proglottides are anteriorly very
insignificant, but they soon become distinet, and thg proglot-
tides become a little longer. The total number 15 between
one and two hundred : but they are never very long, never
even square. The posterior proglottides aresalways some SiX
or seven times as long as they are broad, and the anterior
perhaps twice as much again. Their edges are rounded ; there
ig no trace of overlapping, and in the latter half of the body
the reproductive organs cause an 0paque patch in each
segment.”’ (Shipley & Hornell.)

Poche (1926), as a result of Shipley and Hornell's statement
that the proboscis sacs extend to the anterior extremity of the
head, has separated this species from the group and made
it the type of a new genus which he names Acoleorhynchus.
Pintner (1928) figures the proboscis sacs gituated almost
posteriorly, and rightly retains the species in the genus Tetra-
rhynchus. 3 :

Shipley and Hornell figure the species as possessing two
bothridia.

(3) Tetrarhynchus herdmani Shipley & Hornell, 1906. (Fig.18.)

From Dasybatus walga and Rhynchobatus djiddensis, Pearl
Banks, Ceylon. Shipley and Hornell. _

“The second species to [sic] Tetrarhynchus, found in the
alimentary canal of Trygon walga, and later in the same
position in Rhynchobatus djeddensis, is a long and compara-
tively slender one. We had only three or four specimens,
which averaged only about 30 mm. in length. The head is
small, only about 1 mm. in length. Tt has two well-developed
lappets which, as usnal, are very contractable and extensile,
The four proboscides emerge from very short museular sheaths,
which lie near the posterior limit of the head. Instead of
being half as long as the head, as is often the case 11 the Tetra-
rhynchide, they are perhaps from one-twelfth to one-tenth
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the head length. The proboscides which emerge from them
are slender and covered with minute tecth. all of the same
size, arranged in spiral rows. The teeth are about 0:01 mm,
in length.

“ The most characteristic feature of this cestode, but one
which it shares with 7. equidentatus . . . is a peculiar fold or
collar which hangs back from the head and covers the anterior
part of the neck. This collar seems to be very extensile.
In the figure drawn from the live specimen, its border of free
edge is scalloped, but in the specimens in spirit the collar seems
more retracted and the free edge is smooth and undivided,

Fig. 18— Tetrarhynehus lm.rdmum'. Head, x 60,
{After Shipley nod Hornell.)

*The neck is very short, Almost immediately after the
head the proglottides are indicatcd by sharp lines, There are
some 80 to 100 proglottides present, all separated from one
another by clear, horizontal, and in no case concave lines,.
Till the proglottides become packed with eggs, the Jaltg-ral
contours are also straight and parallel ; there is no overlapping.
Thus the cestode does not increase in width until we get to the
Posterior proglottides, and in these the presence of eggs entails
a slight lateral swelling, so that this end is almost moniliform,

e eggs are about 0-07 mni. in length.

“ In the centre of each of the last half-dozen proglottides is
a large ¢lear place. This may possibly be the remains of the
genital atrium, and, if 8o, this is median.
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** Tetrarhynchus herdmani is characterized by having a small
head, well-developed bothridia, short muscular proboseis
sheaths, one-tenth to one-twelfth the length of the head, teeth
on proboscis, uniform in spiral lines, 0-01 mm. in length,
well-developed collar, 60 to 100 proglottides, most with
parallel sides.” (Skipley & Hornell.)

Table showing the Principal Characters of the Three Twdian
Species of the ** lingualis ™ Group.

T. peridermzus. T. herdmani. 1. eqeadentatus.
Length of worm 7 om. 3 cm. 47 em., X
3 mm.
No, of segmonts Very nmmerous, 80100, 100-201),
Position of genital A little in front Middle. 2
pore. of middle. i
Hooks X! 10 4. Abont 10 s, 49 g
Hulf length of Short, = Long, oxtending
. bead ;  short length of head. anterior  to
QECeRIK aROA. o o, oval in centre Posterior, extremity  of
of hend. head.
Bothridin............ + 2 4

(4) Tetrarhynchus shipleyi Southwell, 1929. (Iig. 19.)

From  Ginglymostoma  concolor, Pearl Banks, Ceylon.
Southwell. g

The worms are very delicate and thread-like ; the largest
measure 2 cm. in length, S00 @ in breadth, and contain 34
segments ; most of the specimens, however, measure about
1 em. in length by 300 g in breadth. None of the specimens
are fully gravid., In the most mature worms the testes are
developed and the rudiments of the ovary can be seen. The
last segment measures about 1:45 mm. in length and 350 p
in breadth. The genital pore is situated laterally in the
P%tcrior fourth of the segment. There is & cnmpumti\'ely
ong neck,
 Head. The head varies in length from 2 to 3:5 mm. In
the latter the breadth across the proboseis sacs was 480 p,
and the breadth anterior to the sacs was 320 p.  The breadth
across the bothridia varies according to whether the bothridia
are viewed dorso-ventrally or laterally : in the largest speci-
mens the breadth was 720 p.  There are four bothridia having
a length of about 750 e Tﬁuy have slightly thickened margins
vf'hich bear numerous minute cilin ; in low-power magnifica-
tion they can he seen as a dark line running parallel to the
‘margin of the hothridia. Evidently they are deciduons, for in
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one head both the hooks on the proboscides and the cilia were
missing.

The proboscis sacs are short and stout, measuring about
540 p in length and 145 g in breadth. The proboscides are
very long and coiled within the head, and their free portion is
also very long. The hooks are all delicate and of various
shapes and sizes, as shown in fig. 19, the largest measuring

Fig. 190, —Tetrarlynclus shipleyi, A, head, X85: B,proboscis hooks, X175
€, D, proboscis hooks, %300, (After Southwell.)

approximately 25 . and the smallest about 5 .. That

Portion of the head between the bothridia and the proboscis

Sacs measures 2 mm,

ﬁl-'lle;tes and Vas deferens. The testes are very numerous,"and

Ind; ¢ entire contral field, being densely crowded together.
stribution they present one striking peculiarity in that they

y
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extend posteriorly to the ovary. The cirrus pouch covers
» two-fifths the breadth of the segment.
The rudiments of the ovary are situated a little distance from
the posterior margin of the segment, and, as noted above, a
number of testes lie posteriorly to the ovary. No further
anatomical details regarding the genitalia could be made ont
on account of immaturity.

Fig. 20.—Tetrarh lonicus, A, entire worm, 0 B. head, X 30;
- C, ﬁ,y;;:::{:;gayhmks. %400, (After Southwell.)
(5) Tetrarhynchus ceylenicus Southwell, 1929. (Fig. 20.)

From Ginglymostoma concolor, Pear! Banks, Ceylon.
Southwell.




02 TETRARHYNCHID §.

The parasites have a length of 15 em,, and the greatest
breadth is 900 . The neck measures 4 mm. The first
segments have a length of over 100 p and they rapidly
elongate: the posterior one is I'8 mm. It was impossible to
count the number of segments exactly, but there were about
14, Rudiments of the i'er_\' numerous testes could be clearly
seen in the last four segments, The genital pore is situated
in the posterior lateral half of the segment. The four
excretory vessels were prominent.

Head. The head measures 4 mni. in length. Its brea(.lt.h
across the saes iy 770, across the bothridia 900, whilst

between the sacs and the bothridia the breadth is 680 j2.  The
proboseis sacs measure 1:08 mm, in length and the breadth of

each sac is 200 . They are are thus, roughly, one-fourth the
length of the head.

There are four bothridia, each having a length of 630 . and
an approximate breadth of 360 . Rows of cilia 13y in length
run parallel to, and at a distance of 18 u from, the margin of
each bothridium.

Within the head the proboseis tubes are much coiled, and the
free portions of the proboscides are short. The hooks are
spirally arranged, and are generally large and gross. Their
arrangement on the two surfaces of the proboseides iz shown
m fig. 20, The largest hooks measured 30 and the smallest

=

about 3 u in length.

(6) Tetrarhynchus matheri Southwell, 1920, (Figs. 21 & 22))

From  Ginglymostoma  concolor, Pearl Banks, Ceylon:
Southwell.

Unfortunately in every specimen all the hooks had dis-
appeared from the proboscides. The specimens were almost
mature, but not gravid, and a brief account is here given of the
anatomy.

The worms measure up to 1-5 cm. in length and the greatest
breadth is 500 po. They are composed of about forty segments
with perfectly straight marging, the last one measuring 1 mum,
m length and 500 g in breadth. The genital pores are irregu-
larly alternate, and are situated in the posterior fifth of each
;legmcm.. The neck is very short, measuring only 160 p in
ength.

Head. The head measures about 24 mm. in length. The
breadth across the hothridia varies according  to  their
State of contraction, but the average is about 750 p. The
breadth of the head in the vicinity of the bulbs is 440 p,
whilst between the bulbs and the bothridia it is 250 p.
There appear to be four bothridia, having a length of 240
and a breadth of about 600 pe: it is quite possible, however, that

e —

———
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there are only two bothridia, each one being almost completely
divided into two with a space between the two halves,
as*in Tetrarhynchus periderceus. Their margins arve slightly
thickened ; a group of cilia runs paralle] to the margin at a

distance of about 15 . The breadth of the ciliated area is

about 5 p. and the cilia themselves measure only 1 or 2 ju.
The proboscis sacs have a length of 530 and a hreadth of
140 o : there is no collar.
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Fig. 21—Tetrarhynchos mathers, A head, X461 B, margin of bothridinm,
showing cilin, %400 €, matura segment, X 96, (After Soutlwell.)

The nervous, muscular, and exeretory systems were not
investigated, but the two longitudinal excretory vessels on
each side were prominent.,

Testes and Vas deferens. The twentieth segment is almost
square (240 2), but the testes are not to be seen until the segment
beecomes: much longer than broad. They are very nunmerous,
and occupy the entire central field between the excretory
vessels. They extend posteriorly to the ovary on both sides :
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has a diameter of about 40 u. The cirrus pouch and vas
ilatffl;rens were not fully developed. The former extends

7V Ya ;

Fig, 22, Tetrarhynchus matheri, A, lazva, X 55: B, C, D, proboscis hooks,
g, 22, 3 5
X 500 ; ¥, proboscis hooks, X 400. (After Sonthwell.)

nearly to the middle of the segment, and the exeretory vessel
is bent deeply in the vicinity of the pouch.
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Ovary. The ovary is situated a little distance from the
posterior extremity, and the testes overlie the ovary dorsally
and extend posteriorly to it. No details relating to the oviduct,
shell gland, or vitelline glands could be ascertained. The
uterus was not developed.

The species can be identified by its small size, the position
of the genital pore, and by the peculiar appearance of the
bothridia.

Numerous larval forms with the bothridia exactly like
those of 7. matheri were obtained from the mesenteries of
Balistes sp., Pearl Banks, Ceylon. Southwell.

The eysts vary in size ; they arve eylindrical in shape with
rounded extremities, and milky white in appearance. The
Jargest measures 2 cm. by 1-5mm. The larva measures 1-7 mm.
in length and has a maximum breadth of 500 . There are
four bothridia, exactly similar to those figured for the adult
of T'. matheri. The proboscis sacs have a length of from
500 1 to 540 i, and the proboscides are fixed near the middle
of the proboscis sacs. The larva does not bear a blastocyst
posteriorly. Each proboseis is slightly swollen at its base and
bears hooks of different shapes from those found over the rest
of the proboscides, and many of them are stouter. Moreover,
they do not appear to he arranged spirally.

On this basal portion the hooks on one face are straight,
slender, with their points slightly enlarged, and they vary
in gize from 6 to 17 p. Laterally these are flanked with larger
and stouter hooks 30 p in length, some of which are curved and
gradually come to a point, whilst others are stout and have the
same diameter throughout except the tip, which is sharply
bent at an angle of almost 180°. On the other side of the
swollen base of the proboscis there are two longitudinal rows
of stout rose-thorn-shaped hooks with broad bases, with a
rather long hook which measures 43 p.

The hooks on the rest of the proboscis are arranged in such a
manner that a diagnosis of the species 18 comparatively easy.
On one face the larger hooks, which are curved, are arranged
spirally, and there are two or three such hooksin cach spiral.
They each measure 20 e Between these spirals there are
irregular numbers of hooks, all small, and of sizes varying from
about 5 to 11 p arranged irregularly, and reminding one of
similar hooks in Tetrarhynchus erinaceus, These irregularly-
disposed small hooks are a continuation of those situated on
one face of the swollen base of the proboseis,and theychange in
numbers, size, and arrangement along its length. On the other
face they are large, spirally arranged, curved, measuring from
about 20 to 25 u, and similar to the two or three larg(: ones,
also arranged spirally, on the other face of each proboscis,
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(6) Larvar Forus.
(7) Tetrarhynchus pearsoni Southwell, 1929, (Fig. 23.)

From Cybium guitaium, Pearl Banks, Ceylon, and Puri,
Orissa. India. Southwell,

The entire larva consists of a head only, to which no vesicle
18 attached. It measures from 2-8 to 3:2 mm. in length, and its
breadth across the bothridia is 720 u, the breadth across the
remainder of the head being about 500 u. There are four

Fig. 28, —Tetrarhynchus peirsonii. A, lnrva, X 27; B, proboseis
hooks, x 214. (After Sonthwell,)

sucker-like bothridia, each having a diameter of 360 .. The
proboseis sacs are practically half the length of the head.
Within the head the proboscides are much coiled, They are
armed with very distinetive hooks of various shapes and sizes,
arranged spirally.

The upper surface (dorsal ?) of each proboseis bears six large
hooks in each spiral : a single large rose-thorn-shaped hook
I8 situated along the lateral margin. Tt has a length of 86 p
and a broad base measuring 64 ¢, The succeeding hooks in

A A
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each spiral become less and less rose-thorn-shaped and more

. and more sabre-like until, along the opposite margin, they are

very elongated, sabre-like, with small roots, having a length
of 105, Between these elongated hooks in each spiral (i.e.,
along the opposite margin of the proboscides to that bearing
the gross rose-thorn-shaped hooks) there are clusters of regularly
arranged minute delicate hooks varying in size from 6 to
26 v (fig. 23). These minute hooks are continued on the
other side (ventral ?) of each of the proboscides, whilst on the
lateral margin beneath (ventral to ?) the rose-thorn-shaped
hooks there are two or three other large spines.

The head bears a general resemblance to that figured by
Shipley and Hornell as Telrarhynchus rubromaculatus (Diesing),
but the hooks on the proboscides differ. In Shipley and
Hornell’s figures no rose-thorn-shaped spines are indicated,
and the number of small spines shown by these authors are
too few. The hooks resemble strongly those of Tetrarhynchus
erinaceus, but in T. pearsoni there are four cup-shaped pro-
boscides, whilst in 7. erinaceus there are two large flap-like
proboscides.:

SPECIES INQUIREND.E.
(8) Tetrarhynchus balistidis Shipley & Hornell, 1904 (Fig. 24.)

From Balistes stellatus and B. mitis, Pearl Banks, Ceylon.
Shipley and Hornell.

“ Well advanced metacestoid larva, still retaining the body,
12 mm. to 13 mm. in length. Head triangular, enveloped by a
closely wrapping vesicle which leaves the body free. Body
crowded with calcareous corpuscles. Tecth of introvert few,
only four or six in a transverse row, strongly hooked. Introvert
sheaths confined to the head and not entering the body, which
it seems is. after a certain time, thrown off with the vegicle.
Apparently four lappets.  In subperitoneal tissue.” (Shipley &

~ Hornell.)

(4) Tetrarhynchus minimus Linstow, 1904, (Fig. 25.)

From Teniura melanospila, Pearl Banks, Ceylon. Shipley
and Hornell. y

“Length 3-7 mm.; the last proglottis measures 16 mm.
in length and 0-39 mm. in breadth. The body consists of
ahout six proglottides. The scolex or head bears on its
anterior third four roundish projections directed backwards ;
these are the proboscis sheaths from which the proboscides

‘are protruded. The projections bear very minute, closely

packed hooks: from their apices the proboscides protrude,

‘and these bear larger hooks at wider intervals. There is a
regular gradation in the size of the proboscis hooks. The part

VOT. 1. il
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of the proboseis which is retracted is arranged in a wavy fashion,
The reproductive pore is lateral on the posterior third of each
proglottis, but for the most part only immature proglottides®
were present. The ova are thin-shelled, spherical, with a

Vig. 24, - Tetrarhynelus halistidia. ‘\'.c.\'ﬁﬁ.x sbout 10 B, larva, X 12,
(After Shipley and Hornell)

diameter of 0-039 mm. This is the smallest of all species of
Tetrarhynchus.” (Linstow,)

The appearance and position of the bothridia and the
form and disposition of the hooks on the proboscides in
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Linstow’s figure leads the writer to believe that this worm
belongs to the genus Gymnorhynchus, and probably to the
species. gigas.

Fig, 23, —Tetrarhynchus minimus. A, entire worm ; B, head; C, proboacis
hooks. Magnification nulmown. (After Linstow.)

(10) Tetrarhynchus sp. Shipley & Hornell, 1906,  (Fig. 26.)

From Balistes mitis, Pearl Banks, Ceylon. Shipley and
Hornell.

“ Like 7. balistidis, and consists of a head which has not yet

begun to bud off proglottides. The anterior part of the head

* bearing the lappets is just about as long as the part bearing

* the proboscis sacs, whilst the median portion traversed by the

proboscis sheaths is two or three times as long as either. The

proboscis teeth are graded in each row from longé NAITOW,
H 2
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Genus 11. TENTACULARIA Bosc, 1797,

Small to medium-sized worms ; head with two bothridia
lying parallel to the body and having the sucking surfaces
facing externally, each of which may be simply emarginate
or partly divided longitudinally inté two.

Type-species :—Lentacularia coryphaene Bose, 1802,

As the principal differences between the 16 adult species
dealt with below have reference to the size and shape of the
hooks on the proboscides, it is not possible to provide a key.

(@) Apvnr FORMS.

(1) Tentacularia minuta (van Beneden, 1849). (Fig. 27.)
Synonym :— Letrarkyncius minutus yan Ben., 1819.

From Carcharias sp. and Rhina halavi, Negapatam, India ;
and from Carcharias sp., Pearl Banks, Ceylon. Pearson.

This is the first report of this parasite in Ceylon. 1t has
been recorded previously from Squating angelicus and Urolophus
testaceus in Europe.

The worm measures about 4 mm. in length and the
greatest breadth (in a gravid segment) is 330 p: it is com-
posed of from three to six segments, usually three or four, the
last being longer than the rest of the worm and measuring
2:25 mm, in length and 270 p in breadth. The genital pore
is situated in the posterior quarter of the segment. There is
no neck. .

Head. The head has a length of 1:2 mm, ; its breadth across
the bothridia is 400 2, whilst in the vicinity of the proboscis
sacs the breadth is 220 . There are two sucker-like bothridia,
cach having a diameter of 140 .

The proboscis sacs are & little more than half the length of
the entire head. They vary slightly in size and, when the
- head is contracted, they occasionally extend anteriorly almost
to the bothridia. They have a length of 630 ¢ and a breadth
of 65 ;. The proboscides are much coiled within the head,
and their free portions are quite as long as the head. :

The arrangement and form of the hooks on the prohoseides
is shown in fig. 27,

The base of each of the proboscides is swollen and armed
with peculiar hooks. This arrangement of the hooks is slightly
different from that figured by Scott (1907) for this species.
This is possibly due to the fact that Scott, owing to the low
magnification used by him, confuged the hooks on the dorsal
surface with those on the ventral surface.

The nervous, muscular, and excretory systems were not,
investigated.
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D

Fig. 97— Tentaculario minwla, A, entive worm, X 26; B, larva, X 200 ;
C, D, hooks from middle of proboseis, X 750; F, basal hooks,
X 750, (After Southwell,)
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Testes and Vas deferens. The testes are very numerous and

s fill the entire field anterior to the ovary. The cirrus pouch and

vas deferens could not be seen in whole mounts on account

of the fact that they were hidden, as was the vagina, by the
testes and the vitelline glands.

Ovary. This is situated posteriorly, each lobe being elongated
and apposed to the wall of the segment.

Vitelline Glands. These encircle the segment, but are
developed most fully along the lateral margins.

Uterus. This is a simple wide sac entirely filling the segment.

As the species bears two bothridia only, it is referred to the
genus Tentacularia.

In 1904 Linstow described a new species (Tetrarhynchus
minimus) from the spiral valve of T @niura melanospila caught
in Ceylon. Whilst agreeing in dimensions with 7. minutus
(van Beneden, 1849), it differs from it in the following points :—
in having four bothridia, in the shape of the hooks, and in the
relative length of the bothridia.

The head shown by Linstow in his fig. 70 suggests that his
species belongs to the genus Gymnobothrium.

(2) Tentacularia longispina (Linton, 1890). (Ifig. 28.)
Synonym :— Rhynchobothriuon longispine Linton, 1890.

From Dasybatus walga, Pear]l Banks, Ceylon. Southwell

One specimen of what the writer believes to be this species
was obtained from the above host.

The worm, which is composed of about seven segments,
measures 6 mm. in length, and the maximum breadth is 290 p.
The last segment measures 2-5 mm. in length and 290 p in
breadth.

The head measures 1-3 mm. in length ; its breadth across
the bothridia is 400, across the proboscis sacs 300, and
between the bothridia and the sacs 280 u. There are two
simple small bothridia having a length of 200 .

Only the terminal portions of the proboscis were protruded,
and the hooks resembled those figured for this species by
Linton in gize and appearance.

(3) Tentacularia macrocephala (Shipley & Hornell, 1906).
(Figs. 29 & 30.)
Synonyms :— Tetrarhynchus macrocepholus - Shipley & Hornell,
1906.
Tetrarhynchus ruficollis Shipley & Hornell, 1906 (not
Eysenh., 1329).

From (1) Dasybatus walge, Pearl Banks, Ceylon. Shipley and
Hornell. (2) Rhynchobatus djiddensis, Dasybatus kubli, and
D. walga, Pearl Banks, Ceylon. Southwell.
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Shipley and Hornell described this worm as follows =
At least six different species of Tetrarhynchus are found in
the intestine of Trygon walga. This species is a short, stout,

=

il
) \
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L

Fig. 28,—Tentacularia longisping, A, head nnd neck, X 40;
B. C, proboscis hooks, x 320, (After Sonthwell.)

thick-set form, with large bothridia or lappets which, however,
when the proboscides are extended are far less conspicuous
than when they are retracted,
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J YR SO e 17; B, C, proboge;

Fig, 20, Tenlocwiaria macrocephala, A, head, X 3 s D

¢ hooks, X 175 ; 1, proboseis hooks, X 150: Fi nearly graoi
segment. X 19, (After Southwell)
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* The total body length averages 7 mm. or 8 mui., and the
body is stiff and straight. The relative length of the different
parts of the body in one specimen whose total length was
8 mm. was 3 mm. for the part of the head traversed by the
coiling ducts of the. proboscis sheath, 3 mm. for the part of
the head which contains the muscular proboscis sheath, and
2 mm. for the rest of the body. The second portion, that which
contains the muscular shufth, is the thickest, and its walls
are smooth ; the anterior half of the head is wrinkled.

" The four proboscides were in some specimens extended,
but not fully ; they attained a length of some 2 mm. Each
bears a longitudinal double row of minute, almost straight
spines, diverging from one another, the whole producing
the effect of a stiteh known, I believe, to housewives as * herring-
boning." This lies the whole length of the proboscis. There
are also very numerous sharply hooked spines which lie in
transverse rows of some hundred or more in number. Each
of these rows consists of some ten or twelve hooks, grading in
size from the largest, which is just opposite the °herring-
boning.’ to the smallest, which flank the * herring-boning.’

" When the whole is retracted it passes first into the very
coiled ducts of the muscular sheaths, which are very apparent
in the specimen.

" The strobila is smaller than either half of the head ; the
piece immediately succeeding the-head is anteriorly concave,
and receives into its concavity the convex end of the head.
It goon begins to * segment,” and the proglottides grow rapidly.
They are few in number, and the most posterior, which is
about the tenth or twelfth, is almost as large as all the others
put together. It shows clearly the exit of the water vascular
system. The specimens were probably young ones.”

A more detailed account of the anatomy is now given.

The worms measure up to 5 em. in length, and the maximum
breadth of the strobila is about 650 . It is composed of
about 30 to 35 segments, the last one (gravid) measuring 4 mm.
in length and 650 o in breadth. The genital pores are irregu-
larly alternate and situated in the posterior fourth of the
segments. There is no neck.

Head. The head measures from 7 to 8 mm. in length ; its
breadth across the bothridia is about 13 mm., across the
proboscis sacs 750 p, and between them and the bothridia
600 j. There are two sucker-like bothridia having a diameter
of about 600 u. The proboseis sacs have a length of 2 mm.
and a. breadth of about 270 p.  They are marked by
fine criss-cross lines. The proboscides can be seen running to
the posterior extremity of the saes, and along their course,
within the sacs, they bear numerous coarse granules, each
hnvmg a diameter of about 40 to 60 p. A single granule is
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also usually present at the exit of each of the proboscides from
- it sac. The hooks on the proboscides are of various shapes
and sizes, but most of them are large and gross. First, on each
of the probosecides there is a conspicuous herring-hone pattern,

Fig. 30— Tentaculoria macrocephala. A, entire worm, X 6; B, head, X 12
C, proboscis hooks. Magnifieation unknown. (After Shipley and
Hornell,)

or marking, running the whole length of the proboscides. and
this pattern is not composed of hooks, but of markings on the

* surface of the proboscides : the largest measure over 70 and
the smallest 2 or 3 p.
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The nervous, muscular, and exeretory systems were not
investigated,

Testes and Vas deferens. There are about 60 testes and they
fill the entire segment, extending posteriorly, on both sides, to
the ovary. Each testis has a diameter of about 80 . The
cirrus pouch extends to the longitudinal axis, and the cirrus
is unarmed.

Ovary and Vagina. The ovary is bilobed and posterior,
each lobe being apposed to the wall of the segment, and con-
sisting of 15 or 16 large acini. The vagina is short.

Vitelline. Glands. The vitelline glands encircle the entire
segment, but the lateral acini are most strongly developed.

Uterus. The uterus is a simple bag entirely filling the seg-
ment. The uterine eggs measure about 50 5 they are globular,
and are devoid of filaments.

Pintner, who examined the type-species, states that 7%
macrocephala Shipley & Hornell is the same as the mature
worm, measuring 4 to 5 cm., identified by Shipley and
Hornell as 7. ruficollis (Eysenhardt, 1820), and he further
states that the worm identified by Shipley and Hornell as
T. ruficollis (Eysen.) is quite a different species from that
described by Eysenhards.

The species is easy to identify on account of (1) the very
large head, bearing two small bothridia; (2) the presence
on one side of each of the proboscides of a * coat of mail or
armoured chain " or herring-bone pattern; (3) the coarse
granules scattered irregularly on the proboscides within the
proboseis sacs.

Shipley and Hornell described their 7. ruficollis™ as
follows :—" Several specimens of this worm were taken from
the intestine of Trygon walge. They measure 40 mm. to 50 mm.
and had the characteristic criss-crossing of the proboscis
sheaths. The teeth are not quite so regular as in van Beneden’s
specimens, and he does not fignre any of the posterior pro-
glottides: these are eylindrical and smooth, the same diameter
thronghout, and eight to ten times as long as they are broad.
They are so cylindrieal that it is impossible to say whether the
genital pore is on the edge or median. There are besides
the larger teeth arranged in more or less oblique rows,
two longitudinal chains of very minute tubercles, Van
Beneden’s specimens came from Mustelus vulgaris Mill, &
g(-lxlu, ours came from the intestine of Trygon walga Miill. &

enle.”

Pintner (1913) considers that 7. ruficollis Shipley & Hornell,
1906 (not Eysenh., 1829), is synonymous with 7. macrocephala
(Shipley & Hornell, 1906), ~ On account of the peculiar
arrangement of the hooks on the proboscis in the latter species
Pintner places the worm in his new genus Halysiorhynchus,
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calling the type-species H. shipleyanus (=1 macrocephala
Shipley & Hornell, 1906).

The identity of the parasite named 7', ruficollis by Shipley
and Hornell is doubtful.

(4) Tentacularia macropora (Shipley & Hornell, 1006). (Figs.
31 & 32.)
Synonyms :— Letrarhynclus macroporus Shipley & Hornell, 1906,
Tetrarhynehus anpandales Hornell, 1912,

From (1) Dasybatus uarnal, Pearl Banks, Ceylon. Shipley
and Hornell. (2) Stegosfoma iigrinum, Bay of Bengal. Hornell.
(3) Galeocerdo arcticus. S. tigrinum, and Dasybatus sp., Pearl
Banks, Ceylon, Pearson.

Shipley and Hornell described this parasite as follows :—
“These are fair-sized Tetrarhynchids, averaging about
25 mm. in length and | mm. in breadth.

“The lateral lappets are small, each divided into two, each
half corresponding with one of the four hooked proboscides.
The head is 6 mm. long and swells out a little behind where the
muscular sheaths of the proboscides lie, When alive, there
is a patch of pink anterior to these sheaths. Each proboseis
bears on its concave sicdle, when unrolled, & number of strongly
recurved teeth which gradually pass into a much straighter,
sabre-like tooth on the convex side, The recurved teeth have
a marked anterior process, something like a sword-guard where
the tooth passes into the haft, which is embedded in the
tissue, This is absent in the more sabre-like teeth, The
teeth are in rings which are obliquely placed.

“ There i8 practically no neck and the number of the pro-
glottides is small, some 30 to 35. Until the last three or four,
the sides of the proglottides are parallel, straight at their
ends, and with no sign of overlapping. The whole hody is
marked by a curious longitudinal striation, which is due to the
presence of minute pigment spots and to the fact that these
little brownish particles are arranged along certain longitudinal
lines ; also these pigment spots scem broken up into other
areas, which give a mottled appearance to the skin.

“The last four or five proglottides are remarkable for the
enormous development of the genital pore, which sometimes
oceupies one-quarter to one-third of the length of the pro-
glottis. From this gaping cavity a minute penis protrudes,
These same four or five proglottides lose their uniform shape
and become very irregular in outline. The pores are in all
cases lateral and irregularly alternate.”

As the anatomy of this species has not hitherto been

* described, the writer gives the following account :—
The worm measures up to 6 em. in length and the greatest
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breadth is 1-1 mm. There are over 50 segments, the last
one measuring 45 mm. in length and 1-1 mm. in breadth.
The genital pores are irregularly alternate, and arve situated
in the posterior half of the proglottid. In the fully mature
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Fig. 31.— Tentacularia macropora. A, head. X 7: B, 0, D, proboscis
hooks, X 160, (After Southwell)

segment the pore is enormous, and measures 700 p in length §
this is a very striking character. There is a short neck
measuring 1:8 mm, in length. Details of the nervous and
excretory systems were not investigated.
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Head. The head measures 9-4 mm. in length and 1 mm. in
breadth ; in the vicinity of the bothridia the breadth is 2 mm.
The proboscis sacs measure 5 mm. in length and 400 g in
breadth. There are two very large hothridia, each having a
length of 2:2 mm. Posteriorly they are slightly indented.
The hooks on the proboscides aré not arranged in a definite
spiral, and they do not extend far backwards on the proboscides.

The muscular system consists of a large number of small
seattered fibres situated externally to the vitelline glands.

Fig. 32— Tenfacularia macropora; B, mature segment, X 18 F, transverse
aoction through bead, X 565 G. transverse seotion of mature
segment, % 56; H, transverse goction of nearly mature seg-
ment, X 56. (After Southwell.)

Testes. The testes are numerous and, when fully developed,
each has a diameter of about 70 u. They are all situated
anteriorly to the cirrus pouch. When fully mature t.he_\" are
entirely obscured by the dense vitelline g}nnds which encircle
the segment, excep(nt the anterior extremity of the segment.

Vas deferens. The ecirrus pouch is an extremely .large and
conspicuous structure extending beyond the median longi-

* tudinal axis of the segment and displacing the rudiment of
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the uterus at that point. It measures about 700 pu in length
by 500 4 in breadth. Within the pouch the vas deferens
presents a striking appearance in being coiled and irregularly
dilated, whilst outside the pouch it is equally characteristic in
being coiled and extending posteriorly towards the ovary. No
external seminal vesicle was noted. Marginally, on each side
of the pouch. there is a clear space filled with granular material
(glands ?).

Ovary and Vagina. The ovary is typically bilobed and
prominent. The vagina is short and strongly coiled. Tts
opening to the exterior could not be seen in total mounts as
its terminal portion was obscured by the cirrus pouch.

Vitelline Glands. These appear late, and eventually encircle
the segment entirely, thus obscuring the testes: they are
strongly developed and prominent,

Shell Gland. This lies posteriorly to the ovary, and is eqnal
in size to one wing of the ovary.

Uterus. The rudiment of this organ extends in the median
antero-posterior longitudinal axis. It is bent aporally in the
vicinity of the cirrus pouch because the latter organ extends
bevond the median longitudinal axis. No eggs were seen.

The head of 7. macropora (Shipley & Hornell, 1906)
resembles that of 7'. ruficollis Eysenhardt, 1829 (=1, longi-
collis van Beneden, 1849), very strongly. Amongst other points
the former species differs from the latter in the possession

of an enormous genital pore and cirrus pouch. Tt should be.

noted that the appearance of the genital pore varies with the
degree of development and with the state of contraction of
the segment. J

Hornell’s description of 7. annandalei was as follows :—-
“ Length 3-6 cm. Head eylindrical and fairly long, about
8 mm. Bothridia two, lateral, longer than broad, slightly

emarginate on the posterior edge, and with a raised and

thickened margin. Proboscides four, long, and strongly
armed with curved hooks, the majority long and sabre-shaped,
fairly stout ;: a small number of very minute recurved forms
with elongated base present.

“The proboseis sheaths long and arranged in closely-set
spirals ; this region of the head, including with it the part
overlaid by the bothridia, is about equal in length to the
posterior section containing the contractile sacs. The latter
region is characteristically of great relative elongation, and is
slightly wider than the anterior head region. The sacs are
eylindrical. with the oblique decussation of the muscle fibres
well marked. Neck short, one and a half times as long as
wide ; greatest breadth seen in this worm oceurs in the anterior
part, which increases in width abruptly immediately behingd
the contractile sacs. Neck wrinkled slightly transversely,

R —



TENTACULARIA, 113

“ Proglottides about 25. Anteriorly they are wider than
. long, but soon become square and then rapidly elongate, and
in the maturing ones the length is twice the breadth. The
lateral margins parallel, and none of the proglottides overlap.
C&lt-icle sometimes faintly ringed, but this may be a post mortem
effect.

“ Last five or six proglottides remarkable for enormous
development and prominence of the genital pore. This is
lateral, and situated at beginning of posterior third of the
marginal length of each proglottis, Position of the pores
are alternate in consecutive groups, usually in alternate series
3, €. g., richt 1. left 3, right 3.

Hornell pointed out that his species differed from
T. macroporus in that the bothridia are simple and entire
in the former, whereas in the latter species each is divided
into halves. Shipley and Hornell, however, state that in
T. macroporus each bothridium is divided into two. In our
specimens of this species, whilst the majority of the bothridia
are simple, as fizured by Hornell, in a few they are contracted
in such a way that, superficially, each bothridium appears to
be, but is not, divided.

Southwell (1924) identified a tetrarhynchid from Dasybatus
sp. as Rhynchobothrius erinaceus (van Ben., 1858), and gave
R. imparispine Linton, 1890, R. simile Linton, 1909, 7. gan-
geticus Shipley & Hornell, 1912, and 7. annandalei Hornell, 1912,
as synonyms of 7. erinaceus. Further investigation, and the
examination of a much greater amount of material, has shown
conclusively that the writer was in error on this point. The
specimens named R. erinaceus (van Beneden, 1858) proved to
be specimens of 7'. macroporus Shipley & Hornell, 1906 (=17
annandalei Hornell, 1012), the latter differing from the former
in the shape of the hooks and in the size of the cirrus pouch.

R. imparispine Linton, 1890, R. simile Linton, 1909, and
T. gangeticus Shipley & Hornell, 1906, are closely related
to but distinet from both 7. erinaceus van Beneden, 1858,
and 7. macroporus Shipley & Hornell, 1906.

(5) Tentacularia ®tobatidis (Shipley & Hornell, 1806). (Fig. 33.)
Synonym :—Tetrarkynchus etohatidis Shipley & Hornell, 1906,

From Stoasodon marinari, Pearl Banks, Ceylon. Shipley

and Hornell.

“ This species, of which we had but two specimens, measures
12 mm. in length. The head is squarish, with two well-marked
suckerson each side, and the proboscides emerging at the four
angles of the anterior surface. These proboscides are perhaps
a Jittle stonter and thicker than usual. They bear the hooks

YOI. T. L
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in oblique rows. The hooks at the anterior end of the extended
proboscides are strongly curved backwards and have a very
characteristic haft. There is a prominent projection anteriorly,
just where the hook is inserted into the skin. Posteriorly
the hooks become more sabre-like.

“ One characteristic feature of this species is the swelling
which takes place at the posterior half of the head, caused
by the presence of the stout, muscular bulbs of the proboseis.
Just before the junction of the proboscis tubes with the
proboscis bulbs are two aggregations of red pigment spots.
This region is at least twice the diameter of the succeeding
body. There is a short neck. or at least a region where
no divisions are visible. The number of the proglottides in
our two specimens hardly surpassed thirty-five, but the
posterior ones were not mature. The proglottides are barrel-
shaped. The reproductive pores are irregularly alternate,
bt as a rule there are not more than two consecutively

on the same side. The euticle is roughly ringed.” (Shipley &

Harnell.)
They figure this species as possessing two bothridia,

(6) Tentacularia rhynchobatidis (Shipley & Hornell, 1906).
(g, 34.) .
Synonym : — 7 etrarkynclius rlagmehobatidis Shipley & Hormell, 100€,

I'rom Rhynchobatus djiddensis, Pearl Banks, Ceylon. Shipley
and Hornell.

“The largest specimen of this Tetrarhynchus attained &
length of 5 em.; but, since some loose proglottides measured
4 mm, each, probably the full length is greater and its posterior
end a width of | mm, The length of the head is 4 mm. The
lappets are short and widely scparated: anteriorly they
oceupy 1 mm., and the remaining 4 mm. are divided equally
between the part of the head which contains the proboscis
tubes and the part which contains the proboscis bulbs. The
part: of the head which bears the lappets is 1:2 mm. broad,
but behind this the head tapers. The colour of the living
specimens is an opague milk-white, . L

“The hooks in the proboscides are arranged in longitudinal
rows and also in rings. The latter are almost horizontal,
there being only a very slight trace of obliquity as they sur-
round the stem. One peculiarity, which we have not noticed
in other species, is that on each proboscis there is a longitudinal
row of hooks whose points are reversed and look towards the
tip of the proboscis and not to the base, as do all the others.
Some of them are not nearly 8o hooked as others that pass

into sabre-like forms, 3
I

-
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“ Another peculiarity is that the outer muscles of the
proboscis bulb are very oblique, very clear, and cross one
another at right angles, giving a * Malvolio, cross-gartered
appearance to these structures, ;

“There is a short neck and then a number of proglottides,
five or six times as broad as long, separated one from another
by perfectly straight lines, and with at first parallel straight
sides. They soon, however, begin to lcugthex_l. and at tl.le
end of the first quarter they are square. The sides also begin
to bow outwards, but the ends are always fiat, and there is
absolutely no overlapping.

Fig, 34.—Tentacularia rhynchobatidis. A, entire worm, X 4: B, head,
X about 18; €, proboscis hooks, X 100. (After Shipley and
Hornell.)

“The reproductive pores are lateral, and at the junction
of the anterior two-thirds with the posterior third. Their
circular lips are prominent and everted. The pores are
irregularly alternate ; for instance. starting at the last of one
specimen, they run as follows :—1 right. 3 left, 2 right, 1 left,
1 right, 2 left, and so on.” (Shipley & Hornell.)

It is possible that this parasite may be recognizable on
account of the longitudinal row of reversed hooks on each of
the four proboscides. The worm described by the writer
under this name in 1924 has since proved to be a new species
which has been named R. joknstonei. Shipley and Hornell’s
figure of the species shows the head bearing two hothridia,
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¢ Tentacularia rhynchobatidis (Shipley & Hornell, 1906).

From Balistes mitis, Pearl Banks, Ceylon. Pearson.

The cyst has the form and appearance of that containing
Otobothrium dipsacum, but it differs from it in the following
points (—

(@) The colour is light brown and the outer cyst wall is
stout. but very friable, with a mosaic of rounded light
brown markings.

() The larvie are attached to the side of the eyst near the
middle.

The larval head is very large, measuring 5 mm. in length,
and the two bothridia each measure 1:5 mm. A line of cilia
runs parallel to their margins, but disappears anteriorly.
The writer has not seen the adult worm. .In the larval form
the proboscides were not protruded; the characteristic
feature of this species is the fact that on each proboscis there
is a longitudinal row of hooks whose points are reversed
and look towards the tip, and this could be seen even in the
invaginated proboscides.

(7) Tentacularia gangetica (Shipley & Hornell, 1906). (Fig. 35.)
Synonym :— Letrarhynchus gangeticus Shipley & Hornell, 1900,

From Carcharias gangeticus, Pearl Banks, Ceylon. Shipley
and Hornell.

Worms 10 mm, in length, 2 mm. in breadth, and the head
is 3 mm. at least in width. It * has a smooth white head,
two very clearly defined and large lappets, somewhat heart-
shaped, the apex pointing forward and the four proboscides
issuing near the two apices, two on each side. The pro-
boseides are stout and bear teeth of many sizes. On the con-
cave side of the extruded proboscis are large, strongly recurved
teeth ; these are flanked by teeth of lesser size, and they
gradually diminish until upon the convex side there are a
multitude of fine toothlets; although it is rather masked,
these teeth are really arranged in very obliquely placed rings.

“The edges of the lappets arc outstanding and sharply
separated from the head, and they have clear-cut edges.

“The proboscis-tubes leading to the proboscis-bulbs are
not spirally twisted so much as bent in and out. The head
narrows posteriorly ; anteriorly it is 2mm. in width, and the
whole is 3 mm. in length.

““ There is no neck; the proglottides appear immediately
after the head. As there were but three specimens, one oniy
was mounted, and this shows only just the anterior five or so
proglottides.” (Shipley & Hornell.)
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Pintner (1913) places this species along with 7', herdmani
Shipley & Hornell, 1906, 7. perideraus Shipley & Hornell,
1906, 7. lingualis (Cuvier, 1817), 7. bisulcatus Linton, 1889,
T'. robustus Linton, 1890, T. tenuiz Linton, 1890, and also
T. macrobothrivs Rud., 1819, in his genus Stenobothrium.

Fig, 35.— Tenmcult_:'ria gangeticn, A, head, X 20; B, proboscis hooks,
magnification anknown, (After Shipley and Hornell.)

T. gangeticus is, however, very different from the species
named above, especially in the absence of a collar and in the
hooks being of different shapes and sizes.

Linton (1924) has recorded the larval form from the museles
of Sciana hololepidota, Mossel Bay, South Africa.
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“Found in the intestine of a Carcharias melanopterus taken
m Dutch Bay on January 5th, 1905. The length usually
9 mm. The anterior end of the body is extremely thin and
whip-like ; the body, however, thickens posteriorly until
the two last proglottides are 0-5 mm. in thickness. These
proglottides are very long, 15 mm. and 2 mm. respectively.

* The head is minute, and in stained specimens takes little
stain. The two lappets are smooth at their edges, not wrinkled,
and with no indentation or sign of division into two. The
proboscides are very fine, and bear a number of spines, not
hooks. These spines are thicker at the base than at their free
end ; they all point backwards. They are very minute, and
seem to be arranged in slightly oblique rings. The proboscis-
tubes are very closely coiled, and end in four muscular bulbs
which hardly occupy one-fifth of the total head-length. The
whole head seems to be dusted through with granules.

“There is no neck. The narrow, band-like proglottides
appear immediately behind the head, and they, and even the
hinder proglottides, are scparated by quite clear transparent
divisions. There are only some eighteen or nineteen pro-
glottides, and we were unable to make out the anatomy of
these, as it seemed the material was not very well preserved.”
(Shipley d&: Hornell.) :

Pintner (1913) is of opinion that this species belongs to
the genus Otobothrium Linton, 1800, and further, that it is
possibly synonymous with the type-species of that genus,
viz. 0. crenacolle Linton, 1890.

() Tentacularia leucomelana (Shiplex & Hornell, 1906).
(Fig, 37.)
Synonyms:—= Telrayiynchus lonyicollis van LDen | 1850,
Tetrarhynchus lewcomelanus Shipley & Hornell, 1906,

From (1) Dasybatus scphen, Pearl Banks, Ceylon. Shipley
and Hornell. (2) Rhynchobatus djiddensis and  Dasybatus
kuhli, Pearl Banks, Ceylon, Southwell.

Shipley and Hornell gave the following account of this
gpecies :—" 5 em. to 8 em. long, with posteriorly thick, stout
proglottides, 3 mm. broad. Anterior half or two-thirds of
the preserved body white, the remainder slaty black, deepening
into a dense black, When alive, milky white, with a pink
patch behind the proboscis sheath. Head with shallow
lappets well defined.  Proboscides with an enormous number
of very minute teeth, all of uniform size and shape, arranged
in rings and longitudinal rows. The proboseis sacs are ver
long, occupying seven-tenths of the length of the head. There
is a short neck ; the posterior edge of each proglottis is salient,
Generative pores irregularly alternate.”
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Fig. 37 —Tentacularia loucomelana. A, head, X 24; B, proboscis hook
X 232 ; O, mature segment, X 75, (After Scuthwell.)
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In all the specimens except one the strobila had broken
off close to the head, so that only a few immature segments
were seen. The head is characteristic and can be identified
by the following points:—(1) It measures about 7 mm. in
length. (2) The proboscis sacs are usually half, but some-
times seven-tenths the length of the head. (3) There are
two comparatively small bothridia, measuring only 360 x in
length. (4) The free portions of the proboscides are very
long indeed, and are armed with innumerable minute. delicate,
slightly curved, sickle-shaped hooks all alike, but varying in
length from about 8 to 15 w and arranged spirally. Segmen-
tation begins immediately behind the head ; the genital pores
are irregularly alternate, and are situated in the posterior
third of the segment. The worm is composed of about forty
segments, the last one measuring 1-8 mm. in length and 400
in breadth.

Testes and Vas deferens. The testes are numerous and
confined to the central field ; they extend on both sides to the
ovary and are of an oval shape, with their axes at right angles
to the length of the segment. The cirrus pouch is large and
extends over half the breadth of the segment. As usual, the
cirrus lies coiled within the pouch : it was not determined
whether it was armed.

Ovary and Vagina. The ovary is U-shaped, composed of a
number of lobes, and is situated at the extreme posterior
extremity. The course of the vagina could not be followed
as only one strobila was mature and could not be sectioned,
but in one segment it opened ventrally and slightly posteriorly
to the cirrus pouch.

Vitelline Glands. The vitelline glands encircle the segment,
and in whole mounts obscure the anatomy.

Uterus. The uterus was rudimentary and consisted of a
central stem. No eggs were seen.

This species is very closely related to, if not identical with,
Tetrarhynchus longicollis van Ben., 1850.

(10) Tentacularia binunca (Linton, 1809). (Fig, 38.)
Synonym :—Rhynehobothrium bimenerwm Linton, 1909,

From Duasybatus sp. (walga ?), Pearl Banks, Ceylon.
Southwell.

The species is distinguished by the peculiarly shaped hooks
on the proboscides, by the worm being composed of about
seven segments,—the last being almost as large as the remainder
of the worm,—and by the pore being situated in the posterior
third of the segment.
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Fig. 88.— Tenfacularia binunca. Head and prohoseia hooks, magnification
unknown. (After Linton.)
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(11) Tentacularia spinulifera(Southwell, 1911). (Figs.39 & 40.)

Synouyms :— Tetravhynchus spinuliferus Southwell, 1911,
Rlgnelobothriwm laciniatwm Yoshida, 1917,
From Rhynchobatus djiddensis, Pearl Banks, Ceylon.

Southwell.
The worm measures up to 5-5 ¢m. in length, and the greatest

breadth is 1 mm, It is composed of a large number of seg-
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Fig. 39.— Tentacularia spinul{fera, A, entire worm, X 6: B, hend; X 50 ;
C. probuscis hooks, magnifiention nuknown, (After Southwell.)

ments, the last measuring about 13 mm. in length. The
posterior margins of the segments are produced into long
digitate flaps with pointed extremities; these lacinie are
small in the neck region and short and blunt in gravid segments,
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The pores are situated laterally at the junction of the anterior

s two-thirds and posterior third of the segment. Uterine pores
are present on the ventral surface ; the segments do not leave
the chain until the uterus is fully mature. The neck is short,
measuring only about 250 .

Head. The head is very small, measuring 1 mm. in length ;
its breadth at the bulbs is 120 and in the vicinity of the
sheaths 76 & ; the two bothridia measure 126 in length and
90 o in breadth; the proboscis sheaths form long, dense,
spiral coils, and the proboscis sacs measure 280 in length
and 27 p in breadth, Unfortunately the proboscides were
not protruded, and consequently details relating to the spines
cannot be given. The entire head is covered with very minute
spines.

Fig. A0.— Tentucularia spinulifera. Transverse section of mature
segmoent, X 185. (After Southwell.)

Muscular System. The parenchyma is not divided into

_ cortical and medullary parts. The longitudinal muscles

consist of a number of small bundles in a single layer situated

immediately beneath the cuticle. Transverse and dorso-
ventral fibres were not seen.

Excretory System. The excretory vessels are both very
small, but the ventral one is larger than the dorsal and is
situated immediately beneath it.

Nervous System. A rather large longitudinal nerve runs
along each margin of the strobila laterally to the excretory
vessels.

Testes. The number of testes could not be counted, as
the worms were not well preserved.

Vas deferens. The ecirrus pouch is large, extending to the
median longitudinal axis of the segment. The cirrus is dilated



126 TETRARHYNCHID ¥,

near the pore, and a number of coils of the vas deferens lie
within the pouch. Outside the pouch the vas deferens forms
a small coiled mass near the median extremity of the pouch.

Ovary. This is a bilobed organ situated posteriorly and
composed of a few, large, club-shaped acini. When fully
mature, the acini appear to fuse on each side, giving the ovary
a dumb-bell appearance.

Vagina. Unfortunately dctails relating to this organ
could not be made out.

Vitelline Glands. These encircle the entire segment and are
composed of large acini.

Uterus. This develops early as a tube with very thick
lobulated lateral walls ; it eventually fills the entire segment.
A uterine pore is situated ventrally near the median extremity
of the cirrus pouch : it has a muscular margin,

Eggs. No fully ripe eggs were seen ; of those observed some

were flask-like, with a number of short filaments at one
end, whilst others were somewhat kidney-shaped, with a
number of short filaments at both extremities,

There is no room for doubt that R. laciniatum Yoshida
1917, is identical with 7. spinulifera Southwell, 1911,

(12) Tentacularia rossi (Southwell. 1912). (Lig. 41.)
Synonym :— Rhyncholothriwm rosst Sonthwell, 1912,

From Dasybatus kuhli, D. walge, Rhynchobatus djiddensis,
and Stoasodon narinari, Pearl Banks, Ceylon. Southwell.

The writer, in hig original work on this parasite, was unable
to give its anatomical defails. A full description is now
available.

The worms measure up to 6 cm. in length, and the maximum
breadth is about 2 mm. There is a large number of segments,
which normally have slightly salient margins, but when the
worm is contracted this characteristic is much more pronounced
in the anterior part of the worm. The largest posterior
segment measured 4 hy 2 mm. The genital pores are
irregularly alternate and situated a little posteriorly to
the centre of the lateral margin of the segment. The worm
is very thin and whip-like anteriorty, broadening out rapidly
posteriorly. The neck is short, measuring about 600 .

Head. The head varies in length from 2 to 3-2 mm. It
has a fairly even breadth of 450 g both across the proboscis
spes and anteriorly. The posterior part of the head merges
insensibly into the strobila, the junction between the two
being marked by the fact that the tissue of the strobila is
denser than that of the head. The proboscis sacs are situated
midway bhetween the anterior and posterior extremities of the
head ;* they measure 700 g in length and 100 & in breadth.
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The proboscides are comparatively very short. Within the
head they pursue a slightly wavy course. Their free portion,
o anterior to the head, is also very short ; they are armed with
‘numerous very minute spines 4 or 5 p only in length. There
are two bothridia, almost ecircular in outline, and having a
length of 500 p.

Fig. 41.—Tentacularia vossi. A, hend, X 30: B, probosciz hooks, x 400
C, maturs segment, x 54; D, transyerse section of mature
segmoent, X 40; B, transverse soction of nearly gmvid seg-
ment, X 46, (After Southwell)

Bxeretory System. The ventral excretory vessel on each
side is large and prominent. The dorsal one is extremely
small, and can rarely be seen even in sections, The cirrus
pouch lies ventral to the dorsal vessel. ]

Nervous System. On each side there is a nerve running the
length of the worm and situated externally to the ventral
excretory vessel.
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Muscular System. The cuticle has a thickness of 12 .
Immediately beneath it is a rather large outer layer of dorso-

o

ventral muscles. Internally to the latter is a single layer of -

very large longitudinal fibres, median to which lie a few
delicate circular ones. Oblique fibres can be seen ramifying
!’t't“'een the longitudinal bundles. The vitelline glands lie
mternally to the longitudinal musecles.

r Testes and Vas deferens. The testes are numerous and are
situated laterally, i. e., they are absent from the central field.
On the pore side a number of testes ocour posteriorly to the
cirrus pouch, The cirrus pouch is small, 180 by 145 p,
and occupies one-seventh the breadth of the segment. It
lies internally to the ventral excretory vessel and opens at
the base of a deep pit or genital ginus. The cirrus is coiled

within the pouch and is unarmed. Outside the pouch the

vas deferens is very short. :

Ovary and Vaging. The ovary is bilobed or U-shaped, with
the frec extremities posterior ; it is situated posteriorly and
is granular in appearance. The vagina, just anteriorly to the
ovary, dilates into a receptaculum seminis, and, pursuing
a very coiled course, opens into the genital sinus, ventrally to
the cirrus pouch. Posteriorly to the ovary there is a large
and conspicuous shell gland.

Vitelline Glands. These are confined to the lateral margins s
in cross scction they present a semicircular distribution.
The glands are entirely absent from the mid-dorsal and mid-
ventral areas ; further they lie internally to the longitudinal
muscles.

Uterus. As usual, this arises as a central longitudinal stem.
As it becomes gravid, large lateral branches arise on each

side. Eventually it fills the segment entirely and opens to the
exterior ventrally in the middle of the segment by a definite

primary pore.

Eggs. The uterus was full of eggs tightly packed together,
making measurement diffieult ; they were about 45p in
length and 22 u in breadth, and at one pole they bear two or
three filaments measuring 8 to 10 p.

(13) Tentacularia ilisha (Southwell & Prashad, 1918), (Fig. 42.)
Synonym :—Rhyncholbothrins ilisha Southwell & Praxhad, 1918.

From Carcharias gangeticus, Bengal, India. Southwell and
Prashad. Larval forms from Olupea ilisha, same locality
and collectors.

Bothria two, lateral. entire, rounded, external face hollowed
to form a sucking dise, widely separated posteriorly and
approximated anteriorly. Neck shorter than the head, flat.
Proboscides filiform and armed with four kinds of hooks
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arranged in oblique circles, the larger ones being distributed
principally on the outer surface. Anterior segments shallow

"~ and numerous. Last one much longer than broad.

Total number of segments about 232. Genital apertures

Fig. 42.—Tentacularia ilisha, A, entire worm: B, head; C, cyst from
muscle of hilss ; D, young worm from stomuch of shark. Mag-
nification unknown. (After Southwell and Prashed.)

irregularly alternate and situated about the posterior third
of the proglottid. Length of worm 115 cm. Posterior

segments separating in twos and trhmes.‘
g'II'Ec head is large compared with the size of the worm, and
measures 4-2 mm. in length. The breadth of the anterior

YoL, 1, =
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extremity is 2:6 mm. and of the posterior extremity 1-4 mm,
Length of bothridia 1-8 mm.; of proboscides 2-1 mm.: of
proboseis sacs 1-6 mm,

The bothridia are paired, approximated anteriorly and
widely separated posteriorly. They are round in shape,
having entire margins and sucker-like external surfaces.
The proboscides are four in number ; the armed portion is
very short, with an equal length unarmed and very long tubes
connecting them to the proboscis sacs. The hooks are of four
types arranged in obligue rings, the larger ones being disposed
along the outer margins. As usual, the hooks towards the
base of the proboscides are much smaller than the rest.

The neck is short, measuring only 2-2 mm. It is flattened
and not cylindrical. The anterior proglottides are shallow
and numerous. The posterior ones are much longer than
broad, measuring 5:-1 by 1:3 mm. The male genital organs
appear first, The female organs are to be seen only in
the last few proglottides. Of the male organs, the testes
are first visible about the middle of the worm. The genital
aperture is situated at about the posterior third of the pro-
glottis, and the male aperture is immediately in front of that
of the female,

Nervous System. This consists of a single fine nerve on
each side, external to the water-vascular system.,

Bicretory System. This consists of a single pair of broad
tubes, situated one on each side. They communicate with

each other by a wide transverse vessel situated at the posterior

margin of each segment. In the head they break up into a
series of fine vessels.

Testes. These are numerous, occupying the greater part of
the mature proglottid; they first appear laterally.  From
each is given off a minute tubule ; these unite later to form
the vas deferens.  This is a thick coiled tube originating

a little in front of the ovary and opening directly i"to the

cirrus sae. The vesicula seminalis is a bag-like & “cture
situated close to the junction of the vas (lt‘f(:l'ells wo ¢ the
cirrug sae,  The cirrus is fairly long and lies coiled up in the
Spacious eirrus sac; it is apparently unarmed.

Ovary and Oviduct, The ovary is bilobed. From e.ach_lobe a
very smull oviduet arises, The two oviducts'umtc in the
middle line and receive, at the point of junction, the duct
of the shell gland. This organ lies between the lobes of. the
ovary in the eentre line. The uterus originates anteriorly
from the point of union of the two oviduets: it runs forward
in the middle line as a blind diverticulqm, pru,cuca}lly to th.e
anterior termination of the proglottid, narrowing as it
goes. The vaging also originates close to the mouth of t?le
uterus, and is continued as a narrow coiled tube to near its

ama
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opm}il}g. It then widens to form a barrel-shaped receptaculum
seminis,

Life-history. A partly digested hilsa was found in the
stomach of a shark by Southwell and Prashad, and all stages
in the development of this worm were observed by them. The
cysts were tadpole-shaped, and consisted of a club-like head
and a long tail-like structure which was capable of considerable
movement and appeared to serve the purpose of mooring
the larva in the intestine of the shark during the digestive v
processes.

The head in one specimen measured 48 by 3:6 mm.
The tail tapered to a point and measured 5:2 cm. in length.
On opening out the “ head,” the larva was seen to he a
massive structure occupying the greater part of the head
and lving in a coiled position. The tips of the four proboscides
were just everted and the spines could be clearly seen. Many
young worms were also obtained from the lumen of ‘the
intestine. These had not had time to attach themselves
to the intestine of the host,

(14) Tentacularia johnstonei Southwell, 1929, (Fig. 43.)

From Dasybatus sephen, Pearl Banks, Ceylon. Hornell.

The worms are relatively large and stout, measuring up to
5 em. in length and having a maXimum breadth of 1-5 mm.
They are composed of numerous, rather thick segments, with

slightly salient posterior margins, the last segment measuring

2 mm. in length and 1-4 mm. in breadth ; the genital pores
are irregularly alternate and are situated in the posterior
third of the segment.

Head, The head is very small and somewhat heart-shaped,
the pointed extremity being directed anteriorly. It has a
maximum breadth of 900 and a length of 900 . The two
bothridia are small, having a breadth of 530 and a length of
500 s« ;. their margins are entire and only slightly thickened.

The proboseis sacs are sitnated almost immediately behind

the posterior margins of the bothridia, and they have a length

- of 245 peand a maximum breadth of 110 . The neck measures

about 220 p in length ; anteriorly it is somewhat thickened
and the posterior extremities of the proboseis raes lie in the
thickened portion. The armed portions of the proboscides
and the proboscis sacs are cach about as long as the
bothridia.

Hooks. The hooks on the proboscides are arranged in
spirals. The internal dorsal face of each proboscis bears two
longitudinal rows of rose-thorn-shaped hooks, 10 in length,
arising from a base also 10 p in diameter. Ventrally there

are three or four longitudinal rows of smaller rgse‘thom-
K 2
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shaped hooks, onz or two longitudinal rows of which have

their points directed anteriorly. X
Muscular System. The longitudinal muscular system is

strongly developed and consists dorsally and ventrally of a

single row of oval bundles. Laterally these are much sinaller
and scattered about irregularly.
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ig. 48, —Tentacularia johnstonei, A, hoad, X 46; B, mature sogment,
Ele x 46 O, D, pr'r):‘bonoin hooks, X 660. (After Sonthwell.)

Excretory System. A large internal and a small external
vessel run along each lateral margin of the segment.

Details of the nervous system were not investigated. The
cortical and medullary parenchyma are strongly developed.
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Pestes and Vas deferens. The testes are very numerous, and
4ill the dorsal part of the segment in front of the ovary. In
the early stages of development they are crowded together
in the median field on each side of the antero-posterior
axis. The cirrus pouch is conspicuous, and extends one-third
the distance across the segment; no spines were observed
on the cirrus.  Posteriorly and median to the pouch the vas
deferens forms a number of conspicuous coils,

Ovary. This is, as usual, a bilobed organ situated posteriorly ;
the vagina is a short coiled tube which runs ventrally (2)
to the pouch and opens to o shallow genital atrium.

Vitelline Glands. These completely encirele the segment
and are situated in the cortical parenchyma.

Shell Gland. This is a conspicuous organ lying posteriorly
to the ovary. 5

Uterus, This arises as a closely coiled tube rumning to the
extreme anterior margin of the segment ; eventually it entirely
fills the segment and is distended with eggs, none of which,
however, were mature in the observed specimens.

In a former paper the writer considered this specics as
identical with 7. rhynchobatidis Shipley & Hornell, 1906, and
also with R. curtum Linton, 1909. A re-examination of the
old and of fresh material has proved that the species is
quite distinct, and also that £. curtum Linton, 1909, is distinet,
from 7'. rhynchobatidis Shipley & Hornell, 1906. 7', johustonei
Southwell, 1929, is differentiated from all other tetrarhynchids
except 7'. obesa by the form of the head and the arrangement
of the hooks on the proboscides.

(15) Tentacularia michiz Southwell, 1920, (Fig. 44)

From (1) Rhynchobatus djiddensis and Dasybatus kubli,
Pearl Banks, Ceylon. Southwell. (2) D. sephen, Pear]l Banks,
Ceylon. Pearson.
~ The worms measure 1-:8 em. in length and the maximum
breadth is 800 . They are composed of about twenty
segments. The thirteenth or fourteenth segment is square,
measuring 270 1 the last segment is full of eggs and measures
3 mm. in length and R00p in breadth.  There is no neck.
The genital pores are irregnlarly alternate and are situated in
the posterior third of the worm ; the pores frequently show
tumid Tips. y X

Head. The head measures 4+2 mm. in length ; the proboscis
sacs are 26 mm. in length and 216 g in breadth. !

There are two small, somewhat circular hothridia having a
length of 450 p. The anterior and lateral portions of the
head are armed with minute deciduous spines measuring about
6 pr. The proboscides are extremely long, certainly longer
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than the entire head, and the free portion extending heyond
the head is also very long. They are very densely armed«

e
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Pig. A4.— Tentacularia michiz, A, hend, X 20 : B, proboscis hooks, X 500;
C, mature segmont, % 75 ; D, gravid sogment, x 3. (After
Southwell.}

W‘ith extremely delicate minute hooks, all alike, which measute
ahout 13y, giving the proboscis the appearance of bei
covered with fine fur. 24 being
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The genital organs call for no comment ; in the last segment
“ they have all disappeared except the cirrus pouch.
The vitelline glands encircle the segment at the posterior
extremity only. \

(16) Tentacularia obesa Southwell, 1929, (Fig. 45.)

From Dasybatus sephen, Pearl Banks, Ceylon. Southwell,

The worm measures 1°1 ¢m, in length and has a maximum
breadth of 1 mm. For its length it is very stout and fleshy.
_It 18 composed of about 30 segments, of which roughly 20
mmediately behind the head are very small, and can only
be counted under low-power magnification.

Fig. 45.— Tontacitlarin bbeaa. A, head, X 80 ; B, mature gopment, % 83,
(After Southwell.)

The genital pores are irregularly alternate and are situated
laterally in the anterior sixth of the segment. The last
gravid segment is about | mm. square. ‘ ‘

Head. The head measures 2 mm. in length and 800 p in
breadth. It is extremely conspicuous because it is semi-
transparent, while the rest of the worm is densely opaque,
the junection between the two bc}ng very pronounced. '{'l\em
are two simple bothridia measuring 500w in length and 550 p
in breadth. The proboscis sacs are situated in the posterior
quarter of the head close to the first segment. They measure
540 p in length and 160 g in breadth.  The proboscides were
not protruded, and hence it is impossible to deseribe the
hooks; but they appeared to be all alike, simple, slender,
recurved, and to measure about 12 p.
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Testes and Vas deferens. As only one worm was obtained,
it is impossible to describe the genital organs in detail. The
testes are well developed in the tenth segment, and in the
twentieth they fill the centre of the proglottis, extending
backwards as far as the ovary on both sides.

The cirrus pouch is a cylindrical organ situated in the
anterior sixth of the segment and extending in the median
direction about one-fifth the breadth of the proglottis. No
details relating to the cirrus or vas deferens could be made out.

Ovary. This is small, situated posteriorly, and ffom it the
vagina runs to the pore, in a broad curve, as a very wide
conspicuons duct,

Vitelline Glands. These appear to be limited to the lateral
margins. There is a large shell gland posteriorly to the ovary.

Uterus. This is a wide sac entirely filling the segment.
The shape and the size of the eggs could not be determined.

is species is characterized by the transparent head and
by the short obese strobila. The head bears a general
resemblance to that of 7. Johnstonei Southwell, 1929 it
differs from it, however, in size and in the position of the
genital pore. -

Fig. 46— Tentaeniavio pinnw, Cyet, mugnification unknown.
(After Shiplay and Hornell,)
(b) Larvar Forws.

(17) Tentacnlaria pinna (Shipley & Hornell, 1904). (Fig. 46.)

Synony c—Tetvarhynchus pinne Shipley & Homell 1004,
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Irom Balistes stellatus, B. mitis, and probably Pinna sp..
s Pearl Banks, Ceylon. Hornell.

“ Phe advanced larva. or metacestoid., is enclosed in a large
vesicle, which not only covers the head, but the entire body,
and is much larger than the bedy, 1 mm. to 15 mm. long. The
tecth on the introvert are very numerous and arranged in
oblique lines. Eczch tooth 1s slender, very slightly hooked,

« and is shaped like a Malay kriss. The proboscis sheaths
extend nearly to the posterior end of the scolex. Two lappets.™
(Shipley & Hornell.)

{|%) Tentacularia spiracornuta (Lintou, 1007). (Fig. 47.)
Synonyi i— Rhynchobotlytus spiracernutus Linton, 1407,

Larvea only, from Cargna sp. and Thynnus sp-., Pearl Banks,
Cevlon. Pearson,

The total length of the larva, or head, with its attached
blastocyst is 9 mm, ; the blastocyst measures 3 mm. in length
and the larva (head) 6 mm. The blastocyst has a breadth of
500 to 600 x. The breadth of the head across the bothridia
is 600 p, across the proboscis sacs 470 g, and across the
portion between the saes and the pothridia the breadth is
300 p. There are two simple bothridia having a length of
630 . The proboseis sacs are 900 p, i. ¢., they are between
one-sixth and one-seventh the total length of the head.
The hooks on the proboscides are very densely crowded
together. On one face of the proboscis the hooks are for the
most part long and thin, and vary in length from 30 to 38 .
Along one margin of the same surface, however, they are more
thorn-shaped, stout, and have a length of 30 p.  On the other
surface of the proboscis there are a number of simple eurved
hooks similar to those on the opposite surface of the proboscis,
but measuring only about 20 p. Marginally these grade
into numbers of very =mall hooks which measure 10 p only.

The specimens agree closely with Linton’s description of
this species. He obtained the Jarva from cysts on the viscera
of Epinephalus maculosus and Paranthias furcifer. The length
of the head to the base of the bulbs was 5 mm. The length
of many of the hooks was 24 u. He described the worm as
follows -—* Head usually broader than long, orbicular or
cordate © bothria lateral—that is, coinciding with the lateral
margins of the body—with raised borders ; neck long, slender,
nearly linear, enlarging at base, cometimes appearing to begin
abruptly byan articulation with the head, and usually abruptly
larger than the anterior end of the body ; proboseides much
shorter than neck, with a tendency to coil up into rather close
spirals when everted : sheaths nearly straight, bulbs long.
ovate, retractor muscle attached to posterior end.  The hooks
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are of many different shapes and sizes, but on account of the
similarity of the hooks which make up the several longitudinal *
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Fig, 47,—Tentacularia spiracornuta. A, larva, X 18 B, C. proboscis
hooks, % 500, (After Southwell,) ¢

rows, the general effect is that of uniformity and symmetry.

There is some resemblance in the arrangement of the hooks
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to that of R. speciosum, particularly in the case of one of the
longitudinal rows, where the small hooks of which it is composed
are placed by twos on account of the lengthening of alternate
intervals between the hooks of the row. A characteristic
feature of this species is the distinctness of the longitudinal
rows of hooks. There was no indication of segments.”

The larva also resembles the head of 7. benedeni Vaull,
1899, but is very much larger.

(19) Tentacularia macfiei Soushwell, 1929, (Fig. 45.)

Synonyms :— Rhynchobothrius spp. Ly L, Ay B, & (, Southwell,
1912,

Encysted larval forms only from (L) Chorinemus lysan,
C. toloo, Lutjenus argentimaculatus, L. gibbus, Serranus
undulosus, Balistes mitis, B. stellatus, Balistes sp., Psettodes
erwmei, Pearl Banks, Ceylon. Southwell. (2) Cybium gutta-
twm, Pearl Banks, Ceylon, and C. guttatum, Cossyphus axitlares,
and Trichivrus savala, Ceylon. Pearson.

1t is very probable that one of the larvie figured by Shipley
and Hornell, 1906, from Balistes mitis (viz., pl. ii, fig. 27)
is the same species.

Southwell described the cysts and larve in 1912, stating
that the former measure about 1:2 em. by + mm. and are
milky white in appearance. The larvae were about 7 mm. by
600 . The head bears two bothridia, each one emarginated
posteriorly. The hooks were stated to be all alike, but such
is not the case. It is practically certain that the five larvie
described as Rhynchobothrius spp. L, 111, A, B, & C, and
figured by Southwell (1912, p. 272, pl. ui, figs. 31, 32, 33, 34,
and 35) from Serranus undulosus, Lutjanus gibbus, Psettodes
erumet, and Balistes milis respectively, are identical with
those from COybiwm guttatum. Additional material  from
the latter host has been obtained and examined, and the
writer is now able to add the following details.

The cysts and the larvie vary considerably in size in different
species of fishes and even in one host ; they merely represent
growth stages,

The eysts are semi-transparent, milky white. club-shaped,
or oval with broad ends, measuring about 7 by 4 mm.
The larva is attached by the extremity of its head to one end
of the cyst, and measures up to 5 mm. 1n length.  The
breadth across the proboscis sacs is about S00 p; across
the bothridia it varies, and across the rest of the head
is about 700 . There are two bothridia, each emarginated
posteriorly.  They have a length of about 00 u and a
breadth of about 800 p. A cluster of eilia runs parallel
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to the margin of each bothridium arising on each side of the
posterior indentation and gradually disappearing anteriorly. o
The probosecis sacs have a length of 1-1 mm., i. e, they are
approximately one-quarter the length of the head.

The four proboscides lie much coiled within the head. They
are armed with closely set hooks of different shapes and sizes
as shown in fig. 48. Posteriorly the larva carries a blastocyst
which varies in length from about 1 to & mim.

The appearance and size of the head and the hooks of this
worm bear a somewhat close resemblance to an adult figured
by Linton in 1909 under the name Rhynchobothrium sp.
He obtained a single specimen from Ginglymostoma cirratum.
His deseription is as follows :—** Bothria foliaceous, but with:
margins somewhat thickened ; head much broader than
neck ; neck slender, cvlindrical, enlarging at bulbs ; sheaths
in close spirals; bulbs long-oval, with retractor muscle
attached at about the middle of the length on the median wall §
probosecides long, hooks of different sizes and shapes. The
most marked differences are to be seen in those hooks which
are near the base of the proboscides. On one side there are
some small straightish spines : on the other they are much
larger, long and nearly straight, but with an abrupt curve at
the apex. A single row of these large hooks extends around
to the opposite side a short distance from the base. The
proboscides were not seen fully extended. So far as seen, the
hooks on one side remain small, slender and very sharp-
pointed, but grow larger toward the apex, so that in the
completely everted proboseis the difference between the hooks
of the opposite sides is probably slight. The large hooks
with abruptly recurved ends are confined to the basal region.
Bevond the base the larger hooks become rather broad in
lateral view, and are strongly and uniformly curved, On the
other hand, among the small hooks, some distance from the
base, are hooks which are straightish with abruptly curved
tips. Towards the tip of the proboscis. as may be seen i the
retracted part, a prevailing form is a slender hook curved in
two directions, like a letter S nearly straightened out.

“Transverse strim begin immediately below the neck.
The first distinet segments are shorter than broad, but soon
become as long as broad. They then rapidly and uniformly
lengthen, but remain about the same breadth, The posterior
seoments are nearly ten times as long as broad, and their
anterior ends are abruptly larger than the posterior end of
the preceding segment. None of the segments were mature,
although rudiments of reproductive organs could be made
out. In the next to the last segment the rudiment of the
crrus bulb was a little behind the posterior third, and the
ovary was at the posterior fifth, The anatomy of the posterior
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Fig. 48.—Tentacularia macfiet. A, larva (=Rhynchobothrivs sp. L. Sonth-
woll, 1912y. B, Inrva (= Rhynehobothrins sp. L. Sonthwell,
1912), magnification unknown; C, oyst, » 42; P-““”ﬂ‘ﬁ'ﬁ“m.
X 75; B, F. proboscis hooks, X 214 ; G, probosais hooks, X 500,
(After Southwell.)



142 TETRARNYNCHID.E.

segments, SO far as it could be made out, is much like that of
R. extle.

* Dimensions, in millimetres, of specimen mounted in balsam:
Length 15 : length of head and neck 2-4 ; breadth of head 0-73 ;
bothrium, length 0-48, breadth 0-48: bulbs, length 0-64,
breadth 0-16; twentieth and last segment, length 2:08,
breadth 0:22: proboseis, length, estimated, 3, breadth,
exclusive of hooks, base 0-05, near apex 0:04; length of
longest hooks, base 0-035, at apex of everted part, about
0-6 from base, 0:028. From spiral valve of nurse shark,
Ginglymostoma cirratum. July 6th, one.”

Although this larval form is very common in various bony
fishes on the Ceylon Pearl Banks, the adult has not apparently
been found, and as no adult worm with a head and with
similar hooks has yet been deseribed, the author considers it

to bhe new.

Tentaculaxia sp. (Shipley & Hornell, 1906). (Fig. 49.)

From Balistes mitis, Pear]l Banks, Ceylon. Hornell,

“ A very different form of Tetrarhynchus larva was also
taken. Here there is no enveloping bladder, but the Tetrarhyn-
chid head is attached and protrudes from a vesicle which
shows signs of an excretory pore posteriorly. This larva is
evidently one of Vaullegeard's first division, of which 7.
lingualis is the type. The larva differs from the form we
described under the name of Tetrarhynchus balistidis, inasmuch
as there is the !argc \f(}sic](‘ prescnt. The whole length of the
larva and head is just under a millimetre. The teeth, as
drawn from living specimens, are shown in pl ii, fig. 27 a.
The wall of the vesicle, seen under a high power, seems to
contain a large number of globules, possibly calearcous bodies.™
(Shipley & Hornell.) |

This is probably Tentacularia macfiei, Southwell, 1929

Southwell (1912) described another larval form from Balistes
mitis as follows :—*“ The cysts are long, eylindrical, firm, and
opagque. They measure 14 mm. by 2 mm. Tlxo larva measure
9 mm. by 0:6 mm. The bothridia are circular in outline,
concave, with thickened overhanging rims, and are indented
anteriorly and posteriorly, and each bothridium is divided
into two halves by a shallow ridge running parallel to the
body. They measure one-third the length of the head and
neelk. The proboscis sacs also measure about one-third the
length of the head and neck. The proboscides are spirally
coiled, and do not protrude to the exterior, the pores being
closed. The spines are of various sizes and shapes. Some
have narrow bases, and are long and slender, with the extremity

PG
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bent at right angles. Others are short with & broad base, and
are strongly recurved. The arrangement of the hooks could

o x(lot, lbc ascertained.” This species is almost certainly 7'. macfies
p. 139).

Fig. 49— Totrarhynelus sp.  From Balistes wiifis, X 75.
(After Shipley and Harnell.)

(20) Tentacularia pillersi Southwell, 1920, (Fix 50.)

Larval forms only from (1) Luljanus argentimaculatus,
Drepane punctata, Diagramma sp., Serranus wndulosus, Pearl
Banks, Cevlon. Southwell. (2) Hemal arch of Cossyphus
axtllaris, Adirampatnam, S. India, and Delit Island, Ceylon,
and Serranus sp., Negapatam, S. India.  Pearson. '

. In Cossyphus azillaris cysts containing larval forms ¢
Gymnorhynchus gigas (=Syndesmobothrium filicolle) were foud
amongst the pyloric caeca and also eysts containing Pentaculric
macfiei Southwell, 19029, Large numbers of adult unencsted
trematodes were also found between the pylorie cme and
enormous numbers of immature nematodes, varying in & from
500 w to 2 em.  Very frequently these nematodes weo found
adherent to the cysts containing the larvee of 77, il and in
practically all such ecases the contained cestode live had
degenerated. The cysts were oval in shap: and. rcasured
about 1-2 om. by 8 mm., although many &ualler, wd a few
larger, were found., They occurred in very larze numbers,
and often about fifteen would be clustercd togetk-nike a bunch
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of small grapes, In a few of the cysts calcification had
commenced and no larva was to be found. Other cysts were
full of pus and were likewise sterile. Pus formation also
oceurred in parts of the surrounding tissue.

The outer cyst has a thin, semi-transparent, but tough wall.
Tt iz presumed that this is secreted by the host. The inner
wall is very thick and dark brown measuring about 9 by
5 mm. The larva. to which no blastoeyst appeared to be
attached, is characteristically lancet-shaped, 1:5 cm. in length
3 to 3-5 mm. in breadth posteriorly, and 800 p to 1 mm. in
breadth anteriorly. There arc two very small simple hothridia
measuring about 700 w in length and 900 w in breadth. Their
posterior marging  are indented. The proboscis sacs are
situated posteriorly and measure 4-5 to 5:5 mm. in length and
450 o in breadth. The proboscides are much coiled thronghout
the length of the head. About fifteen larve were examined,
In only one case was a single proboscis everted, and then only
to a length of 1:5 mm. Consequently the shape and arrange-
ment of the hooks on the proboscides are not definitely known.
The proboscides were dissected out and boiled in caustic soda,
and it was found that all the hooks had been dissolved. The
opportunity is here taken of noting that when the heads of
tetrarhynchids are cleared in pure carbolic acid, the hooks
swell and develop “ blisters,” so that neither their shape nor
artangement can be determined.

The free portion of the protruded proboscis was examined
carefully, but only one view was, of course, to be seen ; three
other proboscides were teased out, so that a number of
differently shaped hooks were isolated. They did not appear
to be spirally arranged. One surface of each proboscis is
covered with small, simple, elongated hooks, varying in size
from 65 to 130 x. On one margin there is a cluster of three
enrved hooks measuring 90 y, and at a deeper focus two larger
\Aternating rose-thorn-shaped hooks measuring 130 p can be

en. Along the other margin therc are 3 large rose-thorn-

saped hooks measuring 130 g, and at a deeper focus two
steter alternating rose-thorn-shaped hooks like those on the
oppsite margin, also measuring 130 g, could be seen.

It \ppears probable that the larva named by Sonthwell
Rhynéobolkrium sp. I1. on p. 271, * Ceylon Marine Biological
Report’ (1912), and figured on pl. xi, figs. 20 and 30, is the same
species, Jdthough smaller. His description was as follows i(—
“ Large wumbers of cysts containing larvee of a second species
of Rhychobothrium were obtained from the mesenteries of
various fishes caught during 1908 to 1911. The cysts when
preservecare often globular, and measure 15 mm. in diameter.
The outervart of the cyst is sometimes gelatinons in nature,
and is usudly absent, Inside the gelatinous covering is the
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¢yst proper, which measures 5 by 3 mm., and is either of a
mlll\\ -white or golden-yellow colour

“The larva itself lies bent in two inside this cyst. It
measures 5 mm. long and 1:5 mm. broad postunorl\ The
posterior part is 3:5 times the breadth across the bothridia,
and the sacs measure almost half the length of the head and
neck. The proboscides are coiled, and are not protruded to the
exterior, their external openings being closed. The spines
are of various sizes and shapes, and do not appear to have any

Fig. 50.—Tentacularia pitlersi. A, larva, X 7: B, head, x 85; C, proboscix
hooks, X 160: D, probokeis, X 215, (After Southwell.)

definite arrangement. There are two very small, undivided,
saucer-like bothridia having a diameter of barely 005 mm,
There are no strobilw,”

The species can be easily identified by means of its (1) large
size ; (2) lancet shape: (3) large proboscis sacs and small
emargumte bothridia ; (4) hooks. The writer described this
larva in 1929, concluding from the above points that it was

@ new species.

VOL. 1. L
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The commoner elasmobranch fishes of Ceylon have frequently
been examined for eestode parasites and no worm with a head
like that described above has been found :; it is therefore

probable that the adult worm oceurs in one of the large hut
rarer fishes of this group.

SPECIES INQUIREND .
(21) Tentacularia rubromaculata (Iiesing, 1863).  (Fig. 51.)

Synonyu :— Tetrarhynchus rubramaculatus Diesing, 1863,

From Dasybatus walga, Pearl Banks, Ceylon. Hornell.

*“ This is by far the smallest of the tetrarhynchids found in
Trygon walga.  Only two specimens were taken, one measuring
4 mm., the other 7 mm. in length. The head occupies nearly
half this length. and the proboseis sheaths, which vary a little
in the two specimens, are nearly half the length of the head.

“The bothridia are distinet even when the proboscides
are contracted. The latter are four in number and bear sickle-
shaped spines, not arranged in very definite rows ; between
some of them are very short rows of minute, very straight
Spines,

* Behind the head the body consists of six or seven pro-
glottides ; the first two of these are band-like, the third longer,
the fourth about square, the fifth twice as long as broad, the
sixth and seventh four to five times as long as broad. In one
specimen the posterior proglottis bore a lateral eminence,
presumably the genital pore, which much resembled the
similar process figured by Wagener in a Tetrarhynchus taken
from a Trygon pastinaca.

“Tn zome notes which Mr. Hornell sent with the material
he stated that in the bottle which contained the FE. trygonis
were two species of tetrarhynchid, one with collar and the
other with red pigment anterior to the musele sacs.  Now, as a
matter of fact, there were four species of tetrarhynchids in the
bottle, and two of tHese were collared forms.  Thus there isa
reasonable degree of probability that the species we are
describing, although colourless in spirit specimens, had a

sddish patch in front of the muscular proboscis sheaths.
n his figure of the Tetrarhynchus taken from a T'rygon pastinaca,
Wagener paints a bright red splash just in this place, Neither
Wagener's figure nor Diesing's diagnosis, given under the name
Rhynchobothrium  rubromaculatwm, descend into any details
which might not apply to many tetrarhynchids, yet there is
nothing in the figure nor in the diagnosis which differs materially
from what we find in our specimens, and on the whole we seem
justified in regarding these as belonging to the species
T. rubromaculatus (Diesing).”” (Shipley & Hornell.)
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Pintner (1913) places this species and Tetrarhynchus
latycephalus Shipley & Hornell, 1906, in his genus Lakisto-
rhynchus, the type-species of which is Tetrarhynchus benedeni

Fig. 51 —Tentacularia rubromaendata. A, head and anterior segments,
X 40: B, proboseis hooks, magnification unknown. (After
Shipley and Hornell.)

(Crety, 1890). He also states that 7. benedeni=T. tenuis
van Beneden, 1858=B. gracili« Rudolphi, 1819, A
It is very doubtful whether 7. rubromaculata (Diesing,
1863) can be identified from the meagre deseriptions and
figures given of it, and it is certain that 7' l:!alycc;l{talus
belongs to a totally different group of tctrarhynchlds‘.) Shipley
L2
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and Hornell figure 7. rubromaculata with two bothridia, Its
identity 18 quite uncertain.

(=2) Tentacularia unionifactor (Herdwan & Hornell, 190:3*).
(Fig. 52.)

Synony:—Tetrarhynchus unionifactor Shipley & Hornell, 1004,

From Rhinoptera javanica. Pearl Banks, Ceylon. Hornell.

They are thus described * existing in swarms in the stomach
especially at the pylorie end. Very few were found in the
intestine. They occurred in all the specimens of Rhinoptera
Javanica capturcd. The longest was 3 em.. the other two
were about half that length: but Mr. Hornell states that
when alive they can extend themselves to 4 or 5 inches.
The head and body are stout. averaging a little under a millie
metre in diameter : the proboscides are very small and fine,
and are invisible to the naked eye. They arise apically,
close together at the anterior surface of the head, and are
supported by two shallow cephalic suckers or hothridin on each.
side, which meet anteriorly. The neck extends for 1-5 mm. to
2 mm., and contains the four clearly marked proboscis sheaths
and four tubules proceeding from them enclosing the retractor
muscles of the proboscides ; these are very convoluted.  The
proglottides are at first broad and shailow. but they soon
lengthen, and in the middle of the body they are cylindrical,
three times as long as broad, and circular in transverse section s
their posterior border just overlaps the succeeding segments,
but only just. Posteriorly the proglottides lose their shape,
become bagey, and develop a purplish-brown colour. and

here they are 2 mm. in length and rather over 1 mm. in

2

hreadth.

“ The genital openings are irregularly alternate, there being
perhaps two pores on the right side, succeeded by two on the
left, then one on the right, and o on.

“The anterior proglottides are very shallow, and lic one
upon another like a series of saucers or a pile of deve
ephyra : when they deepen o little they have one, rare
transverse creases in their cuticle, but as they got to he as
deep as they are broad, the number of these ereases has very
much inereased, and the posterior end of the hody is quite
crinkled. g

“The proboscides are armed with hooks which o
arranged : the hooks are not very hooked

slight : further, all the hooks are shaped alike and are all about
the same size. They are very small.

“ The two bothridia are comparatively shallow,
life. their edges are obviously ver

loping
Iy two,

re gpirally
v and the angle is

but during
v mobhile, and they may

* *Naturo, 10, xil, 1003,
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Fig. 52— Tentoenlaria wnionifactor.=JA, larva, mpgmfieation nknown ;
B, entire wopm; €, bead: 1. probosciz hooks, magnitication
unknown ; Eolarva, X about 100,  (After Snipley and Hornell.)
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deepen or become shallower as occasion arises. Their outline
is roughly triangular, one angle being anterior. The angles
are very rounded, and the deepest part of the bothridium
lies in the posterior angles.” (Shipley & Hornell.)

It is not possible to identify the parasite from the above
description. The small hooks, all of the same size and shape,
suggest that the worm may belong to the  lingualis ** group.

It is almost certain that the larval forms named 7. unioni-
Jactor Shipley & Hornell, 1904, from Margaritifera vulgaris,
belong to the genus 7'ylocephalum Linton, 1890.

Genus 111. GYMNORHYNCHUS Rudolphi, 1819,

Synonyms :—Anthacephalus Bremser, 1824, and Wagener, 1854,
Lterobothrium Diesing, 1850,
Synbothrium Diesing, 1850,
Aecanthorhynchus Diesing, 1850,
Syndesmobothrium Diesing, 1855.

Bose (1797) erected the genus Tentacularia to accommodate
a larval tetrarhynchid which he obtained from the liver of
Coryphana hippurus.

Cuvier (1817) established the genus Floriceps to inchude
certain encysted larval forms of the same group : he also gave
the name Scolex gigas to a specics obtained from Sparus raji.

Rudolphi (1819) gave the generic name Gymnorhynchus to
similar larva in which the * body is continuously flattened
and tapering, very long, with a subglobular vesicle in the neclk.
With two bipartite bothridia. Proboscides four, retractile,
nude.” He placed 6. reptans Rudolphi, 1819, in this genus,
giving Scolex gigas Cuvier, 1817, as a synonym of Q. reptans.
It has since been shown repeatedly that the proboscides are
not nude. It is also true that there is not alwavs a vesicle
in the neck. ‘

Bremser (1824), as pointed out by Creplin, Dujardin, and
Vaullegeard, gave a figure of Rudolphi’s G. reptans showing the
characteristic vesicle, but he alto, on another plate, gave
another figure of Rudolphi’s @. reptans which by mistake he
called Anthocephalus macrourus Rudolphi. In the genus
Anthocephalus Rudolphi the vesicle is posterior and terminal,

and not situated in the neck as it is in the genus Gymnorhynchus
Rudolphi. 1

Wagener (1854) also figures a similarly characteristic larva
which he too, copying Bremser's mistake, named 4. macrourus -
it is very similar to the one figured by Bremser, but in anenr‘r'.‘;
figure the tail-like blastoeyst is enormously elon -

T o wated. d
Diesing (1850) erected the genus Pterobothrium to accom.

modate encysted Iur\"a.l tetrarhynchids which had four terminal
bnth_ri«lia arranged in the shape of a cross. He placed four
species in the genus, namely :—(1) Pterobothrium macrourum
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Diesing —** Anthocephalus macrourus Rudolphi (nec Bremser)™ ;
(2) P. crassicolle Diesing : (3) P. heteracanthum Diesing ;
(4) P. interruptum Diesing. No type was designated. Later
on Diesing figured P. heferacanthum with a vesicle in the
neck, and he took particular care to point out that his
P, macrourum was the 4. macrowrus of Rudolphi and not the
one figured by Bremser under that name with a vesicle in the
neck. In the same paper he also erected the genus Syn-
bothrium for an adult tetrarhynchid which had four terminal
bothridia arranged in the shape of a cross. The type-species
was S. fragile Diesing, 1850.

In 1855 he both re-deseribed and fignred P. heteracanthuni.
His drawing of this speciesresembles very closely those given by
Bremser and Wagener for Anthocephalus macrourus, 1. e., for
(. reptans Rudolphi. The larva differs from all the other
known larvie in that when found in certain species of fishes
there is a large globular vesicle situated between the head
and the very long tail-like blastocyst. In the same paper
Diesing changed the name of his genus Synbothrium to
Syndesmobothrium, and he deseribed and sketched an adult
tetrarhynchid having four terminal bothridia arranged in
the shape of a cross which he, in 1850, had named S. fragile.

Diesing himself called attention to the fact that his two
genera Pterobothrium and Synbothriwm were closely related.
He says — Similar to Pterobothrium in the shape of the
head, from which it differs, however, in that Synbothriuwm has
a segmented body and no receptaculum (vesicle) in the neck.™

Vaullegeard (1399) was of opinion that Diesing’s figures of
8. fragile Diesing, 1850. represented the head of the adult

‘worm, whilst Diesing's drawings of P. heteracanthum repre-

sented the larval stage of the same species. .
Diesing (1855) states :—* In my system of Helminths my
first described genus Pterobothrium would include Rudolphi’s

species A. macrourns and A. interruptus. But since Rudolphi

did not give a full description of either of his species. 1 have
made the species P, heferacanthum the type of my new
Pierobothrium.”’

It is thus clear that P. heferacanthum is synonymous with
Rudolphi’s Gymnorhynchus replans, i, e., the Anthocephalus

macrourus Rudolphi of Bremser and Wagener. especinlly
~ since Diesing’s figure of the larva (i e., of P. heteracanthum)

also indicates the presence of the characteristic vesicle similar
to that represented by both Bremser and Wagener for A. ma-
crourus, i. e., for 6, yeptans Rudolphi,

' Syndesmobothrium fragile Diesing, 1850, is undoubtedly the
adult form of the larva named by Diesing P. heteracanthum,
and, in the opinion of the writer, 8. filicolle Linton, 18399, and
Synbothriwm hemuloni MacCallum, 1921, are also synonymous
with 8. fragile Diesing, 1850.
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Vaullegeard (1899) in his account of Zetrarhynchus fragilis
(Diesing) states that Bremser’s figure of the head of Antho-
cephalus macrourus Rud. represents a different worm from that
described by Rudolphi under that name. As noted above,
Bremser’s figures show Gymnorhynchus reptans Rudolphi,
not dnthocephalus macrouris Rudolphi, It is thus clear that
the name of the genus is Gymuorhynchus Rudolphi, 1819,

Linton (1889) states that the genus Syndesmobothrium
Diesing, 1855 (= Gymnorhynchus Rudolphi, 1819), is charac-
terized by Diesing as follows :—* Body articulate, tenieform ;
neck tubular, rounded at the base ; head tetragonal, with four
terminal, prominent bothria attached to head by posterior
margin, cruciformly disposed, oval, slightly convex, joined
with each other at the base by a membrang ; proboscides
four, filiform, armed, each one running t,hrough_ a bothrium
{pedicel), excurrent at apex, long. retractile in the neck.
Genital apertures marginal (7). In intestines of marine
fishes of Tropical America.”

The genus is defined as follows :—The head bears four
terminal bothridia, usually arranged in the form of a cross,
but sometimes pointing anteriorly and without (:l'hated‘plts
(otocysts). The four proboscides are armed with hooks.
The larval form in certain species of fishes is very long, and
bears a large characteristic vesicle between the head and the
long tail-like blastoeyst. In other species of fishes the laryal
form is simple, consisting of a scolex and a short ‘fﬂl“llfe
blastocyst, the vesicle being absent and the whole larva
being enclosed in a simple oval or globular eyst.

Type-species :—Gymnorhynchus gigas (Cuvier, 1817).

Key to Species.

g : . f. g i Y
Hooks sickle-shaped, iy gronps of Byve o ...oeees G gigas, p. 15
Hooks of varying shapesand sizes, not in groups 5
of ive ..., k. 4 ko gl G wallens, p. 160,

(1) Gymmorhynchus gigas (Cuvier, 1517). (Figs. 53 to a6.)

Synohyms :—Sealed gigas Cuvier, 1817, :
b ("!I"lm::'hym'hua reptans Rudalphi, 119, ]
Authocephains macrowrns Bremeer, 1824, ind Wagener,
1854, i .

? Gymnarhymedus yari (Rud. £ Risso, 1826,
Gymnovigmelus Tovridus Goods., 1841,
Sunbothyuem frogile Diesing, 1850, y
Dtevobothrivem hetera ""”'Im‘” ])lcnlln'{,J ),
Syndesmohothrinm frogile Diesing, 1855, ‘
2 Gunenorhynehus dlengatus (Wagener) of Mont,, 1863,
Synbethrium fiticollo Vinton, 1887,
Syndesmobiot hrivm ﬁliwllr I.m‘m.“' 1R800,
Totravhynchus platycrphalues Shipley & Haomell, 160¢,
Syudiothrivon kemudem MacCallum, 1921,
Faulleyeardia gigas Guiare 1926,
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From (1) Dasybatus walga, Pearl Banks, Ceylon. Hornell;

o Southwell. (2) Larvee from Cybium gutlatum, ( horinemus

toloo, (. lysan, Chirocentrus dorab, Serranus sp., Balistes sp.,

Lutjanus sp., Pristis cuspidatus, Pear]l Banks. Ceylon. South-

well, Arius gagora and Harpodon nehereus, Delta of Ganges,

Bengal, India. Southwell. Hemigaleus balfouri, Trichiurus
savala, Clupea ilisha, India.  Pearson.

@ i
Fig. 53 Guanorhytchws guar. A, B = G reptans Rud, {after Bremeet) ;

O =Authocephantus macrouria Rud (after Breniser) : D= Antho-
cophalug macruris or septans (after Wagener),

Shipley and Hornell (1906) described Tetrarhynchus platy-
cephalus (= Gymnorhynchus gigas (Cuvier, 1817)) as follows :—
“Phis is & moderate-sized form, measuring 10 mm. or 12 mm,
in length. The head and neck oceupy about one-sixth of the
whole body length, The head is compressed from front to
back and spreads out laterally, having something like the
appearance of a toreador’s hat. The four-hooked proboscides
bend out towards the edge of the hat, and finally enterge at
i-he angles. The hooks are large, sabre-like, and of uniform
size,
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“The body consists of ten or eleven segments, the last two
of which are as big as the rest of the body altogether. The
proglottides are at first some six times as broad as they are
long, but the fourth or fifth proglottis is already square, and
the last is perhaps four or five times as long as broad. They
are rounded and plump, stouter half way along than at
either end, and stouter in front than behind. The most
characteristic feature is the genital pore. This is a great cleft
which runs almost half across the proglottis and seems to half
cut it in two. This appears already in the fourth or fifth
proglottis, and gives the appearance of an irregular and
abnormal segmentation. The pores are lateral a.n_d alternate
as a rule, though now and then two will consecutively follow
each other on the same side. A

“The diagnosis of etrarhynchus playcephalus is  as
follows :—Head much flattened, proboscid'es con.ung‘out of thg
edges of the flattened head. Hooks uniform in size, sabre--
like. Proglottides ten or eleven in number, broader in the
middle than at either end. Reproductive pore n.»sc-fnbles a
huge cleft which seems to half cut the proglottis in two
alternate but slightly irregular.” e

Pintner (1913) places this species, togeth,cr with ?,almrh ynchus
rubromaculatus Shipley & Hornell, 1906, and Tetrarhynchus
benedeni (—1T. tenuis van Beneden=1" gracilis Diesing), in his

enus Lakistorfkynchus.
: As the anat.(/)my of the adult worm has not been fully
described. further details are given below. ;

The worm measures l-1 em, in length and the ummmu}m
breadth is 360 . It is composed of about tw?l\'e segm%r:‘t,s, 1& tlllc
last one measuring 2-9 mm. in length and 360 g in b AL l.
There is no neck. The genital pores are very large anc llll'r'esl C
larly alternate, and situated in the posterior third of the seg-

nt. T have prominent lips.
m?;zml.l'lll'ii head }r)nea,sures 2'211 mm. in length. I.ts. breadth
across the proboscis sacs is 450 p, 4Cross the botlu'uh.:z 8153 2
and between the sacs and the bot hridia the brend‘t)ll is 360 p.
There are four bothridia. each having & length of 270 r:hur
free extremities point anteriorly and tl}exr suckm'g s a'I?{;s
face towards the median longitudina] axis of _tho ‘Y()rix). dthc
proboseis sacs measure 900 p in length and l:O‘ & in )reaTh.
i. ¢., they are nearly half the length qf the entire hcad.. @
sacs are peculiar in that the 1_)rol.n)sculvg can be clenrl_ﬁ seen
lying coiled within them and extending to the '.p;)?ton}or
extremity. The proboscides are very short, and withm t' 1e
head are almost straight. Only one of the pr()b()scldesl Was
protruded beyond the head ; it projected to a length of 90 p.

Muscular System. The longitudinal muscles are strongly
developed and are arranged in fascie resembling closely those
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found usually amongst the various species of Tawnioidea. The

¢ . nervous and exgretory systems were not investigated.

Testes and Vas deferens. The sixth segment is square : in the
seventh there are about 100 well-developed testes; they are
oval, and lie with their long axes transversely. They extend
posteriorly to the ovary on both sides and are arranged in two

. B Gymnorkynch iqas, B, E = Pterobothrinm Iw!emmmhu'm
S yD'io'six‘;{gM(n'f':er eg)im-ing): G, H = Syndesmolothrinm  frogile
Diesging (after Diesing),

groups, one on each side of the median longitudinal axis. The
cirrus pouch is very large, globular, and extends more than half.
way across the segment. As only one worm was available,
details relating to the cirrus and vas deferens eotllfl not be
obtained. In Shipley and Hornell's specimens the genital pores
were very conspicuous, As the writer's specimen was not
fully mature, the genital pores were not so prominent as in
their worms,
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_Ovary and Vaging. The ovary is bilobed and situated a
little distance from the posterior extremity. Each lobe lies,
close to the lateral margin of the segment. 1In total mounts the
yagina could not be made out : but in the last segment its
terminal portion wys seen to run and open posteriorly to the
CIYTus pouch.

Vitelline Glands. These are large and prominent, encircling
the whole segment, and thus obscuring the genital organs in
t"t“.l mounts. They develop progressively ;mt(-m-po..st(-norly:

l: térus. This is o wide sac running along the median longi-
tudinal axis, Anteriorly it turns ventrally and pushes the
ventral wall into a vesicle, It seemed clear that later on the
wall would rupture at that point. P g

Eqgs. These are oval and measure 43 by 26 p. They ooniAm
a hexacanth embrve and the shell is devoid of filaments, .

The writer hae obtained numerous larval forms of this
parasite from the mesenteries of the species of fish named
below, but up to the present the adult worm has only been
found twice in India - :

(1) Erom Cybium guttatum. Pearl Banks, Ceylon. “Sout-h“ o

Southwell (1912) described the forms thus:— The head
18 ‘squarish in front view, with a bothridium at each corne xl-
The bothridia are oval or cup-shaped. The Inc v giton Wi
Linton’s figure of this species, save that in the Ceylon specimens
the exits of the proboscides were closed. The p o }Sflc;:
were marked with fine eriss-cross lines, only visible "nderf ni
magnifications.” It js practically certain that one o Its:
larvae described by Shipley and Hornell (1906) from AN
(viz., pl. iii, fig. 43) belongs to the same species. S Ca
5 (2) Fr(];m (-;,0,,-,,2,,,,, s ,o‘jfotnnd . ly.s-n.n.Pearl Banks, Ceylon.

southwell.

The eysts which oceur in this fish are quite uphkv'ﬂtl'oso ff:":;)(!
m Chirocentrus dorab and Hem igaleus balfouri (v. mh'o};.almui;
they are somewhat tadpole-shaped, having 2 lengt hilst th
12 em. The ¢yst has a hreadth of about 1 v, 2 ;wm'es
tadpole-like head of the evst containing the lunfl m(; of
2 mm. in length and 1-5 mm. in breadth. A description
this larva is given by Southwell (1912). he Ganges)

(3) From Arius gagora, Sunderbans (Delta of the Ganges),
Bengal, India.  Southwell. : -

The cysts are very long, milky white in colour, ugd ta;l]l)l(l,:lt;
shaped, measuring from 3 to 4 em. in 11‘"3"‘.“"" = to_- g th.
in breadth.  The * head of the cyst which C(‘mt;‘mh 1 ho
larva measures 45 mm. in length and 2:5 mm. i )rcz]u th.
There is a slight constriction hetween the head _l’l“('. f'ﬁ
rest of the cyst. The larva jtself lies * tied in knots W It
the “head ” of the cyst : the blastocyst, to which the_head
of the worm is attached, measures 2 e, in length and 00 p



GYMNORHYNCIHUS. 157

in breadth. The head measurzs about 4 mm. in length and
has a maximum breadth of about 500 .

i 55— Gymnorhyncling aigas. K = Syndesmobolhritm Jilionlle Lint.

Fig, 99 (after Linton) ; i’:“l.\l = 'I‘«etmn'h,_'l““"”‘ !,-Iu!yrtpmrhw Shiplu’ &
Homnell (aftor Shipley and Hornell): N, O == Syndesmobotlpiy g,
Siticolle Lint., oyst nnd larva (after Southwell)s P, darea frp,
Arivs gagora, % 10 (after Southwell),

The free unencysted larva and its ."‘.“‘"h“{t l’la”""(‘_\’st
presented VErY extraordinary characteristics. Measurad
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6 em. in length ; the anterior portion was hair-like, and it
gradually broadened until the extreme posterior portion had
a breadth of 700 p. There is no doubt that in this larva both
the head and the blastocyst had elongated to about three times
their original lengths. It is interesting to note that Wagener
(1854) figures (pl. xvi, fig. 212) a very similar condition in the
larva of ** Anthocephalus macrurus (sic macrourus) oder reptans ™
obtained from Brama raji.

The head of the worm measured 10 mm. in length and the
proboscis sacs 1-:6 mm. in length. The breadth across the both-
ridia was 340 ¢ and across the proboscis sacs 200 p. The
diameter of that portion of the head between the bothridia
and the proboseis sacs is 72 only. The proboscides and their
sheaths had clongated so as to resemble hairs. The whole
condition is artificial, due to extreme elongation, a phenomenon

which the writer has noticed hefore whilst examining living,

worms of other species on the Pearl Banks. The proboscides
were everted and the hooks were exaetly similar to those
figured for the same species found under No. 4 below.

(4) From (@) Chirocentrus dorab, Pearl Banks, Ceylon.

Southwell. (b) Hemigaleus balfouri, Manapad, Tinnevelly Dist 5
S. India. Pearson. :
. The oyst in these two hosts is of a most unusual shape.
Posteriorly there is a long tail-like portion, measuring about
10mm. in length and 600 . in breadth, which anteriorly expands
into a perfectly globular thin-walled vesicle having a diameter
of 2 mm. From the latter the head proper arises,

Bremser (1824) on pl. xi, fig. 11, gives a picture of Gymno-
rhynchus reptans showing the vesicle in question; and on
pl. xvii, fig. 1, he figures in mistake a very similar condition
of the cystic form in Antocephalus (sic Anthocephalus) macrourus
Rudolphi, 1819 = Gymnorkynchus reptans Rud., 1819 — 6. gigas
Cuvier, 1817).

The complete head measures 3-8 mm. in length ; its breadth
across the probescis is 360 . across the bothridia 630, and
between the two it has a breadth of 200 w. There are four
very small bothridia each forming an angle of about 45 degrees
with the long axis of the worm, and each having the sucking
surface facing the median longitudinal axis of the wormi. Each
bothridinm has a length of about 300 . The proboscis sacs
have a length of 900 i, that is, they are about, mm-qua.rt;-r‘the
length of the head. Within the posterior part of the head the
proboscides are much coiled, but in the anterigp part they
run o straight course. The free portion of the probogcid&
(i. ., the part of the proboscides protruded beyond the < :
is almost equal to half the length of the head. Th(- h ;;)
on the proboscides are diagriostic ; they AR DR

] arise in olusters
bo n each side. a bunch of fiv s beiny
g f five on one sjge being
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Situated midway between two sets of five on the other side.
Superficially only three hooks can be seen in each group;
. ' by deep focussing five are visible : the bases of all the five

. 56.— Gymngrliynchus gigas. R, head and vesicle (receptacnlum). X 155

Xl 0% 8, the four bothridia, X 160 'T. anterior oxtremity of pro-
bogeis, 1605 T, nnother portion of proboseis, X 160; V, pertly
gravid segment, X 160, (After Southwell.)

in each cluster are close together. The hooks in each
hoo\lf; lwm- in size, the largest measuring about 110 p and the
grr:(l)a]lest. 70 p. They are all delicate. Posteriorly to each
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.
set of five there is a very small hook measuring 17 . At
their anterior extremities the proboscides are armed with long
hooks arranged closely together and with their points directed’
anteriorly so as to resemble a shaving brush,

(5) From the mesentery of Trichiurus savala, seas and
estuaries of India; and Clupea ilisha, Indian Ocean, ascending
large rivers. Pearson.

(6) From Serranus sp., Balistes sp.. and Lutjanus sp., Pearl
Banks, Cevion. Southwell.

(7) ¥rom liver and mesentery of Pristis cuspidatus, Pearl
Banks, Ceylon. Southwell.

(2) Gymnorhynchus malleus ( Linton, L92:48).  (Iigs. 57 & 55.)
Sy uonyms :—Syubatheien mallewm Vinton, 1924,
Tetrarhynchus erinacens Linton, 18497,

From (1) Pteroplatea micrura, Pearl Banks. Pearson,
(2) Dasybatus kuhli, Pearl Banks, Ceylon. Southwell.

Linton in 1905 described and figured another member of
this genus—a larval form—from various species of fish. This
parasite has peculiarhooks, and he referred to it as Synbothrium
sp.  His description was as follows :—" 1901, July 11: One
cestode larva, which is probably to be referred to this species.
The cyst was found in the liver, and measured 25 mm. in
length and 3 mm. in diameter. The blastocyst was about the
same size as the enveloping cyst and was very active. When
flattened, marginal sinuous vessels were seen, but no appear-
ance of a larva. The killed specimen measured 14 mm, in
length. July 12 : a cyst gsimilar to the foregoing found on this
date yielded a larva which appears to belong to this species.
Dimensions, in millimetres Length 6 : breadth of head 1-2:
diameter of neck 0:6 : length of contractile bulbs 1, diameter
0:27 : diameter of proboscis, exelusive of hooks, 0-1.  Specimen
somewhat compressed.”

In 1924 Linton deseribed the adult specimen. viz., Syn-
bothrium mallewm  Linton, 1924, from  Dasybatus centrirus,
concluding that the larval forms noted above belonged to this
new species. He called attention to the fact that the hooks
of his 8. malleum bore a close resemblance hoth in size and
arrangement to those of Petrarhymchus erinacens, The resem-
hlance is indeed remarkable, but in other respects the heads
of the two species in question are entirely different, In faet,
Linton had named and figured the same larva as 7. erinaceus
in 1807,

The largest worm examined by the writer measured about
6 cm. and contained 47 segments. The greatest breadth was
15 mm. There was no neck. The cighteenth segment was
Square. measuring 700 . The last segment contained numerous
Ccgus and measured 185 mm. in length and 1-45 mm. in breadth,



GYMNORHYNCHUS, 161

The genital pores are irregularly alternate and situated late-
rally at the base of a deep pit in the posterior third of the seg-
ment. HKggs appear suddenly ; they are entirely absent in
one segment and very abundant in the succeeding one. They

Fig: 57.—Gymnorhynchus mallons. A, head, X 85; B, proboscis sao,
showing “ geanular bodies ™ attached to small bundles of nmsc!e
fibres, % 155; C, D, proboscis hooks, X 250; E, F, proboscia
hooks, basal, X 160. (After Southwell.)

occurred in the last twelve segments of the largest worm,

Under low magnification the outstanding characters of this

worm are :—(1) the longitudinal lines in which the muscle

fibres and the vitelline glands are arranged in the mature and
VOL. 1. 4
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gravid segments ; (2) the sudden disappearance of the thick
uterine wall and the loose appearance of the eggs; (3) the
arrangements of the hooks on the proboscides.

Head. This measures 5 mm. in length ; its breadth is as
follows : anteriorly across the bothridia 1-26 mm. ; across the
probclscls sacs 950 u, between the bothridia and the proboscis
sacs 750 . There are four small gucker-like bothridia facing
untenor‘ly, each having a diameter of about 400 p. The
prt')bqscm sacs have a length of 1-8 mm. and a breadth of 220 p.
Within the head the proboscides are much coiled, but their
free portion is very short. The hooks on the proboscides are

characteristic of the species ; they have the form and arrange-
ment shown in fig, 57.

Fig. 53.—Gymnorhynehiug mallens. G, mutaro sogment, X 56G; H, uearly
gravid segment, X 33 J, dingram showing disposition of vitel-
larin und 'longitudiunl muscles, » 250, (After Southwell.)

Rudimenis of the ovary, vagina, uterus, and vas deferens
are prominent in the third or fourth segment,

Testes and Vas deferens. In stained total mounts the testes
can be seen only in two or three segments, and even then with
difficulty, owing to the fact that the vitelline glands develop

simultaneously and obscure them. "They are fairly numerous.
(about 200), and extend posteriorly on cach side of the seg-
ment to the ovary. In the fully mature proglottides the cirrns:

pouch has a length of 720 u, and a breadth of 380 p; the
cirrns is unarmed, and lies in several coils within the pouch.
Outside the sac its course is very short.

Ovary and Vagina. The ovaryis bilobed, finely granular, and
situated posteriorly. The vagina in young segments is much
eoiled ; it opens slightly anteriorly and dorsally to the cirrus
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pouch into the deep pit noted above. No seminal vesicle
was seen, but just median to the genital opening the vagina
dilates into a wide sac.

Vitelline Glands. These extend over the whole of the dorsal
and ventral surface of the segment. They are very markedly
developed, even in the immature segments, and lie between the
bundles of longitudinal muscle fibres.  Posteriorly a duct
arises laterally from each side, and theso unite in the median
line and open into the fertilization canal.,

Shell Gland. This is & conspicuous organ situated behind
and between the two wings of the ovary, and has a fan-shaped
appearance. 9

Uterus, The uterus in a gravid segment is remarkable,  Eggs
are absent in one segment and very numerous in the next.
It appears to be a central cayity devoid of a proper wall. In
immature segments it, as usual, appears as a central stem with
a thick (7 glandular) wall, but the moment eggs can be seen
this stout membrane disappears and the eggs seem to be locse
and unconfined in the central parenchyma. At the anterior
margin of the gravid segment in the longitudinal axis there
18 4 ventral uterine pore.

Eggs. The egg measures 45 by 21 p and does not bear
filaments. No details relating to its contents could be made
out,

Grenus 1V, OTOBOTHRIUM Linton, 1380,

Linton defined the characters of this genus as follows :—
* Body articulate, tenimform, head separated from the body
by a neck. Bothridia two, opposite. lateral, each with two
supplemental ciliated pits at the posterior free angles. Pro-
boscides four, terminal, filiform, armed, retractile in neck.
Reproductive apertures marginal.” These characters have
been emended as follows, to accommodate O. balli Southiwell,
1929, in which the supplemental ciliated pits are situated in
the middle of the margin of the bothridia, and 0. dipsacum
Linton, 1897, in which there are four bothridia . —

The head bears either two oppoesite lateral bothridia, each
with two supplemental ciliated pits, or it bears four bothridia,
ench with o single ciliated pit.

Type-species —Otobothrium erenacolle Linton, 1860,

Six species have heen identified, three of which have been
recorded from India and Ceylon.

Key to Species,

1. With four bothridia .....oceee-s BT A (). dipsacum, p. 165,
With two bethridin . .ievveenss st e et S
2. Hooks on proboseis sll small, 18 4 or less, ;
and practically alike J....... evivenanas O balli;p. 166,

Hooks of varions shipes and sizes ... O, finsfowi, p. 164,
M2
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(1) Otobothrium linstowi Southwell, 1912, (Fig. 59.)
Synonvm :—Otobothrium magnum Southwell, 1924,

From Pristis cuspidatus and Rhynchebatus djiddensis, Pearl
Banks, Ceylon. Sounthwell.

Fig, 59,—Ofobothrinm linatows, A, head, x46; B,C, D, E, proboscix hooks,
w 214; F, head, X 10; G, hooks, magnification unknown,
(After Southwell.)

Adult worms 35 cm. in length, with a maximum breadth
of 500 4 and composed of about 50 segments, The head
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measures from 4 to 45 mm. in length and has a maximum
. breadth of 1°'3 mm. The two bothridia each have a length
of | mm. and the proboscis sacs measure 1°75 mm., Viz.
about one-third the length of the entire head. The hooks
on the proboscides are spirally arranged on one face only;
on the opposite face they are irregularly disposed: they are
of various shapes and sizes, as shown in fig. 59. One face
of each proboscis bears spiral rows of large dissimilar hooks,
there being from three to five hooks in each row; the other
face has a number of small delicate hooks of varions shapes
and sizes arranged quite irregularly. The largest hooks have
a length of 80 u and the smaller ones 20 .. Towards the
tip of the proboscis all the hooks decrease in size gradually.
The base of cach proboscis is not swollen, but it bears a
cluster of extremely small and delicate spines measuring
about 9 4 in length. ‘

LARVAL FORMS.
(2) Otobothrium dipsacum Linton, 1397. (Fig. 60.)

Synonym s— Otobothrium insigne Southwell, 1912,

From (1) Serranus undulosus, Pearl Banks, Ceylon. South-
well.  (2) Diagramma crassispinum, Balistes matis, Lutjanus
dodecacanthus, and Lethrinus ornatus, Pearl Banks, Ceylon.
Pearson,

The cyst measures 1:2 em. by 6 mm. and confains a pear-
shaped blastocyst 8-5 mm. in length, 6 mm. in diameter
at the broader end, and tapering to a blunt point posteriorly.
The larva measures about 5 mm. in length. There are four
bothridia, each with a ciliated pit posteriorly. The arrange-
ment of the hooks is characteristic of the species, On each
proboscis there is a longitudinal line towards which the shorter
diagonal rows of hooks converge on each side. The longest
measures 50 L. :

It will be noted that in the original description of the genus
Linton stated that there are two bothridia only. In O. dip-
sacum he said that there are four, and this is actually so. But
it is clear that each lateral half of the head, with its two mar-
ginal bothridia, forms one complete sucker and acts as a single
bothridium. g

The cysts are club-shaped and measure up to 4 ¢m. in lengt h;
the maximum breadth is about 6 mm. The fully developed
cysts are dense jet-black with very firm walls, Very young
cysts are not pigmented. - All stages between the two conditions
are to be seen.

The larvee, attached by their heads to one end of the cysts,
have a length of 3 or 4 mm. The four bothridia are in pairs ;
each measures about I mm. and bears near its posterior
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extremity a ciliated sucker-like sac or pit having a diameter
of 120 u. The hooks are slender and nearly all of the same
shape, the longest measuring 47 and the shortest 14 u. The
characteristic arrangement of the hooks described by Linton
Was very pronounced in our specimens.

Southwell (1912) identified these larvie as O. insigne Linton,
1905. A re-examination of the hooks proved them to be
O. dipsacum Linton, 1897.

Fig. G0, Otobathrivem dip!ucnm, A, Iarva, X 24; B, proboscis hooks,
X 8330 : C, D=0, tusigne Southwell, 1912 cysts, magnification
unknown. (After Southwell))

(3) Otobothrium balli Southwell, 1929, (Fig. 61.)

Larval forms from (1) Cybium guttatum, Lethrinus ornatus,
and Balistes stellatus, Pear]l Banks, Ceylon. Southwell.
(2) Aprion pristipoma, Negapatam, Tanjore Dist., 8. India.
Pearson.

The eysts in Aprion pristipoma are oval and milky white
and measured 7 by 4 mm. The inner e¢yst is 5 by 2:5 mm.
The larva, to which no blastocyst i# attached, measures
about 1:7 mm. in length and has & maximum breadth
of ahout 1'1 mm. There are two bothridia each having a
length of 900 p, i. e, more than half the length of the head.
They each bear two ciliated pits situated one along each
lateral margin, but instead of being posterior they are slightly
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nearer the anterior extremity of the bothridia than the
posterior, The proboscis sacs are oval, having a length
of 350 w and a breadth of 100 . Their anterior extremitics
are overhung by the posterior part of the bothridia. The
proboscides are very short and lie almost straight within the

Fig. 61.—Otobollirium balli. A, larva, Intoral view ; 8, larva, dorso-ventral
viow, X 83; (, D, prohoscis hook=, X 500, (After Southwell.)

head. They are armed with small, curved, almost uniform
hooks having a rather stout base and arranged spirally. These
vary in size from about § to 18 i1, and are densely crowded

together.
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LARVAL FORMS OF UNCERTAIN (GENERIO POSITION.
A.—Tetrarhynchus spp. (Figs. 62 & 65.)

(1) and (2). Shipley and Hornell described two different
tetrarhynchid larvee from Cybium guttatum, Pearl Banks,
Ceylon. One was encysted, the other was free.

The first species ocenrs in voluminous cysts, each measuring

Fig, 62.—Tetrarkynchus ep, From Cybium gullalum, A, larvn, X 253
B, proboscis hooks ; €, eyat, magnification unknown. (After
Shipley and Hormell.)

up to 1-4 cm. in length and having a breadth of 2.5 mm. They
are found in the body cavity. The larval head is much smaller
than the one described below 1 it is invaginated, and the walls
of the cavity in which it lies meet and all but fuse. They are
then continued backwards as the wall of the cyst, which is
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contracted here and there. Posteriorly the exit of the excretory
_ system 18 visible.

The one without a cyst is egg-shaped, measuring 4 mm.
in length, and having a maximum breadth of 2 mm. The
* tail or posterior end is ensheathed in a circular fold like a
petticoat, and from it runs up a number of ribs or ridges which
fade out in the head. The teeth on the proboscides are large
and stout, and comparatively sparse.”

(3) It is impossible to identify the larval tetrarhynchids
mentioned by Shipley and Hornell, 1906, found in Chirocentrus
dorab (fig. 63), Lutjanus annularis, Diagramma sp., and Sphy-
raena commersoni. 1t seems probable that those found in the
last-named host are Gymnorhynchus gigas (Cuvier, 1817).

Fig. 63.—Tetrarhynchid cyst. From Chirmcentrits dorab ; magnification
: unknown. (After Shipley and Hornell.)

(4) Meggitt (1927) records a tetrarhynchid larva from a
snake (Hurria rhynchops) in Burma., and Moghe (1926) a larval
tetrarhynchid from Barbus sophore m.Iudia.

(3) A eollection of ten tetrarhynchid cysts from the mesen-
teries of Balistes mitis, Balistes stellatus, Lutjonus Sp-; and
Serranus undulosus, Pearl Ba'nks, Ceylon, was examined.
The cysts were roughly oval, milky white or light brown, and
measured 10 by 3 mm. An unidentified larval nematode
about 1 to 1:2 em. in length was found attached to the
outer cyst wall in every case, and in each instance the cestode
larva within the cyst had degenerated into a brownish un-

recognizable mass.
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of forms exactly similar to the parent, in the trematode the
asexual reproduction results in the formation of redi®, and
finally of cercarim, both of which are very different from the
sporocyst in which they are produced.

The exact manner in which endogenous embryos arise in
the larval cestodes deseribed by Hornell (1906), Willey (1907),
and Southwell (1910) is not known, as in all these instances the
larvz were fully developed. and in no case had the intermediate
stages been observed. In the parasite of the Indian shad,

" however, it was possible to study the development of the

parthenogenetically developed forms. The method detailed
by the authors referred to above does not materially differ
from what occurs in 1. parthenogenetica, and accordingly it is
clear that the parasite of the Indian shad is not an adult
degenerate cestode but a plerocercoid larva, the adult of which
is unknown.

The larvee described by Hornell, Willey, and Southwell were
found in the Pearl Oyster (Margaritifera vulgaris Linn.) and
the Window-pane Oyster (Placuna placenta Linn.) of Ceylon.
Haswell and Hill (1894) had previously obtained a similar worn,
with an identical mode of reproduction, from an Australian
earthworm. The only two other instances of the oceurrence of
such asexual modes of reproduction in the cestode parasites
of the vertebrates are those described by Ijima (1905) and
Beddard (1912). The parasite of the Indian shad provides
the first instance of endogenous reproduction taking place in a
plerocercoid form parasitic in any fish.

Plerocercoid larva I, Southwell, 1921, (Fig. 65.)

From the umbrella of a rhizostomous medusa (Acromitus
rabanchatu), Barkuda Island. Chilka Lake, India. Annandale.

The larve are cylindrical, with broad, rounded extremities,
and they measure from 2 to 2:5 mm. in length: the
diameter is 340 y (fig. 65 A and B). They lie in cavities in the
host, but are not surrounded by a definite adventitions cyst,
although there is a slightly marked condensation of host-
tissue round them. Both fresh and preserved specimens bave
a milky white colour, and can be seen easily with the naked eye,
especially in the fresh.condition. The larva is solid, and is
covered with a conspicuous cuticle. There is a very definite
subcuticular tissue made up of a series of small spindle.
shaped cells, closely packed together, the nuclei of which stain
deeply. Internally the larva consists of a stroma framework
enclosing a few large cells which in cross-section measure about
38 by 254. These cells are at first granular, but later on
calcareous corpuscles develop and gradually fill them,
Eventually the ealeareous corpuseles (which are very large
and numerous) become free, and the cells which seereted them
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are no longer visible, having been replaced by others apparently
from the subcuticular layer.

The anterior extremity is marked by a deep pit lined with
extremely small spines,  The base of this pit is thickened, the
proliferating tissue consisting of very numerous, small, elongated
cells with well defined nuclei. As in many other Cestoda, the
head arises from the base of this pit. In our specimens
development had not proceeded beyond the formation of the
pit. and no trace of the head was to be seen. The differences

L5

OR

X

X -5\‘46:.

A

Fig. 65.—Plerocercoid larva 1. From Jelly-fich, A B, x69:
C, transverse sootion, % 143. (After Southwaell.)

noted in the specimens were confined to the size and shape
of the pit. In one or two instances a constriction appeared
immediately behind the rudimentary head, separating the
worm into two parts (fig. 65 A).

There can be no doubt that the parasites are plerocercoid
larvee, Tt is impossible to identify them at this stage of their
development. 3

As far as the writer is aware, no cestode larvie have been

recorded previously from animals so low in the zoological
scale as Medusm,
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Superfamily I1I. PHYLLOBOTHRIOIDEA, nov.
Synonym :—Order Tetraphyllidea Caras, 1863.

Abildgaard (1790) under the name 7'@nia coroliata described
a worm with an armed head found in Raja batis and Squalus
spinaz.

We have noted elsewhere that Rudolphi in 1809 erected
the genus Bothriocephalus. In 1810 he divided the species
of this genus into two groups, viz., (@) Inermes, Gymnobothria,
and (b) Armati, Echinobothria. He placed Penia corollata
Abildgaard, 1790 (=Halysis corollata Zeder, 1803), in the
latter division. In 1819 he changed the name of the species
to Bothriocephalus coronatus, and in the same year described
two other species with armed heads from Squalus galeus, viz.,
Bothriocephalus uncinatus and B, verticillatus. 'These three
species are now known as Acanthobothrivm coronatum, A,
uncinatum, and Calliobothrium verticillatum respectively.

Dujardin (1845) followed Rudolphi in placing the above
three species amongst the armed bothriocephalids.

It has already been pointed out that van Beneden (1850)
divided the Cestoda into four orders, one of which he named
Tetraphylles. In this order he placed three families; with the
following genera, viz. :—

(1) Phyllobothriens : Echeneibothrium van Beneden, 1850 ;
Phyllobothrium van Beneden, 1850 ; Aunthobothrium
van Beneden, 1850. ;

(2) Phyllacanthiens : Acanthobothrium van Beneden, 1850 ;
Onchobothrium Blainville, 1828 ; Calliohothrium van
Beneden, 1850.

(3) Phyllorthynchiens : Tetrarkynchus Rudolphi, 1809.

It will be noted that this author erected five new genera.

Carus (1863) accepted van Beneden's classification of this
family. and he defined it as follows :—" The anterior extremity
of the seolex carries four bothridia, either sessile or peduncu-
lated, very mobile, and either armed or unarmed ; the bothridxza
are sometimes united in pairs ; behind the head there is a chain
of segments which contain the genital organs : this family is
found principally in rays."” ’ . .

Braun (1894-1900) defined the order Tetraphyllidea Carus,
1863, thus i—* Scolex armed or unarmed ; with four mobile,
pedunculated  or  sessile bothridia, whose surface may be
divided up into areole, or Wh'l(‘vh may bear four suckers : the
head may also present an {rrvgular appearance, and may
be surrounded with a terminal sucker; a pseudoscolex s
sometimes present. Neck present or absent. Segmentation
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distinet : frequently the segments become detached before the

chain is fully developed, and they live a free existence in the .

intestine of the host ; no primary uterine pore ; cirrus and vagina
always open marginally ; testes in the medulla, and numerous ;
volk glands in two lateral strips in the cortical parenchyma ;
ovary usually bilobed ; shell gland situated behind the ovary ;
an egg-swallowing apparatus present. Eggs usually thin-
shelled and either spindle-shaped or round, sometimes with
filaments, but without operculum. Larva described as ‘ Sco-
lex * by Miiller. Found in fish, amphibians and reptiles.”
He divided the order into the following four families, viz, +—
(1) Onchobothriidee Braun, 1900 = Phyllacanthiens van
Beneden, 1850.
(2) Phyllobothriidse Braun, 1900 == Phyllobothriens van
Beneden, 1850,
(3) Lecanicephalide Braun, 1900 = Gamobothriide Lin-
ton, 1889.
(+) Ichthyotweniide Ariola, 1899.
Meggitt (1924) divided the order into five families, viz. :—
(1) Phyllobothriidze ; (2) Onchobothriide ; (3) Lecanicepha-
lidee ; (4) Iehthyoteniide ; (5) Polypocephalidze.

Poche (1926) divided his snbsubelass Tanioinei into four
orders, one of which he named Tweniidea ; it contained two
suborders, viz., (1) Phyllobothriine (including the families
Onchobothriidae, Phyllobothriidwe, Lecanicephalids, Proteo-
cephalide, Monticelliide, and Polypocephalidie), and (2)
Teniine. .

Woodland (1927) united the orders Trypanorhyncha and
Tetraphyllidea, together with the family Proteocephalidm,
into one order, for which he retained the name Tetraphyllidea,
In this order he recognized three families, viz,, (1) Phyllo-
hothriid® (sens. nov.) (including, with or without distinction,
the old'families Phyllobothriidwe and Onchobothriide, (2) Pro-
teocephalidm, and (3) Tetrarhynchide (=Trypanorhyneha).

Pintner (1928) does not recognize the order Tetraphyllidea,
but he ineludes the following families, along with others, in
his order Cestodes, s. str., viz., (1) Tetraphyliida (presumably
including the old families Phyllobothriid®and Onchobothriidz),
(2) Proteocephalide (=Ichthyotwniide). He split the family
Lecanicephalida: Braun, 1000, into three new families, viz.,
(3) Tetragonocephalide, (4) Cephalobothriid (5) Balano-
bothriide. '

For a fuller account of the history of this order, see South-
well, 1925. In this volume the superfamily is divided into two
families, viz., Phyllobothriidm and Onchobothriide, and
tWo new superfamilies are erected for the two families Lecani-
eephalidse and Proteocephalidz,

o
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Superfamily ITT. Phyllobothrioidea, nov.
Synonyms :—Section Tétraphyllides van Ben,, 1849,
Seotion Tétraphylles van Ben,, 1850,
Family. Tetraphyllidea Caras, 1863,
Order Tetraphyllidea Luhe, 1910, pro parfe,

Scolex armed or unarmed, composed of very mobile both-
ridia, which are either sessile or pedunculated, and which may
have their surfaces split up into areole, with or without
aceessory suckers. The head may also bear a terminal sucker ;
a pseudoscolex may be present in addition to a scolex ; neck
present. or absent. Strobila definitely segmented ;' usually
segments are shed before they are fully ripe, in which case they
ripen and become gravid in the intestine of the host. Genital
pores marginal, :

The longitudinal muscles either occupy varying proportions
of the cortical parenchyma in the form of rather large compact
bundles or are feebly developed, the separate fibres heing
seattered irregularly in the cortical tissne, A primary uferine
pore, situated ventrally, is nsually absent but may be present ;
& secondary uterine pore. or pores, due to atrophy of the
ventral body wall leading to dehiscence, ocenrs in some species
in which true uterine pores are ‘absent. Vitelline glands in
two lateral fields, occasionally extending across the whole
surface of the segment, situated in front of the ovary, but
portions sometimes extend posteriorly to it. Ovary butterfly-
shaped superficially; egg-swallowing apparatus usually present.
Shell gland posterior, nsually situated between the lobes of
the ovary. FEggs thin-shelled, not operculated, spindle-shaped
or round, often with filaments. Parasitic in elasmobranchs.

Key to Families.

SEOIEXNATIE L . . v oeiiaine o se pir bl Phyllobothxi?d:a, P 1:2’5.
Seolex armed with hooks . ..<... Aok Onchobothriida, p. 294,

Family I. PHYLLOBOTHRIIDE Braun, 1900.

Synonym :—Tribe Phillobothriens van Ben., 1850.

Van Beneden defined this tribe as follows :—* The bothridia
are fleshy (soft) and do not possess anything in the nature of
hooks or spines. The genera are based on the modification
of the bothridia, the absence, presence, or the form of the
hooks.” Itisto be noticed that the latter part of van Beneden’s
statement is curiously at variance with the former part, as the
bothridia in this tribe or family are unarmed.

Braun (1900) defined the characters of the Phyllobothriidze
thus :—* Head unarmed, with four sessile or pedunculated
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bothridia which are either simple, complicated, or divided up
into areol®, or furnished with accessory suckers. Neck present
or absent. Genital pores marginal, regularly or irregularly
alternating. Eggs often spindle-shaped. Segments frequently
separate from the chain before maturity.”

Van Beneden (1850) erected three new genera in this family,
with the following characters :—

(1) Eeheneibothrium.—The four bothridia of the scolex are
borne on long, protractile pedicels. They are extraordinarily
variable in form, and are distinguished by the regular folds
which develop along the whole length of these organs and
which make them resemble the suckers on the head of fish
of the genus Echeneis,

Type-species -—FEcheneibothrium minimum van Beneden,
1850.

(2) Phyliobothrium.—The four bothridia are sessile and
carved out of the head ; they are extremely mobile, and are
curled like the leaf of a lettuce.

Type-species -—Phyllobothrium lactuca van Beneden, 1850.

(3) Anthobothrium.—The four bothridia are hollow in the
middle and have the shape of a vase or a monopetalous flower,
or they may extend like a rounded dise borne on a long, pro-
tractile pedicel. The margins are not curled like a leaf, and
parallel folds are not formed.

Tyvpe-species —Anthobothrium  cornucopic van Beneden,
1850.

At that time, when only two species of each of the above
genera were known., the distinction between them was well
defined. Thus the genus Hcheneibothrium included those forms:
in which the entire surface of the bothridium was split up into
loculi by the development of transverse or longitudinal septa.
The genus Phyllobothrium was distinguished by the fact that
the bothridia were sessile and curled or folded like a lettuce
leaf, whilst in the genus Anthobothrium they assumed the form
of a horn or vase. ;

Since then a large number of species belonging to this family
have been described, and these show a very wide range of
variation in the form of their bothridia, intermediate in
character between the generic types defined by van Beneden.
Tt has been the experience of all helminthologists who have
devoted time to the study of these forms that it is impossible
in most cases to decide to which of the latter two genera a
particular species belongs, except in the case of Phyllobothrium
lactuca, which i characterized by being much more gross and
fleshy than other species of this group. Not only is this so,
but species are known in which the margins of the bothridia
are provided with a continuous series of loculi which, when
the hothridium is unduly extended, may easily be mistaken
for that of a speces of Echeneibothrium. Linton (1889)
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included such species in a new genus to which he gave the
name Crossobothrium.

Beauchamp (1905) points out that, owing to the absence of
hooks in this family, and to the variable form of the bothridia,
great confusion exists in the nomenclature, especially with
reference to the characters of the genera as defined by the
different authors, each author * Interpreting the generic
characters after his own fashion and fitting different species
into them.” Beauchamp did not define the family, but he
distinguished two types or tribes which comprise the entire
family, viz. :—

(1) Phyllobothriens, the characters of which he did not
describe ; the type-genus is Phyllobothrium van Ben., 1850,
characterized by having the surface of the bothridia plain
and not split up into areol®, although the margins may be
crenlate or differentiated in a variety of ways. He defined
the genus thus :—

* Phyllobothriwm.—Bothridia cireular or oval : often folded,
surface smooth, except sometimes at the edge ; often with an
accessory sucker ; myzorhynchus absent or rudimentary.™

(2) Echeneibothriens, the characters of which he did not
give.  Type-genus FEcheneibothrium van Ben., 1850, charac-
terized by having the surface of the bothridia split up into a
varying number of areol@. He defined the genus thus :—

* Keheneibothrium.— Bothridia elongated ; subdivided by
muscular ridges into oblong areole: no accessory suckers ;
myzorhynchus sometimes well developed.”

Beauchamp pointed out that the characters on which
the numerous genera of the Phyllobothriens were founded
had reference to (1) whether the bothridia were stalked or
sessile, (2) whether aceessory suckers were present or absent,
(3) the form of the bothridia, (4) the presence or absence of a
myzorhynchus ; and he stated that such characters are not
distinctive and are of no value because, as the hothridia are
extremely muscular and mobile, it was possible for the same
species to assume, both in life and when preserved, all the
different appearances intermediate between the Phyllobothrium
and the dnthobothrium type.

Linton (1924) writes :—

“Tn common with others who have attempted to classify
Selachian Cestodes, T have experienced much difficulty ‘yith
those genera of the Phyllobothriide which are clmractquod
by having a scolex with four unarmed bothria. each provided
with an auxiliary sucker at its anterior end, and without costa,

“The generic names which T have used for m_embers of thi‘s
group are : Anthocephalum Linton, Calyptrobothrium Monticelli,
Crossobothrium Linton, Monorygma Diesing, Orygmatobothrium
Diesing, and Phyllobothrium Beneden.

YO, 1. 5
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““ As T have interpreted these genera, they may be arranged
according to the following scheme :—
1. Auxiliary acetabula relatively small, borders
of bothria usually thin and flexible, often
folded or crumpled . . .ooouu il 2.
Auxiliary scetabula more or less cup-shaped .. 3
2. Bothria in pairs, leaf-like with crenulate

B A = e ey e N Tremttiae Plyllobothrun.
Bothria cruciform with crenulated bovders., .. cnthocephalum,
Bothria ernciform, borders not erenulate. ... .. Crossobuthriun.,

8. Bothria with sphincter muscle an horder ... . Oryygmatobothriun.
Bothiria plain, acetabula capshaped ... ... . Monorygma.
Acetabulis large, horseshoe-shaped . ... ... Calyptrobotlyivm,

“ Consideration is not here given to two characters which
are usually mentioned in descriptions of these genera, that is,
the presence or absence of a myzorhynchus and the pedicelled
or sessile condition of the bothria.

* As to these features, it may be said that whether the
bothria are pedicelled or not is often very difficult to deter-
mine in these strongly contractile forms, unless one has seen
them when they were actively mobile. Furthermore, the
presence or absence of a myzorhynchus, unless it is represented
by a permanent sucker as in Echeneibothrium, is of little
importance, since it is an evanescent structure found in a
variety of larval forms, as, for instance, Scolex polymorphus,
and may be retained, more or less discernibly, in scoleces
which have developed strobiles.

“ 1t is significant that Zschokke, in his admirable Mono-
graph, gives evidence of the unsettled state of the systematic
relations of such forms as are here being considered, as, for
example, Orygmatobothrium (Phyllobothrium) dohrnii Octley
and Anthobothrium (Orygmatobothrivm) musteli van Beneden ;
other examples could be cited.

“The material which I have does not warrant an attempt
at the revision of these difficult forms, The foregoing observa-
tions are made in the hope that they may prove of assistance
to future workers.”

The similarity of the genitalia of the various species of this
family is 50 great that it appears impossible to utilise these
organs as & basis of classification except for the differentiation
of species, and the same is true with regard to the vitelline
glands and the musculature. The characters of the head,
therefore, at present assume considerable importance for
purposes of classification,

The writer in 1925 retained van Beneden’s three genera, and
stated that the genera Phyllobothrium and Anthobothrium were
10 be distinguished by the fact that in the former each both-
ridium hore an accessory sucker which was absent in the
latter. He pointed out at the time, however, that, owing to



PHYTLT,OBOTHRITAL. 179

the folding of the bothridia, these suckers are often very
difficult to locate, and he is now satisfied that as a differential
generic character such a small point is both inadequate and
unsatisfactory. They are accordingly united, and only two
of van Beneden’s genera, viz., Fcheneibothrium and Phyllo-
bothrium, are recognized.

Characters of the Family Phyllobothriide Braun, 1900.

Synonyms :—Tribe Phyllobothriens van Ben., 1350,
Subfamily Phyllobothridea Carns, 1363,
Subfamily Phyllobothria Leuckart, 1886,

Head unarmed, with four pedunculated or sessile bothridia,
which are simple, complicated, or divided up into arcole, or
furnished with accessory suckers. Neck present or absent.
Genital pores marginal, unilateral, or regularly or irregularly
alternate ; eggs often spindle-shaped ; segments frequently
separate from the chain before maturity. Type-genus:i—
Phyllobothrium van Ben., 1850.

Key to Genera.

1. Bothridia globular or ecylindrical,
hollow and open at both ends ... Prrgopsorcs, p. 231,
Bathridium not a hollow eylindrical

L L Y e e 0 2, s [p. 225,
2. Myzarhynchus armed with suckers .. MYZOPHYLLOBOTHRIUM, s |
Myzorhynchus, even when present, not
armed with suckers .......... s N
3. Entire face of bothridium divided into
JOomi . i s s R «voi..  LOHENEIBOTHRIUM, p. 200,
Entire facs of bathridium not divided
npanto el i e 4

4. Bathridia simple or complicated, with
or without minute loculi round their
marging.  Accessory suckers present
orabsent ....... e e PryLroBaTHRITN, p. 179,
Proximal portion of each bothridinm
cylindrical, bearing two semicir-
cular flaps at its distal extremity,
marging with small loculi. Acces-
sory suckers abgent L, .....e0eeee . Canvonorarivs, p. 220

(zenus [, PHYLLOBOTHRIUM van Leneden, 1350,

Synonymy extensive, ineluding the following :—Anthobo-
thrium van Ben., 1850 : (Crossobothrium Linton, 18890 ; Antho-
cephalum Linton, 1800 : Rhinebothrium (ceylonicum) Shipley &
Hornell, 1906,

The original description of this genus was as follows :—
“ The four bothridia are sessile, cut out on the external face
of the head and enjoying very great mobility ; they are curled
and folded like the leaves of a lettuce.” Type-species :—Phyllo

bothriwm lactuca van Ben., 1850, from Musielus vulgaris.
N2
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According to Braun (1900) the characters of the genus
are as follows :—* Bothridia sessile, large, with free margins
strongly folded. Sometimes with anterior accessory suckers,
Neck long.”

Linton described the genus thus :—" Body articulate,
tenizform, head separated from the body by a neck, with
four opposite sessile bothridia, each bothrium lacim'o-cnsp.?to
on the margin, and provided with a single ampulla-like
supplmental disc. Genital apertures marginal.”

The characters of the genus are emended as follo\_vs G

y segmented. The head bears four bothridia, which in
one (or two ?) species are large and fleshy ; they may be sessile
- or pedunculated, and their surfaces may be simple or curled
and folded ; their margins may be entire, frilled, and crenulate
or they may besr minute sucker-like organs. Accessory
suckers sometimes present and situated either antgnorly, or
laterally, or near the centre of the bothridium ; in species
with fleshy bothridia they are sometimes difficult to locate.
Neck present or absent ; genital pores marginal. Parasitic in
elasmobranch fishes, reptiles and mammals. Type-species i—
Phyllobothrium lactuca van Ben., 1850.

Key to Species of Phyllobothrinm.
1. Each bothridium divided into two 2,

Each bothridium not divided into two,... 3. ; >
2. Each bothridium hinged in the middle .. 2. dintoni, p. 197,
Bothridia not hinged in the middle . ..... P dagnalli, p. 200.
3. Each bothridium with a marginal row of 3
locult: IS0 e TS AL P, variabite, p. 187,
Bothridia without murginal loculi,....... 4
4. Myzorhynchus prominent, bothridin thin,
eaf-like .., ...,

o P, tumidum, p. 189
Myzorhynchus absent b

o,

D R R S R )
b

9. Pores umilaternl . ... TR AR L
Pores irregularly alternate , . . ... AR

6. Large wornis; bothridin  shallow, cup-
like ; accessory suckers absent ........ B

Small worms; bothnidia with large ne-
cessory suckers ..., BI81o 00! Tiolee srele ST
7. Head globular, fleshy, up to 6 mmn. in
breadth ; separate bothridia and ncees-
sory suckers difficult to identify........ . lactuca, p. 181.
Hend not globular or fleshy . R S TR p
B Wors 15 to 30 e, in length ... .....- £ gigantenm, p. ISU‘.
Worms nhout 1 cm.in longth .. .., ....- P, floraforme, p. 195.
9. Bothridia flat, membranous, ill defined ;
with ragged margins; without aceessory
e R R e
Four bothridin well defined, eoh with
An necessary sucker |
‘our  bothridin well defined, without
decessory sucker ; minute worms 3 mm.
inlength .......ovivieiiiiannsiesss Dmicrosemum, p, 205,

P, minutuwm, p. 194,

L. panjads, p. 195.
P. foliatum, p. 100,
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(1) Phyllobothrinm lactuca van Ben., 1850, (l'igs. 66, 67, &
63.)
Synonyms ;—Rhinebotlotum coylonicion Shipley & Hornell, 1900.
I’ﬁf{:{::slofhr‘:'lltlx compactum  Southwell & Prashad,

From Dasybatus Lukli, D. walge, and Galeocerdo arcticus,
Pearl Banks, Ceylon. Southwell.

The worms measure up to 6 or 7 em. in length and have &
breadth of about 4 mm. ; they are composed of numerous
segments, most of which are broader than long; the last
ones frequently assume a length of 5 mm. or more; the
genital apertures are marginal and irregularly alternate ; their

Fig. 66.—Phyllobothriwm loctuca.  Hoad, megnification unlmown.
(After yan Beneden.)

position varies according to the state of contraction of the
segments ; they may lie anteriorly to the middle or pos-
teriorly to the middle.

Head. The head is massive, almost globular, and bas a
diameter of about 6 mm. or more: it consists of four very
large sessile bothridia whose margins are curled and folded
like the leaves of o lettuce. In his original figure van Beneden
did not show accessory suckers, but in a later paper (1858) he
stated that the margin of each bothridium bore an accessory
sucker, which he figured. Accessory suckers were seen on the
bothridia in the specimens described below, exeept in two or
three cases,

The muscular system is strongly developed and consists
of stout bundles (which are not subcuticular), internally to

’
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which lies a well-defined layer of circular fibres, dividing the
parenchyma in'o cortex and medulla (fig. 67). In fact, the
musculature resembles that of a worm like Tenia crassicollis.
Testes. The testes consist of numerous rounded structures
occurring from near the anterior portion of the proglottid to

Fig. 67.—Phyllobothrium lactuca. Transverse sections of : A, immature,
B.. mwature, and (, nenrly gravid segments, abowing gradual
disappearance of longitudinal musculature; X 34, (Orig.)

behind the genital opening. They occeupy the central field, and
are situated at a much deeper level than the vitelline glands
which lic external to them. HRach testis is about 50 p in
diameter, and is much smaller than shown by van Beneden:
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moreover, the number of testes in each proglottid is much larger
than indicated in his figure.

Vas deferens. From each of the testes arises a fine tubule,
and the ducts from the various testes unite together to form
a single median vas deferens. This is a very much coiled,
elongated, tubular structure which continues to the cirrus
§ac : the terminal portion forms the ejaculatory duct, and the
outer end of the tube is continuous with the outer extremity
of the cirrus sac. At the time of protrusion the ejaculatory
duct is a double tube, the outer one being the everted part
of the cirrns sac, while the inner is the terminal portion of the
vas deferens. This evertible portion—the penis or the eirrus—
18 unarmed.

Ovary. The ovary consists of two large lobes lying one on
each side of the centre ling, near the posterior end of the
segment ; they are connected with each other by a median
isthmus. Each of the lateral halves is double as has been
described by Haswell for P. vagans. The margins of the
ovary is very much crenated.

Fig, 68— Phyliobathrivm lactuca, Head, X 5.
(After Shipley and Hornell.)

Oviduct. The oviduet begins ventrally to the ovarian isthmus
in a pouch-like structure which 1s known as the “ swallowing
apparatus.”  From the swallowingapparatus the oviduet runs
backwards ventrally to the shell gland and the receptaculum
seminis and then curves upwards to the dorsal surface; 1t then
continues forwards dorsally to the vagina and the isthmus of
the ovary where it ends blindly. In its course it receives,
just before curving upwards. the fertilizing duet from the
receptaculum seminis. The vitelline duct opens into it & little
anteriorly. The distal portion of the oviduet (which has been
designated the ottype, or primary uterus) joins the secondary
uterus by a longitudinal slit on the ventral surface of the
latter organ.

Vagina. The vagina opens immediately in front of the male
pore by a fairly broad aperture into the shallow genital
pit, which is situated nearer the posterior than the anterior
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extremity. Its terminal portion is swollen to form a: barrel-
shaped structure which probably serves for thé storage of
spermatozoa until they can find their way to the bag-like
receptaculum seminis at the end of the sinuous vaginal duct.
From the barrel-shaped dilatation a thin tube leads backwards
and upwards. A little above the origin of the main vas deferens
this tube curves backwards and is continued dorsally to the
secondary uterus ; eventually, below the isthmus of the ovary,
it is dilated to form the vesicula seminalis. From the bay-
like receptaculum seminis the fertilizing duct leads to the
oviduet, as has already been deseribed.

Vitelline Glands. The vitelline glands are situated laterally
and externally to the longitudinal musoles. They are ovoid
structures 400 in diameter. A fine duet leads from each
glandular unit ; these tubules then unite into two ducts, one
on either side, and the pair further unite to form a median duct
which opens into the ovidnet a little below the shell gland.

Shell Gland. "The shell gland is a compaet structure surround-
ing that portion of the oviduet which is sitnated a little in
front of the opening of the vitelline duct into the oviduct.
As seen in sections, the shell gland appears to be connected
with the oviduet by minute tubules. through which the
secretion flows,

Uterus. The uterus is a large elliptical chamber extending
from close to the isthmus of the ovary to very near the
anterior end of the proglottid. Tt has no external aperture,
and the dehiscence of the proglottid probably takes place
in the same manner as has heen described by Haswell for
P. vagans ; in segments still attached it is, however, only a
tubular structure without anv egus, and only develops fully
after leaving the ¢hain. A

Rhinebothrium ceylonicum Shipley & Hornell, 1906,

““ Although the stalks or pedicels of the bothridia (if, indeed,
they exist at all) must be very short, the specimens about to be
described seem to us to boloni.k to Linton's genus Bhinebothrium,
The head bears four fleshy bothridia at the four angles, back
to back. Each bothridium is divided into two halves, as in
RE. flexile Linton, by a longitudinal groove, and each half
bears a number of horizontal slit-like arcolas placed trans-
versely. The number of these arcolas was not exactly made
out, but is somewhere about twenty. The whole recalls a rasp,
after which the creature takes its name. In the preserved
specimens. of which only two were taken, the head was rather
broader than it was long, its greatest breadth being 4 mm,
Judging from the figure taken of the head whilst alive, the
length about equalled the breadth. TIn the living form also the
bothridia seem more clearly distinet from one another and from
the head ; in the preserved form they have all shrunk together,



PHYLLOBOTHRIUM, 185

“The length of the body of our longer preserved specimens
o 18 5 cm., but, as in both, the tail is curved up in the lateral
plane, and perhaps, if uncoiled, the length would be 58
or 6 em, Wlhen alive, it measured 9 inches. The body is stout
and wide, Our second specimen—algo giving off mature
proglottids—was a little more than half this size. In the
middle, which is the widest portion, it is 3 mm. broad, and it
tapers away slightly both in front and behind. Tt is 2 mm.
thick and is very stiff and firm in the preserved condition.
“The neck 1§ short, and the proglottides are at first very
narrow from front to back. There seems to be a curious false
strobilization whereby five or six segments are grouped to-
gether, but this may be an individual character, The posterior
angle of each proglottis was salient, and projected slightly
over the succeeding proglottis. Only at the hinder end are the
proglottides as long as they are broad, and only the last three
or four are longer than they are broad. The incurved tail
seemed characteristic, at any rate it occurred in both our
specimens, The body was too thick and too opague for us to
‘make out any details of the internal anatomy.” (Shiplcy &
Hornell.)
The author obtained a total of eleven specimens of this
) ite on three occasions from the intestines of Dasybatus
Euhli, and once from the intestine of D, walga. They were
examined immediately after preservation and provisionally
referred to the above species. As a result of a careful re-
examination of these specimens it is now clear that although
each bothridium appeared to be divided into two halves by
a longitudinal groove, each half bearing a number of horizontal
glit-like areolx placed transversely. this appearance is quite
misleading ; it is caused by the folding and frilling of the
somewhat thickened margin of the bothridium in precisely
the manner shown by van Bencden in Phyllobothrivm lactuca.
The appearance of the head is subject to considerable variation,
but the author is satisfied that the specimens referred by
Shipley and Hornell to Rhinebothrium ceylonicum, and also the
eleven worms provisionally referred to the same species by
the present author, are nndoubtedly examples of P. lactuca
van Ben. The anatomy of these latter agrees in detail with
that of P. lactuca. .

Phyllobothrium compactum Southwell & Prashad, 1920.

The head has a very compact appearance owing to the sessile
nature of the large, fieshy, and well-developed bothridia. The
edges of the bothridia are slightly crumpled and no accessory
suckers could be seen, The writer is now of opinion that,
although an accessory sucker could not he seen, this species
is identical with P. lactuca.
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(2) Phyllobothrium giganteum (van Ben., 1858). (Fig 69.)

Synonyms :— Anthobothrivm gigantewm van Ben., 1858
Anthobothrivm rugaosum Shipley & Haornell, 1906,
From Dasybatus walga, Pearl Banks, Ceylon. Hornell.
“This species is characterized by the peculiar shape of the
bothridia, each bothridium having a transverse orifice like

3
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Fig. 69.—Phyllobothrium gigantewm. Head and neck, x 5.
(After Shiploy and Hornell)

that of a plagiostome fish. The bothridia are quite round, and
look like the suckers ofa pedunculated tmnia. The neck is
fairly long. Segments appearslowly, and in the adults they are
a little longer than broad ; when detached they are concave
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posteriorly- Genital pores unilateral ; the cirrus is very long
and without rugosities. Parenchyma fills up the middle of the
segment ; the eggs are shaped like a spindle. Length of worm
15 em; posterior width 2 to 3 mm.; bothridia 1 mm.
Found in the intestine of Galeus canis. This species differs
from A. cornucopia in the absence of lobules ; it is distinguished
from A. musteli by its shape which is more robust, and by its
bothridia which are always rounded. Its shape resembles
that of A. perfectum, but the bothridia of this last gpecies are
always boat-shaped with a sucker at the apex, and the eggs
in A. perfectum, although they are somewhat elongated, are
not spindle-shaped.” (van Beneden.)

Anthobothrium rugosum Shipley & Hornell, 1906.

Worms up to 30 cm. in length with four bothridia, each
borne on a short stout stalk. Each bothridium consists of &
bag-like sucker having puckered margins ; the head looks like
a pressed flower. Neck about 6 mm. in length. The authors
pointed out that “ the species is distinguished from A. cornu-
copia and A. musteli van Ben. by the wrinkling of the both-
ridium and the shape of the body, and from A. elegantissi-
mum Lonn., by the absence of a myzorhynchus, ... Its
most striking characteristics are the crumpled suckers, the
stout neck and the longitudinal museles.” The writer con-
siders it identical with 4. gigantewm van Ben.

() Phyllobothrium variabile (Linton, 1889). (Figs. 70,71, &
72.)

Synonyms - Spongiohothrium variabife Linton, 1889,
Foheneibothrinm simpley Shipley & Hornell, 1806

From Dasybatus Euhli and D. walga, Pearl Banks, Ceylon.
Hornell ; Southwell.

Linton (1889) described the genus Spongiobothrium as
follows :—'* Body articulate, tenieform. Head separated
from body by neck. Bothria four in lateral pairs, pedicelled,
with crisp-folded or auriculate edges which are crenulate,
and the auriculate flaps finely costate on account of a marginal
row of loculi with muscular borders; unarmed and without
transverse costwe on face. No myzorhynechus, no supplcmental
dises.  Genital apertures marginal.”  He states that “.the
genus combines many of the characters of Echeneibothrium
and Phyliobothrium, 1t differs from the former in the lacinise
of the bothria and in the absence of a terminal haustellum ;
from the latter in having pedicelled instead of sessile bothria,
and in the transverse cost@ on the bothria. ... The crisp-
folded edges of the bothria produce an effect which suggests
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Leuckart's Bothriccephalus (= Anthobothrium auriculatum var,
centrifolium Dies.). The costate flaps suggest relationship,
to Rhinebothrium.’”

Linton’s specimens of A, varigbile ranged in length from
21 to 9 em. ; a short neck was present. The four bothridia
were pedicelled, fan-shaped, in lateral pairs, their faces and
margins having numerous frill-like lobes which are sometimes
gathered into a more or less compact mass of crisp folds,
sometimes expanded into long, curved, auriculate or leaf-like
flaps. The borders of the bothridia bear a row of small loculi
which give & crenulate effect to the marging and a costate
appearance to the auriculate flaps.  Genital pores in a marginal
depression in the posterior third of the segment. Linton
stated that the ovary consisted of two sets of radiating tubes
sitnated in the posterior end of the segment, the testes being
crowded into the anterior half. The centre of the segment iz
occupied by the convoluted vas deferens ; the cirrus is densely

Fig. 70.—Phyllobiothrium vaviobile. Heads, < 10,
{After Linton.)

covered with spines. There is a large vaginal sinus measuring
200 g in length.  Linton also mentioned the presence, in free
proglottides. of a large oval aperture (for the escape of ova)
in the lateral face of the segment, which measured 400 by
300 pr.  The living ova measured 180 p in diameter, and each
congisted of a transparent globular pellicle within which were
from three to five granular masses which seemed to be nuclei
undergoing normal development ; each granular mass had a
diameter of 20 .

Specimens of this parasite have been obtained from the
intestines of Dasybatus buhli, Pear] Banks, Cevlon.  Southwell,

The characteristic foature of this species is the presence of an
enormous genital pore and atrium, situated laterally in the
posterior quarter of the segment. As a result, the cirrus
pouch is in close proximity with the apex of the poral ovarian
Ohe,

Testes. These vary in number from about thirty-four to
forty, and are situated in the median field in front of the ovary ;
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when fully developed they have a diameter of about 40 p;
«they persist to the last segment.

Vas deferens. The cirrus pouch is small, lies posteriorly to
the vagina, and immediately in front of the aporal lobe of the
ovary, which it practically touches ; in no case was the cirrus
everted, and it was impossible to decide whether it was
armed or not. The vas deferens on leaving the pouch turns
anteriorly and forms a dense median coil near the antero-
posterior extremity. Seminal vesicle absent.

Ovary. This is a bilobed or U-shaped organ situated pos-

Fig. 71.—Phyllobothrism variabile, Mature segment, X 75.
(After Sonthwell.)

teriorly and composed of large, irregularly shaped acini. As
noted above, its poral limb extends to the cirrus pouch.

Vagina. From the pore the vagina runs in front of the
cirrus pouch as a slightly dilated tube. At the extremity of
the pouch it turns and runs to the ovary, dilating near the
latter organ into a small receptaculum seminis. On account
of the pore being situated posteriorly the whole vaging is very
short ; shell gland apparently absent. -

Vitelline Glands, These lie along each lateral margin and
consist of a dense mass of clongated acini, having their long
axes transversely to the length of the segment.
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Uterus. At first this consists of a simple tube runming
anteriorly in the mid-antero-posterior axis; its posterior
extremity is in communication with the oviduct; later on
it becomes coiled and dilated, and extends to the extreme
anterior margin of the segment. Proglottides containing a
well-developed uterus have not been obtained.

Tho form of the bothridia and the presence of a large genital
atrium in the posterior part of the segment leave no room for
doubt that these specimens are identical with Spongiobothrium
variabile Linton, 1889,

Echeneibothrium simplex (Shipley & Hornell, 1906).

Strobila 2 em. in length and consisting of about 100 segments,
The head carvies four stalked bothridia, each shaped like

Figg, 72— Phyllobothrium variabile. Head, X 35.
{After Shipley nnd Hornell.)

a violet-leaf : the edge of each is divided by horizontal ridges
into about twenty-two arcole ; there is no myzorhynchus or
neck : genital pores lateral and irregularly alternate. Only
the last 6 or 7 segments are longer than broad. It seems
extremely praobable that Shipley and Hornell's species is
identical with that described by Linton.
(4) Phyllobothrium foliatum Linton, 1590,  (Figs. 74, 74
75, & 76.)

From Rhynchobatus djiddensis, Pearl Banks, Ceylon.

Southwell.
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The largest worm measures 12-5 cm. in length and the
maximum breadth is I-4 mm., and is composed of a large
number of segments (over 400) : the last one (mature, but not
gravid) measures about 18 mm. in length and 1:3 mm. in
breadth. The genital pores are irregularly alternate and are
situated slightly in front of the middle of the lateral margins
of the segments.
The neck is about 7 mm. in length.

Fig. 78.— Phyllobothrinm foliatum, Hood, viewed en face, x about 20.
(After Sonthwell,)

Head. The head bears four flattened bothridia which assume
a variety of forms, Usually they are quite flat, and have the
shape of a quadrant of a circle. They are thin and leaf-like
and have one face quite smooth. The other face bears a
number of ray-like projections figured by Southwell and
Prashad in 1920. Each bothridium bears a prominent
accessory sucker having a diameter of 250 p and situated
just where it joins on to the neck.
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They have a maximum length of about 2 mm. and a
maximum breadth of about I-5 mm. The largest head had
a length of 4 and a breadth of 4 mm.

. Nervous System. In transverse sections a single Jarge nerve
can be seen running longitudinally externally to the two small
excretory vessels. It is not known whether the genital duets
pass dorsally or ventrally to the nerve.

Exeretory System. There are two small vessels of about
equal size in yvoung segments running along each lateral margin.
In mature segments the ventral vessel is much larger than the
dorsal vessel. The genital ducts pass between them.

Fig. T4~ Phyllobothyivm foliatum. View of buck of head, X about 20,
{After Southwell.)

Muscular System. Iramediately below the euticle there is a
number of well-developed bundles of dorso-ventral fascize.
Internally to these are the numerous small, elosely packed
bundles of longitudinal fibres. Cireular muscles are poorly
developed.

Testes and Vas deferens. The testes are numerons and occupy
the central field extending on both sides posteriorly to the
cirrus pouch, The latter is very large and prominent, and
opens into a marked genital sinus which is covered with

e ey
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rclatlvely_lnrge spinules, Within the cirrus pouch the vas
o deferens. is very long indeed, and forms a series of close

Fig. 75.—Phyllobothrinm foliatunt. Transyerse section of almost
=3 o
matare pegment, X 50, (After Sonthwell)

coils. It appears to be covered with cilia throughout its
length. The cirrus is armed with spinules and has an enlarged

Fig. 76. —~Pl-[lU-)ban‘lmn foliatum, Mature sogment, X 5.
(Aftor Sonthwell,)

.
» cirrus pouch, in
becomes thickened

0

extremity. Immediately on lenvi.ng th
the median direction, the vas deferens
YOL. 1,




194 PHYLLOBOTHRIID .

and thrown into a series of coils which are enclosed in a
prominent saec, the external seminal vesicle, situated anteriorly .
in the longitudinal axis.

Ovary and Oviduct. The ovary is bilobed, prominent, and
situated posteriorly. The oviduct runs in the median longitu-
dinal axis as a very long and coiled spiral tube; it passes
anteriorly to the cirrus pouch and dilates into a large vesicle
immediately before opening into the genital sinus. No recep-
taculum seminis was seen; if present it is very small. There
iz a large shell gland situated between the lobes of the ovary.

Vitelline Glands. These cover almost the whole of the dorsal
and ventral surfaces, but they are most condensed laterally.
A rudimentary uterus extends as a small elongated sac in
the longitudinal axis.

(5) Enyllobothrinm minutum Shipley & Hornell, 1906,
(Fig. 77.)
From Carcharias melanopterus, Pearl Banks, Ceylon.
Hornell.
The worm measures about 8 mm. in length, 300 yx in breadth,
and contains from 80 to 100 proglottides. The neck is long

¥ig. 77.- Phyllobothrivm mimttum,  Head, X 80,
(After Shiploy and Hornell)

and hair-like. The head iz small and bears four bothridia
each with a large accessory sucker or areola situated near
the centre.  The edges of the bothridia are erumpled, at least
slightly so. The anterior proglottides are a little broader than
long, but the posterior ones are at least one and a half times
longer than broad. The reproductive pores are unilateral.

* This species is distinguished by the presence of a large
aceassory sucker near thé centre of cach bothridium. (After
Shipley and Hornell.)
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{6) Phyllobothrinm panjadi(Shipley & Hornell, 1909). (Fig. 75.)
SYRONY It Antholiothrium erispum Shipley & Hornell, 1906.

3 From (1) &tomyleus maculatus and (2) Stoasodon narinari,
N re 1
(grl Banks, (.4)‘\.'[0[1. Hornell : SOllt]lWC“-

A few Specimens of this species were taken from the

intestine of Myliohatic 1maeulata. For elasmobranch cestodes
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Fig. 78, —Phyllobothrium panjadi. Mature segment, X 69,

{After Southwell.)

they are ,l‘“'g“ tapeworms, reaching a length of 8 or 9 cm,
The head is 35 mm. in diameter. It is produced into bothridia
whose edges are much crumpled, frilled, fringed, and sub-
divided. In some cases the subdivision extends a good way
towards the pedicel, and gives the head the appearance of
consisting of siX or eight bothridia. The pedicels are very
short and the bothridia seem to be almost sessile. No
myzorhynchus was visible. 5

02
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“The neck is very long, and even quite posteriorly the
proglottides show very little demarcation. There is no
indentation of any sort. The line which separates one
proglottis from its neighbour is usually clear and sharp in
the centre, but it hardly reaches the sides of the tapeworm.
These latter are quite smooth, and, except that the body
slightly increases in thickness, they would be quite parallel.
The neck is about 700 n in width, the posterior part of the
body 1 mm. in width.

“The specimens did not stain well, and all that could be
made out was an L-shaped structure, of which one arm repre-
sents the reproductive ducts running to the pore and the other
arm the uterus. The reproductive pores are irregularly
alternate. Thig form 15 much more slender than the A.
rugosum of Trygon walga, and the bothridia are less stalked.”
(Shipley & Hornell.)

The genital pores are marginal, irregularly alternate, and
are situated in the anterior third of the segment. The margins
of the segments are straight ; the last segment measures
I'4 mm. in length and 800 p in breadth. The neck is very
long. Details of the muscular, excretory, and nervous systems
ar¢ not known, but in segments mounted whole the longi-
tudinal fibres are very prominent.

T'estes. In immature segments the testes are crowded
together in two antero-posterior areas, one on each side of the
median axis; they spread out a little when mature. The
number of testes is about 100 : when fully developed they each
have a diameter of about 36 .

Vas deferens. The cirrus pouch lies posteriorly to the vagina
and is pyriform in shape, extending to the middle of the
segment. The cirrus is also pyriform in shape, with the
pointed extremity lateral ; it is unarmed. Behind the eirrus
the vas deferens is wide and forms a few coils inside the pouch.
Outside the pouch it turns anteriorly and forms a number of
dense coils almost in the median antero-posterior axis. No
seminal vesicle was observed.

Ovary. This is a massive bilobed organ situated posteriorly
and made up of rounded acini.

Vagina. From the pore the vagina runs anterior to the
oirrus pouch and is dilated ; at the median extremity of
the latter organ it narrows and turns sharply posterior,
running in the antero-posterior axis as a coiled tube.
Near the shell gland it dilates into a small receptaculum
Seminis.

Shell Gland. This is a conspicuous organ, measuring about
70 u, sitnated between the two lobes of the ovary.

Vitelline Glands. These consist of a dense mass of acini
lying along each lateral margin. The acini are almost linear
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in outline and closely crowded together ; they lie both external
and median to the water vessel.

Uterus. The rudiment of the uterus is very prominent
even before the testes are fully developed.  In mature segments
1t is a saccular organ extending anteriorly just beyond the
eirrus pouch. Apparently the oviduct opens into the uterns
posteriorly. No ripe segments were seen.

The form of the bothridia, the long neck, and the anteriorly
placed genital pore leave little room for doubt that the specimen
deseribed above is identical with A. panjadi (Shipley & Hornell),
1909 (== A. erispum, Shipley & Hornell, 1906).

As the name crispum was occupied for a speecies created
by Molin in 1858, Shipley changed it to panjadi in 1909.
The species resembles P, tumidum Linton, except that it bears
no accessory suckers.

(7) Phyllobothrium lintoni (Southwell, 1912).  (Iig. 79.)
Synouym :— Spungiobothrinm lintons Southwell, 1912,

From (1) Rhynchobatus djiddensis and (2) Urogymnus
asperrimus, Pearl Banks, Ceylon. Southwell.

“The head consists of four bothridia with a row of tiny
loculi round the edges. Each bothridium is roughly oval in
shape, and is suspended by a rather short stalk.  Opposite
the point of attachment each appears to be almost
divided transversely into two halves and their edges are
indented. Placed centrally and opposite to the point of attach-
ment is a minute flask-shaped depression on the face of cach
bothridium, which at first was mistaken for a sucker. Careful
examination, however, showed that the two halves of a both-
ridium are capable of movement, simulating the movements
of the parts of a hinge. When the two faces of the two parts
of the bothridium are opposed, the central depression is notice-
able, but when they are separated from cach other and flat-
tened, this structure is hardly visible under a low power. In
shape the bothridia resemble those of Rhinchothrium insignia
Southwell, but the areol are very differently distributed. The
number of loculi round the margin varies greatly ; in some
specimens they are very pronounced, whilst in others they are
only found with difficulty. There are no transverse or longi-
tudinal septa and no myzorhynchus. The ayerage breadth
of the head ig 1 mm. and the length 600 . The neck is very
short, being about 400 p long and about 200 p broad; the
anterior half is usually clear and transparent. The length
of the worm i8 2 ¢m. The average number of proglottides
ig twelve. The first segment is square, or nearly 0 : they
rapidly elongate, however. The sixth segment 18 twice as
long as broad, and the last one is 4 mm. long and
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500 i broad. The sides of the proglottides are slightly
convex. The genital apertures are lateral and irregularly ,
alternate. Only the last two segments appear to be mature.
The penis is 600 y long, very narrow, with & bulbous base.”
(Southwell.)

This species differs from P. variabile (Linton) in (1) being
smaller, (2) having fewer segments, and (3) having each both-
ridium divided into two halves.

.

Pig. 79.—Phyllobothrinm lintoni. Entire worm, X 8.
(Aftor Sonthwell)
(%) Phyllobothrium floriforme (Southwell, 1912).  (Fig. 80.)
Synonym :— Anthabothpium floraformis Southwell, 1912,

From (1) Carcharias bleckeri and (2) Carcharias sp., Pearl
Banks, Ceylon. Southwell. :
The worm measures 9 mm. in length, 400 g in breadth, and
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is composed of about twelve segments. The head bears four

« bothridia each shaped like a shallow cup ; accessory suckers
absent. The neck is long ; the genital pores are irregularly
alternate and situated laterally in the anterior third of the
segment.

The writer in 1925 placed this species as a synonym of
Anthobothrium giganteum van Beneden, 1858 ; subsequent
examination of the species leads the writer to conclude that
it is distinct.

Fig. 80.—Phyllobothrium flariforme. A, head, X40: B, untire woru, %20,
(Aftor Southwell,)

(9) Phyllobothrium tumidum Linton, 1922, (Figs. 81 & 82.)

From Hemigaleus balfouri, Ceylon, Marine Biological
Survey. Pearson.

The worm measures up to 9 em. in length and 1-4 mm. in
breadth. The genital pores are irregularly alternate and are
situated in the anterior third of the margin of the segment.
The strobila is slender and there is a short neck. The head
bears a dome-shaped myzorhynchus; accessory suckers
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prominent. The musculature consists of a number of incon-

spicuous bundles extending from just bencath the cuticle,
towards the median axis. Circular fibres are absent. Vitelline

glands are situated laterally, internally to the longitudinal

muscle bundles. Testes numerous, extending on the pore side

postenorlv to the cirrus pouch. Cirrus spiny. From the ovary

the vagina runs almost to the anterior extremity of the seg-

ment, then turns posteriorly, and dilates into a rather long

and very wide tube.

Linton states that the eggs are discharged through a “ large
longltudmn.l opening, which opens by dehiscence on the ventral
side of the ripe proglottides.” The largest uterine egg measures
35 by 25 p and bears about t»wehc short filaments, each
measnring from 6 to 10 g,

Fig. 81 —-—I’hy?lobolhrmm tumidum, Head, x 16.
(After Linton.)

.-
1 10) Phyllobothrinm dagnalli Southwell, 1927, (Figs, 83, 84, &
85.)
Synonys i Anthobothyium puletneafnt S Southwell, 1025,

From Rhina ancylostoma, Chiloscyllivm indicum, and Galeo-
cerdo arcticus, Pearl Banks, Ceylon. Southwell,

In formalin the worms measure up to 18 em. in length
and the grestest breadth is 21 mm. In gpirit they are
hard and much contracted, Each is composed of several
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hundred segments. There is a short neck, but for some distance
« (3 to 5 mm.) behind the head the segmentation is only {faintly
marked, even under low-power magnifications ; posteriorly it
becomes increasingly distinet,
The genital pores are irregularly alternate and situated near
the middle of the lateral margin of the segment.

Fig. 82.—Phylichothrinm tmidwn. Mature segment; X abont 20
(After Linton,)

Ventrally, in the mature and partly aravid segments, there
IS an enormous utering pore. The largest segments measured
2-2 mm. in length and 1 mm. in breadth.

Head. The surface of the head presents t.vhe appearance
of a rose fully open, The individual hothridia can ()_lllyAbe
identified with diffioulty, but the folds are seen to be disposed
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into eight principal parts. It is concluded, therefore, that each
bothridium, berides being roughly divided into two, is also "
folded upon itself. The margins of the bothridia are armed
with minute spines. Four very small accessory suckers
can be seen in mounted specimens and this fact suggests
that there are four bothridia. The head is not massive and
fleshy, like P. lactuca, but delicate and membranous in appear-
ance. It measures about 17 mm. in length and 2-2 mm.
in breadth. The accessory suckers have a diameter of about
150 1 and are not always easy to locate.

Details of the nervous, museular, and excretory systems are
not known,

Testes. The testes are numerous and when fully developed
cach has a diameter of about 60 y ; they vary a little in shape.

Fig. 88.— Phyllobothrium dagnalli. Head, viewed e face, X 12,
(After Southwell.)

On the pore side they do not extend posteriorly to the cirrus
pouch, but aporally they reach almost to the ovary. They
occupy the entire field anteriorly to the eirrus pouch.

Vas deferens. The cirrus pouch is thick-walled and stretches
across two-fifths the diameter of the segment and lies pos-
teriorly to the vagina. The cirrus lies colled and greatly
enlarged within the pouch ; it is covered with spines. Outside
the pouch the vas deferens is short, coiled, and lies median
and anteriorly to the pouch.

Ovary and Oviduct. The ovary is situated quite posteriorly

-
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and is lobed, but in certain segments it appeared as a single,
» uniformly granular mass.
The oviduct arises from the ovary, runs straight forward
in the median longitudinal axis to 'y point in front of the
cirrug pouch. It then curves sharply and runs anteriorly to
the cirrus pouch to the pore. It ig very wide tube having
a diameter of 70 p throughout jg length ; the portion
anterior to the cirrus pouch has thick ara.nulat: walls.

The vitelline glands are small and lact,era.l even in the most
mature segments. Shell gland apparently absent.

Fig. 84.—Phyllobothrium dagnalli, Mature sogment, X 89
(After Southwel],

Uterus. This organ is rudimentary in the oldest segments
and extends as a granular mass in the median longitudinal
axis as far forward as the cirrus pouch, One segment Was
seen which contained a double set of genital organs, one set
anterior to the other, the appearance being that the line
of demarcation between the two segments had failed to
develop. 3
The four species (Anthobothrium laciniatum linton, 1890 ;
A. pulvinatum Linton, 1890 : Phyllobothriwm lu-nu({'llm' Linton,
1922 ; and P. dagnalli Southwell, 1927) described above
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The writer in his monograph on the ‘Tetraphyllidea®
 (1925) gave a description of the anatomy of P. pulvinatum
(Linton, 1890) (pp. 188-190). In view of the close morpho-
logical relationships between the fotir species noted above, he
has rte-examined the material; a prolonged and careful
search resulted in the finding of an accessory sucker on each
bothridium, and, further, in most specimens examined no
myzorhynchus could be found, but in a few this structure, of
variable size, was present, whilst in one specimen only a large
and prominent myzorhynchus was present.
1t is therefore clear that the worms deseribed by him (1925)
under the name Phyllobothrium pulvinatum (Linton, 1890)
are specimens of Phyllobothrium dagnalli Southwell, 1927.

Fig. 86.—Phyllobothrinm microsomi. Entire worm, X 35,
(After Sonthwell and Hilmy,)

(11) Phyllobothrium microsomum Southwell & Hilmy, 1929,
(Figs. 86 & 87)
From Ginglymostoma concolor, Pearl Banks, Ceylon.
Pearson.
The worms are very minute and measure from 22 to 2:4 mm,
v are composed of six to seven segments, the last

in length : the ! :
= 1y as long as the rest of the worm, and measuring

one being near
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about 1 mm. in length. The maximum breadth of the worm
varies from 234 to 312 u. The genital pores are difficult to
locate ; they are irregularly alternate and situated a little’
behind the middle of the lateral margin of the segment. The
head consists of four unarmed, boat-shaped bothridia borne
on short stalks, each having a length of about 350 p and a
breadth of 200 u. Their margins are definitely thickened,
the rim having a breadth of about 17 p: their shape and

Fig. 87.—Phyllobothrinm microsomuom. Mature segment, X 190,
{After Southwell nnd Hilmy.)

appearance Vary considerably. Accessory suckers are absent,

as is also a myzorhynchus. There is no neck.

Owing to lack of material, nothing is known regarding
the excretory, muscular, and nervous systems, [

Testes. These first appear in the second or third segment
and reach their maximum development in the last; their
disposition in the latter is very different from that in the
f_»ther segments ; thus, in the penultimate one they are arranged
in capsules, these being disposed in two ]ongit.udinal rows,
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one on each side of the median longitudinal axis, There are
about 25 capsules on either side ; they lie with their longer
diameter transversely, and each measures about 50 by 16 p.
In the last segment the capsules have disappeared entirely
and the testes lie free, occupying the greater part of the
segment, the bilateral arrangement having been lost.,

This condition obtains in quite a number of species of
Tetraphyllidea, but has hitherto not been described.

The eirrus sac in the penultimate segment extends about a
third the distance across, its external extremity being directed
anteriorly. The vas deferens is only slightly coiled, and is
situated close to the median extremity of the sac.

The ovary is U-shaped, each limb being bifid ; the aporal
limbs are slightly longer than the poral and extend along the
lateral margin almost to the middle of the segment.

The vagina is a simple thick-walled tube which, from the

pore, runs anteriorly to the cirrus sac. The vitelline glands
consist of two rows of acini, one running along and cloze to
cach lateral margin of the segment.
__The shell gland is prominent and situated in the concavity
of the ovary ; it measures 25 by 31 @. Immediately anterior
to it can be seen the two oviducts, one from each ovarian limb,
which meet in the middle line. They are continuous with the
vagina and the uterns. ,

Ulerus. Only the rudiment of this organ could be seen, and
this consisted of a granular condensation resembling a tube
running along the median longitudinal axis.

As in practically all other species of this family, gravid
segments and eggs are unknown.

SPECIES INQUIREND.E,

(12) Phyllobothrium pammicrum Shipley & Hornell, 1906,
(Fig. 88.)

From Carcharias melanopterus, Pearl Banks, Ceylon.
Hornell. '

The worm measures from 11 em. to 1-3 cm. in length ;
the greatest breadth is about 500 u. The head and neck are
very transparent. The former carries four sessile bothridia,
the edges of which are decidedly crumpled: there are no
areol®, Numerous muscles traverse the long neck.

The segmentation is peculiar. There is no sign of the
gradual differentiation of the proglottis, first as a narrow
band which broadens as it passes backward ; on the contrary,
the most anterior segment is almost as large as the posterior
ones. The proglottides have straight parallel margins which
are not salient. The genital pores are unilateral. The posterior
segments are at least three times as long as broad.
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In 1925 the writer placed this species as a synonym of
Phyllobothrium giganteum van Beneden, 1850, 1ts identity is
doubtful.

Fig. 88.— Phyilobotlirium pammicriom, Head, X 70.
(After Ehipley and Hornell,)

{13) Phyllobothrium blakei Shipley & Hornell, 1906,  (Fig. 89.)

From Dasybatus leuhli, Pearl Banks, Ceylon. Hornell,

“They are very delicate, thin, fragile creatures measuring
10 mm. in length and at their greatest width from 250 to
330 p.

“The head measures over 500 p. It consists of four
erumpled bothridia with thickened edges, which are so twisted

Fig. 89.— Phyllodothriwm blaket. Head, Xabout 50,
(After Shipley and Hornell).

that they show numerous little bays and rounded recesses
which at first sight might easily be taken for small circular
suckers. These bothridia spring with practically no stalk
from the edge of a hollow which shows some circularmarkings,
as if there were here two rings of circular muscles. There is
no kind of armature.



ECHENEIBOTHRIUM. 209

“The proglottides immediately following the head are
 broader than the subsequent ones; they soon, however,
narrow, and only very slowly widen again. The sides of the
proglottides are straight and almost parallel, and, although
they project very slightly at their hinder end, they do not
overlap the succeeding segment. The posterior proglottides
are almost three times as long as they are broad, and instead
of having square ends they have rounded owes, and are
swollen in the middle. Their contents scem to be a roomy
uterns with numerous large ova. The reproductive pores are
alternate.” (Shipley & Hornell.)

Genus [1. ECHENEIBOTHRYUM van Beneden, 1850,

Synonyms :— Bothriocephalins of Rudolphi, Leuckart, Bremser,
Dajardin, ete. v
Iertinebot forivm Linton, 1829,
Tiarabothvinm Shipley & Hornell, 1806,

Van Beneden in 1850 described the genus Eehencibothrium
as follows :—“ The four bothridia are placed on long protrac-
tile stalks ; they vary extraordinarily in form, and are cha-
racterized by regular grooves which develop over the entire
length of these organs, and which make them appear like the
suckers of an Echeneis. Type-species :—FEcheneibothrium mini-
mum van Beneden, 1850.”

Bremser in 1824 figured Rudolphi’s species B. tumidulus.

It appears almost certain from the figures of B. tumidulus
Rud, and B. echeneis Lenckart that the two species are identical
with E. variabile van Ben.. 1850. One of Leuckart’s figures
suggests that he also had in his collection a specimen of a worm
which van Beneden later on described as Phyllobothrium
lactuca.

Dujardin in 1850 considered that the above species were
identical, and he retained the name B. tumidulus, adding the
following doscription :—* Length 10 mm. to 160 mm., and
0:5 mm. to 1 mm. in breadth. Head 1-5 mm. to 2 mm. broad,
with four distinet hothridia, in the shape of oval lobes, divided
into numerous transverse areole, and also further divided by &
longitudinal partition into two parts. The first segments are
almost rectangular, sometimes contracted and short, some-
times clongated. The last segments arve rounded and more
distinet ; the ovary forms two brownish patches near the
posterior edge. In the intestine L}f Torpedo marmorata and
Raja pastinaca. Leuckart has described the principal modifica-
tions of shape in the bothridia, which are somefimes almost
united into a globular mass, sometimes each divided into two
petal-like lobes bearing arcole, ete.”

In 1863 Diesing described the characters of the genus

You. 1. P
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Echencibothrium as follows :— Body eclongated ; head con-
finuous with the body, or with a separate neck ; there is a,
terminal, retractile myzorhynchus and four bothridia facing
e_ach other, each bothridinm bearing transverse areol®, some-
times divided by a longitudinal partition. The posterior
border of each bothridium is continuous with a contractile
and mobile peduncle fixed on the head. An os ig present on
the apex of the myzorhynchus. Genital pores marginal.”

: !‘“ltml (1899) separated those species which had character-
istie echeneiforin bothridia, but were destitute of a myzo-
rhynchus, from the genus Heheneibothrium, and placed them
. Rhinebothrium, vhich he defined as follows :— Body
articulate.  Head continuons with the hody or separated
by a neck, merging into segmented body, or separated
by a constriction. Bothria four, opposite, or in lateral or
marginal pairs, faces divided into Joculi by several or many
transverse and one or few longitudinal rmuoscular partitions
mounted on slender pedicels, very versatile, unarmed : myzo-
rhynchus none, Genital apertures marginal,”

It will be noted that in van Beneden's original deseription
no mention is made of a myzorhynchus. Braun states that the
myzorhynchus is generally long and powerfully developed,
but that it may abort in old age. The writer accordingly
considers that the genus Rhinebothrivm is synonymous with
FEeheneibothrium, the latter having priority.

Braun (1900) defined the characters of the genus Echenei-
bothrium as follows, and divided it into two subgenera—
Discobothrium van Ben., 1871, and Rhinehothrium Linton,
1889 :—** Seolex with four long stalked bothridia, very mobile,
whose inner surface is divided by one or two longitudinal
and numerous transverse septa into two or three longitudinal
series of areole. When stretched, or strongly contracted, the
arcole may disappear. Pores alternating.  Anterior myzo-
rhynchus generally long and powerfully developed, but may
abort in old age. Neck short or absent. Cirrus spiny.”

In another part of this volume the writer gives reasons
for considering the genus Discobothrium distinet from the
genus Kcheneibothrium, Braun (1900) concludes that in
Echeneibothrium (1) the areole may disappear, (2) the
anterior myzorhynchus may abort in old strobilw, (3) the neck
is short or absent, and (4) the cirrus is spiny,

Diesing states that there is a terminal 0s at the apex of the
myzorhynchus, and that the genital pores are marginal.

Beauchamp (1905) erected the tribe Echeneibothrines, in
which he included the genera Echencibothrium and Discoboth-
rium. He agreed that the characters of the genus Echenei-
bothrium were well defined, but pointed out that ** when the
Question of species arises, difficulties begin, and whoever has
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seen living examples of these animals will understand that a
specification is practically impossible (see van Beneden’s
drawings). Neither the number of loculi, which is perhaps
fairly constant (but regarding which mistakes can be easily
made, as I will show), nor the general shape of the bothridia,
nor the presence or absence of a myzorhynchus (on which
Linton has founded his genus Rhinebothrium) arve characters
above criticism, Finally, the length of the neck and the law
of the growth of the segments are ... characteristics of a
variety, or of an individual, rather than of a species. It thus
follows that in the genus there is, perhaps, not a single species
which can be clearly differentiated from the others. Without
speaking of Linton's species, certain authors have united,
under the name £, tumidulum, the . variabile and E. minimun
of van Beneden, which nevertheless seems fairly distinct. E.
spheericephalum Diesing has been identified with E. variabile,
and B. affine Olsson with E. dubiwm van Ben., of whose
individuality one of my observations might make me doubtful
. ... In Banyuls I found two forms that seemed distinet,
although I would not absolutely affirm this. The most common

of these 1 identify with B. variabile, although it differs from

this species in several ways. The other did not seem to me to
fit in with the description of any species, but I would not
venture to create a new species.’”

The author is fully in agreement with the above remarks.

The characters of the genus Echeneibothrium are emended as
follows :—The four bothridia are either sessile or peduncu-
lated ;: they vary extraordinarily in form, but are ¥enemlly
characterized by regular grooves which develop over the entire
surface of these organs, and which make them appear like the
suckers of an Echeneis; genital pore marginal. Type-species:—
Echengibothrium minimum van Beneden, 1850.

Key to Species.

1. Bothridia Y-shaped owing to holf of ench
being split longitudipally into separate

AN . o R N o) AR ¢ E. trifidum, p. 225,
B(Khridiu not so divided . ...0o- e 3 i
2, Bothridia split into two halves, due to the
presence of a transverse hinge  ....... . E. flexile, p. 218,
Bothridia not divided by a transverse hinge. 3,

5. Faces of bothridia split into a series of
transyerse Joenli, not divided longitudin-

ably a5 R A
Faces of bothridin divided into three
longitudinal rows of loeuli <o.oiven. .ol
Fuces of bLothridia typically divided into
loeuli by numerons transverse aud o gingle

longitudinal septum ; extremely varinble
in form .....o0. e easaie B tymiduliom, p. 215,
)

»a

ae

. ndnimen, p. 212,

B, cancellatumy p. 223,
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(1) Echeneibothrium minimum van Ben., 1850. (Figs. 90, 91, &
92.) :
Synonyms :—E. trygenis Shipley & Hornell, 1906.
Tiarabothrium javanicwn Shipley & Hornell, 1906,
Rhinelothrium shipleyi Southwell, 1911
P Anthobothrium ceylonicum Southwell, 1912,

From (1) Rhinoptera javanica, (2) Dasybalus walga and D.
kuhli, Pearl Banks, Ceylon. Hornell ; Southwell. (3) Car-
charias sp., India. Pearson.

“ Strobila 15 mm, to 17 mm. in length, and so fine that it
can hardly be seen with the naked eye. It consists of not more
than 15 segments, the first segment being nearly square and
the last five or six times longer than broad. The bothridia
are divided into eight or ten areol® which can be separated in
the middle. The adult worm is distinguished by the long stiff
spines at the base of the cirrus. The male pore opens laterally

Fig. 90.—Echeneibothrium minémum. Hends, magnification nuknown,
(After van Beneden.)

near the middle. There are four mobile bothridia which are
very variable inshape ; they are pedunculated. Myzorhynchus
not. pronounced. There are folds all along the length of the
bothridia, and sometimes these are divided in the middle by
a deep furrow. Eight or ten arcolm may be seen. The pores
are alternate. The cirrus may be half the length of the body ;
it is armed with small spines, and its base is swollen and armed
with very large spines. The vaginal pore lies anterior to the
e_irrus pouch. In gravid segments the genital pore may be
situated postcriorly.

“The species is very similar to Bothriocephalus echeneis
Leuckart, but differs from it (1) in being smaller, (2) in the
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Echeneibothrium trygonis Shipley & Hornell, 1906,

“The worm measures from 8 mm. to 15 mm.. and the:
head has a width of nearly 1 mm. The neck passes into the
head like the stem of a goblet into the bowl, so that the
bothridia are not pedunculated. The inner face of each
bothridium bears seven or eight areolas st’rutc]upg aCTOSS ‘the
bothridium, and thus there is no median longitudinal line.
There is a stout neck broader than the succeeding segmented
part. The posterior segments arc about five times as long
as broad. Pores 1" (Shipley & Hornell.)

This species is inseparable from £. minimum van Ben.

Fig. 92 —Echencibothrium minimum. a, head, viewod en face, X10:
b, a bothridium, X 18. (After Southwell.)

Tiarabothrium javanicum Shipley & Hornell, 1906,

The characters of the genus Tiarabothrium are ~— About
11 mm. to 12 mm. long. Head with four sessile hothridia,
each divided into twelve transverse are¢olas ;. the bothridia
can be raised off the head anteriorly. Two stout museles enter
the head laterally and split up into four muscles on each
side, two of which are inserted into each bothridium. Definite
neck present, provided with an extensile collar. Proglottides
with slightly concave sides, divided from ecach other by
perfectly flat  partitions. Genital pores alternate. Penis
with numerous spines,” (Shipley & Hornell.)

The genus Tiarabothrium is clearly Synonymous  with
Echeneibothrium, from which it is said to differ only in having
the bothridia sessile instead of pedunculated. The species
T, javanicum appears to he indistinguishable from &, minimaum
van Ben., except that in the former there i, according to
some authors, a well-developed myzorhynchus,

Rhinebothrium shipleyi Southwell, 1911, (Fig, 92.)

““ The head consists of four bothridia borne onlong, triangular,
flattened, and very versatile stalks. The face of each both.
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ridium is long and narrow, and is divided by transverse septa
only into ten unpaired areolee. There is no longitudinal
septum. Each bothridiim is 1 mm. long and approximately
0-3 mm. broad. The ends are rounded, and the whole both-
ridium is fringed with a delicate irregular membrane. In
the contracted state the bothridia are often roughly semi-
cirenlar'in shape, with the areol® cither on the concave or the
convex surface. The breadth of the head varies with the
state of contraction and with the disposition of the bothridia,
but averages about 1:8 mm. There is no myzorhynchus.
Immediately posterior to the head is a swollen bulbous portion,
triangular in shape, with the apex passing into the: pro-
glottides. There is no neck, although the first few transverse
divisions between the prngloui(lcs are faint and indistinet.
The first segments are shallow, 0:3 mm. in breadth, and much
broader than long, and they continue =0 up to the last few
(6 to 8) ripe scgﬂmont:s, which latter are square, and then
slightly longer (1:2 mm.) than broad (0-9 mm.) The largest
of our specimens was 60 mm. long and the smallest 42 mm.
Most: simens were whip-like in appearance, the maximum
breadth being attained at a distance of about 30 mm. from the
head, and they continued the same breadth to the end. This
anterior part of the worm is apt to be of uneven breadth, which
fact is doubtless due to irregular contraction. The posterior
and ripe proglottides are of varying shades of a dark brown
colour. The genital pores are lateral and irregularly alternate.
In some specimens the edges of the proglottides in the middle
region of the worm were slightly salient.”  (Southwell).

This speecies only differs from E. minimum in being larger
and composed of a much larger number of segments.
Van Beneden definitely stated that in £. mintmum not maore
than fifteen segments were present. In spite of this fact
the writer considers that the two forms are ident ical, as in each
case the head bears only transverse areola,

(2) Echeneibothrinm tumidulum ( Rud.. 1819), (Figs. a3, 04, &
95.)
Synonyme i— Bothriocephalus teidwlus Rud., 1514,
Bathriocephals echenere Leuckurt, 1819,
Eeheneibotheinm variabile van Ben., 1550,
Fohenetbothrinm ceyloniowm Shipley & Hornall, 1906,

From Dasybatus walga, Pearl Banks, Ceylon. Hornell.

Rudolphi in 1819 gave a brief description (hut no figure) of
a worm from Raja pastinaca which he named Bolhr_wcephalzw
tumidulus, and which measured about half an inch in length,
It is difficult to identify this species, but it apparently belonged
to the genus Eeheneibothrium. Rudolphi’s description  of
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he worm is as follows :—" Each bothrium has two oval, not
very thick, divisional lines, with transverse stripes. Neck y
very short. First segments very narrow and elongated,
the following ones subquadrate.”

Bremser sent to Rudolphi a worm which measured 5 lines

Fig. 93.—Echeneibothrium tumidulum. Heads, magnification unknown,
(After Leunckart.)

in length. “*In the head cach bothridivm has two ridges,
each of which is divided by a single elevated median line in
the longitudinal axis. The rest is divided by three transverse
Stripes. Neck short and narrowing posteriorly, First seg-
ments narrow and elongated, the following ones are broader
and shorter, subquadrate, with obtuse angles. The head
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stout : neck present. Lateral margins of segment convex.
The reproductive pore is median.” (Shipley d: Hornell.)

This species is indistinguishable from £. tumidulum (Rud.,
1819). The presence of a median reproductive pore s,
however, unusual. Zschokke observed a similar condition in
L. myliobatis aquile, but concluded that the appearance was
due to torsion of the segment.

(3) Echeneihothrium flexile (Linton, 1890), (Figs. 96, 97,
98, & 99.)
Synonyms :i— Rhtnebothrium flexile Linton, 1890,
Leleneihotloium walya Shipley & Hornell, 1906,

.

Teehenetbothium {nsignia Southwell, 1911,

From Dasybatus walga and D. varnak, Pearl Banks, Ceylon.
Hornell : Southwell.

* Bothria four, opposite, long, slender, versatile, attached
at middle point to head by moderately short pedicels, Face
of each bothrium with numerous loculi in two longitudinal
rows, forty, more or less, in each row. The slender. free ends
of the bothria very versatile, bending readily in any direction,
but especially in the plane of the supporting pedicel and
axis of the body. An apparent hinge in middle of face of cach
bothrium opposite the pedicel. No head, strictly speaking,
except what is formed by the bothria and their pedicels.
Myzorh vnchus none.  Neck short, eylindrical, merging imper-
ceptibly into the body. Segments begin near the head.
First distinet segment broader than long; very soon becoming
Squarish, then longer than broad ; mature sSegments six op
cight times as long as broad, subeylindrical or fusiform,
narrowed at the extremitics. Genital apertures marginal,
about middle of segment: cirrus echinate,  Maximum
length 16 mm.: length of posterior segments  from
1 to 1'6 mm., breadth 0:2 to 0-32 mm. Habitat -—Prygon
centrura, spiral valve, twenty-five specimens, Wood's Holl,
Massachusetts, August 10, 1887, .. .. E. minimum is
characterized by having the bothria crossed by eight or ten
fransverse septa, while R. flezile has in the neighbonrhood
of forty....” (Linton.)

The hinge in the middle of the face of each bhothridium
appears to differentiate this species from all others of the
genus Eeheneibothrium.

Echeneibothrium walga Shipley & Hornell, 19086,

A single specimen was obfained by the above authors, and
this measures 7 mm. in length and about 200 @ in breadth.
¢ posterior segment was said to be ripe and the animal

probably fully grown. The head breaks up into four long
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St“““, ?"‘Ch bearing two bothridia or rather two halves of &
bothridium, The stalks measure about | mm. Kach half
of the bothridium bears a double row of some twelve arcol®
“0”}] twenty-four), which are not rounded off towards the
longitudinal median partition. Neck very short: cirrus

Fig. 96.~Echeneibothrium flexile. o, head, X 45; b, entire worm, 29,
(Aftor Linton.)

spiny ; genital pores apparently regularly alternate. The
species i characterized by having each bothridium hinged in
the middle, and is indistinguishable from E. flexile (Linton
1890).

Echeneibothrium insignia Southwell, 1911,

Delicate worms 3 em, in length; the head measures 14 mm,
across when fully expanded. and bears four Jeaf-like bothridia ;
each bothridium is constricted on both sides of its long axis.
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About eighty segments were counted, and the posterior ones
were not ripe.

The type specimen of E. insignia and three others from
D. kuhli have been carefully re-examined by the author,
who is now of opinion that the worm is probably identical
with B. flezile Linton, 1890, in spite of the difference in size.
The anatomy of this species has not been described, and it is
unfortunate that in only one specimen were mature proglottides
found, and these were so badly preserved that it was impossible
to make out the finer details of their morphology.

Fig. 97— Echeneibothrium jlexile. Entire worm, X 13,
(After Shipley and Hornell)

Head. The peduncles of the bothridia vary very much in
length ; sometimes they are very long indeed, whilst at other
times the bothridia appear almost sessile. The number of
loculi on the bothridia also varies from about twenty-six to
thirty-eight, and whilst the longitudinal septum was clearly
visible in most bothridia, it could not be seen in others. Thus
In one worm one bothridium was divided longitudinally and

¢ bothridia were apparently undivided. In the latter case
the loculi had the appearance of being transverse and undivided
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as they are in E. minimum, but E. insignia differs from
E. minimum in having each bothridium hinged in the middle.
lhe.neck also varies in length within wide limits: in two
specimens it was very long and in two others (young) it was
very short.

Testes and Vas deferens. There are from about eighteen to
twenty-six testes; at first they are arranged in two lateral

Fig. 98.— Echeneibothvinm flexile.  Entire worm, X 20.
(After Southwell)

rows, one on each side of the median line. The cirrus
pouch lies posteriorly to the vagina and is eylindrical in shape,
extending almost to the longitudinal axis of the segment.
The cirrus is club-shaped, and appears to be devoid of spines,
On leaving the cirrus pouch the vas deferens forms a coil
near the antero-posterior axis of the segment and anteriorly
to the cirrus pouch, The fully mature segments are about
four times as long as broad, and in these the cirrus pouch
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becomes bent posteriorly, The genital pore lies in the anterior
half of the segment. .

Ovary and Vaging. In full development t-hu. ovary occupies
the posterior guarter of the segment: aud_ is bilobed .and
very prominent. The vagina is awide tube sltuat‘egl anteriorly
to the cirrus pouch. From the pore it runs stratg}}t to t-h_o
median antero-posterior axis and then turns posthorly; it
then narrows and follows a sinuous course i:o. t}le mid-ovarial
region, dilating into a small receptaculum seminis.

Fig. 80.— Echenetbothirium flexile, A, mature segment, X125 : B, transverse
seotion of maturo sogment nbout region of testes: C, transyorse
section of mature segment throngh cireas pouch, X 480, (Orig.)

Shell (land. This is a very small granular organ situated
between the lobes of the ovary.

Vitelline Glands. These consist of two strips of glandular
tissue, one lying parallel to each lateral margin,

terus. The rudimentary uterns consists of a cylindrical

Mass of granules running in the antero-posterior axis. Eggs
unknown,
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the margmal outline of the strobile is erenulate ; the chain of
posterior segments is rather moniliform ; the anterior and
median parts of the body are crossed at more or less regular
intervals by distinet transverse lines which give rige to the
deceptive appearance of clongated, transversely wrinkled
bothria ; body rather flat and thin : length 25 mm. ; breadth
1 to 15 mm. ; genital apertures marginal, cirrus echinate ’
(Lanton.)

The presence of three rows of loculi on the face of each
bothridium differentiates this species from all others within
the genus.

Fig. 101.—Eeheneibothrium {rifidwm. Head, magnification nnknown.
(After Shipley nnd Hornell,)

Echeneibothrium javanicum Shipley & Hornell, 1906.

* Length from 9 1o 12 mm. Neck one-third to one-half body
length. The head is 1 mm. broad and consists of four peduncu-
lated pad-like bothridia, somewhat triangular in shape. Each
18 traversed by two longitudinal and a number of transverse
ridges separating the surface into a number of areolas, one of
which is apical. At the base of each bothridium there are
seven areolas, and these are followed by seven rows of three,
the central row being ended by the apical areola. The bases
of the four bothridia fuse together. Myzorhynchus absent.
Neck and strobila striated. In the ripe proglottid the central
aterus and the lateral yolk glands take the form of a coil with
three limbs. The genital pores are lateral and alternate in
PAIrs ; the cirrus is armed.”  (Shipley d Hornell )

16 writer considers this species identical with K. cancel-
latum, (Linton, 1890).
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(5) Echeneibothrinm trifidum Shipley & Hornell, 1906.
(Fig. 101.) 2

From Dasybatus walga, Pearl Banls Cevlon. Shipley and
Hornell. Lh

“ Worms 6 mm. or 7 mm. in length. The head bears four
leaf-like bothridia, stalked and very mobile. The basal or
posterior half of each bothridium is single and carries nine
transversely elongeted areolas. The proximal end of each
bothridium is, however, split into two halves, and each half
bears nine rounded areolas. There are thus, altogether, twenty-
seven arveolas, viz., niue large and eighteen small.

“The bothridia are pedunculated. There is no myzo-
rhynchus. The genital pores are lateral and irregularly
alternate.” (Shipley & Hornell.)

Nothing is known of the anatong of this species The form

of the bothridia separates it from ¥ others within the genus.

SPECIES INQUIRENDA.

Echeneibothrium simplex Shipley & Hornell, 1806, is appar-
ently a synonym of Phyllobothriym varsAlile (Linton, 1889).
2.

o
Geenus 111, MYZOPKYLLOBOTKRIUI%hEp]ey & Hornell,
1906,

Synonym :—Rhaptrobothrium Shipley & Hornell, 1906,

The emended diagnosis of this genus is as follows :—The
head consists of four leaf-like bothridia, pedunculated or
sessile ; the terminal portion of each bothridium may be
differentiated as an areola. Myzorhynchus present, bearing
four suckers.

Myzophyllobothrium rubrum Shipley & Hornell, 1906. (Figs.
102,103, & 104.)

Synonym :—Rhoptrobothrium myliobatidis Shipley & HHornell, 1906,

From Stoasodon narinari and Elomyleus maculatus, Pearl
Banks, Ceylon. Hornell : Southwell.

Shipley and Hornel’s specimen measured 8 em. in length and
about 400 g in breadth ; the head measured 1 mm. in breadth
and consisted of a terminal myzorhynehus which carried four
almost terminal suckers ; the myzorhynchus is flanked by four
sessile bothridia bearing at their apex a small thickening
(? sucker) ; neck practically absent. The last few segments,
which were ripe but not gravid, measured about 1:5 mm. in
length and 400 ¢ in breadth. The edges of the proglottides
are practically straight unq not salient ; the genital pores are

YOL. L. Q
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situated at the middle of the lateral margin and are irregularly
alternate.

Head. The head consists of four oval sessile bothridia
having somewhat thickened margins : no trace of the
“ thickening >’ (? small sucker) mentioned by the authors as
occurring on the margin of each bothridium were scen, even
in the co-types. According to the state of contraction of the
bothridia, the head assumes various shapes and sizes; it
measures from 700 to 900 p in length and 600 to 870 in
breadth. There is a eentral myzorh}mchlls which bears
at its extremity four large sessile suckers, cach having a
diameter of about 180 . The neck is very short. On
reaching maturity the segments appear to be shed ; as a
result, gravid ones have not been described.

Fige. 102, —Myzophyliobothrivmn rubium. Head, magnification inknown,
(After Shipley nud Hornell.)

Testes. The testes are either oval or globular, and they
vary in number from about 140 to 180 ; they occupy the whole
of the dorsal surface except posteriorly, where the ovary
occurs ; when fully developed each has a diameter of about
36 g i
#as deferens. The cirrns pouch is situated posteriorly to the
vagina and varies in size from about 140 to 160 g in length
and from 90 to 110 g in breadth. The cirrus is unarmed ;
the vas deferens is long and lies coiled both within the pouch
and outside it.

Ovary. This is a large bilobed organ situated posteriorly
and made up of acini of various shapes and sizes.

i
v
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Vagina. From the pore the vagina runs inwards, anterior
to the ecirrus sac, the portion in front of the latter bein:
dilated. At the median extremity of the pouch it curves
and runs posteriorly, dilating near the ovary into a small
globular receptaculum seminis having a diameter of 30 p.
Both in front of and posterior to the latter organ the vagina

Fig. 103.—3ysophyliohothrivm rubrwim, Iature segmont, X 69,
: (After Southwoll)

is thrown into & coil. The extremity of the posterior con-
volution is continuous with the oviduct.

Shell Gland, This is @ conspicuons granular organ lying
between the two lobes of the ovary and measuring about 50
by 40 g

Vitelline Glands, Only the rudiments of these glands have

been seen along the lateral margin. X
Q<
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Uterus. The rudimentary uterus consists of a solid granular
mass extending from the ovary to the level of the cirrus pouch.
Eggs unknown.

Rhoptrobothrium myliobatidis Shipley & Hornell, 1906,
(Fig. 104.)

The genus Rhoptrobothrium Shipley & Hornell, 1906, was
defined as follows :— Minute forms ; head with four bothridia
surrounding a myzorhynchus which carries four suckers.
Bothridia stalked and leaf-like, with the terminal end cut off

Fir. 104.— Myzophyllobothritm rubrum. Head, X 66,
7 i/Afitur Shipley and Hornell.)

and forming an areola. Head extends behind the insertions

of the stalk of the bothridia and is followed by a neck.”
ipley d: Hornell.

(S,fggc{s:mcies :—I)flwplrobo!hriwn myliobatidis  Shipley &

Hornell, 1906,

This worm appears to be an immature form of M. rubrum
Shipley & Hornell, 1906. Only one speeimen was obtained
by these authors, ““and that included little more than a
head.” The anatomy of the species is not known, but the
Presence of four suckers on the myzorhynchus suggests the
probability of the worm being identical with M. rubrum
Shipley & Hornell, 1906.
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Gienus 1V. CARPOBOTHRIUM Shipley & Hornell, 1906, smended.

Body segmented ; head with four bothridia, ¢ach bothridium
being Y-shaped; the proximal portion is somewhat cylin-
drical, and from its distal extremity two flaps arise, apposed
to each other. The margins of these flaps may be loculated
or not, and they may bear muscular pads at their point of
origin. Accessory suckers and a myzorhynchus may be
present or absent. Genital pores and vitelline glands marginal.
Parasitic in elasmobranchs.

Type-species :—Carpobothrium chiloscylliv Shipley & Hornell,
1906,

Carpobothrium chiloscyllii Shipley & Hornell, 1906,  (Figs.
105 & 106.)
Synonym :—F Anthobothrium laciniatum  vav. brevicolle Linton,
1889,
 From Rhynchobatus djiddensis, Urogymnus asperrimus, and
Chiloscyllium indicum, Pearl Banks, Ceylon.  Hornell :

Southwell. 5
The worms measure about 10 mm. in length and the

maximum breadth is about 400 u; they are composed of from
18 to 25 segments, of which only about the last three are
mature. No gravid proglottides were observed. The largest:
one measured 4 mm. in length and 400 in breadth.
The genital pores are irregularly alternate and are situated
near the middle of the lateral margin. There is a short neck
measuring about 450 pe. P

Head. The head consists of four peculiar bothridia, each
having the form of the letter Y ; the proximal portion is
somewhat cylindrical, and from its distal extremity two Haps
arise, cach having entire margins ; but the periphery of each
flap is marked by a single row of minute arcolse which run
along the margin of that face of the bothridium apposed to the
other bothridium in each pair. Where the two flaps arise
there are a pair of very conspicuous muscle-pads, one on each
flap. There ig no myzorhynohus and accessory suckers are
absent. The breadth and length of the head varies aceording
to the state of contraction, but in specimens in which thc_a head
was preserved in an expanded oon_lditrion it measured 1+5 mm.
in breadth and from 500 to 800 @ in length.

No details are known regarding the muscular,

and nervous systems. &
in number from about 100 to 150

Testes, These vary d
they lie two, and sometimes three, abreast on each side of
the vagina and about five abreast anteriorly to the cirrus

pouch. When fully developed cach has a diameter of about
45 p.

excretory,
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Vas deferens. The cirrus pouch lies posteriorly to the vagina :
it 1= almost globular, and extends more than halfway across
the segment, pushing the uterus towards the aporal margin.

.he cirrus is spiny ; a number of coils of the vas deferens
lie within the sac, Outside it the vas deferens runs
anteriorly as a much coiled tube. Seminal vesicle apparent Iy
absent.

Ovary. This is a bilobed organ situated posteriorly and
composed of a number of large, irregularly shaped acini.
t varies in shape considerably, each lobe being elongated
when the segment is extended, and becoming shorter antero-
posteriorly when the proglottid is contracted.

Fig. 105.—Carpobathrium ehiloscyllii, a, a bothridium, X 150; &, entire
worm, % about 100, (After Shipley and Hornell)

Vagina. From the pore the vagina runs anteriorly to the
cirrus pouch, and that portion of the vagina in front of the
sac is dilated. At the median extremity of the latter it
turns sharply and runs backwards in the middle line to
the ovary, dilating near the latter organ into a pyriform
receptaculum seminis. \

Oviduct. The oviduet is very long and opens to the uteru:
opposite the genital pore. "

Shell Gland. This is a very conspicuous ring-shaped organ
l)f'ing between the two lobes of the ovary and having a diameter
of 00

Vitelline Glands. These are narrow, densely granular organs
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Pithophorus tetraglobus (Southwell, 1911). (Figs. 107 & 108.)
Synonym i— Orygmatobothrivm tetraglobwm Southwell, 1911,

From Rhynchobatus djiddensis, Pearl Banks, Ceylon.
Southwell

Worms up to 95 cm. in length, about 1 mm. in breadth,
and made up of about 70 segments.  Last proglottid 3 mm. in
length and 900 ftin breadth ; genital pores irregularly alternate,
and situated either a little in front of, or a little behind, the
middle of the lateral margin of the segment.

Head. The head measures from 4 to 6 mm. in breadth and
consists of four globular bothridia which are attached by a
broad and rather long stalk which runs parallel to the lo
axis of the worm, BEach bothridium measures about 1-6 mm,
in length and the same in breadth ; they are hollow, and open
both anteriorly and posteriorly to the exterior by a wide slit.
There is no myzorhynchus.

Neck. The neck is roughly cylindrical in shape, tapering
posteriorly, and is 10, mm. in length.

Fig. 107, Pithophoruz tetragtobus,  Head, x 9,
(After Southwell))

Details regarding the muscular, exeretory, and nervous

: ng. !

mft";xa.ar'lt‘hlc&ctt‘stgs vary in number from about 130 to 170.

Of these about 80 are situated aporally, whilst on the pore side

about 40 testes lie anteriorly to the cirrus pouch and about

30 posteriorly to it. In full development each has a diameter
of about 55 p. : o, !

Vas deferens. The pouch lies posteriorly to the vagina and
is a large, somewhat pyriform organ c.\'tend)mg almost lmlf)vny
across the segment, and measuring about 250 by 190 L _.l'he.
terminal part of the cirrus is armed with very minute spines
in mature segments only, and a number of coils of the vas
deferens lie within the pouch. Anteriorly to the median
extremity of the sac the vas deferens forms a number.of
¢oils in the median plane. In very ripe segments the remains
of the vas deferens form a conspicuous structure in the anterior
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part of the median axis of the scgment, Seminal vesicle
apparently absent.

Ovary. When fully mature the ovary is a prominent bilobed
organ extending from the posterior margin of the segment
half the distance to the cirrus ponch. Each wing is shaped
like an isosceles triangle, with the apex pointing anteriorly,

i

A

o

Fig. 108,— Pithophorns tetraglolus, Mature segment, X 46.
(After Southwell.)

le resting on an oblong strip of ovarian

the bases of each triang

tissue. It is composed of & number of very large acinl. e
Vagina. From the pore the vagina runs in the median

direction in front of the cirrus pouch. At the internal

extremity of the latter organ it turns suddenly and Tuns

posteriorly as a coiled tube in the middle line. Receptaculum

seminig apparently absent.
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Shell Gland. In mature segments this is & very prominent
ring-like structure situated between the two lobes of the ovary
and having a diameter of about 110 .

Vitelline Glands. These consist of wide bands of small acini
running along each lateral margin of the segment.

Uterus. In the ripest segments the nterus consists of a
narrow coiled tuhe running along the antero-posterior axis of
the segment. ’

Family II. ONCHOBOTHRIIDAS Braun, 1900.

Synonyms :—Onchobothrii Rud., 1819,
Pribe Phyllacanthiens van Ben,, 1850,
Subtribe Onchobothria Diesing, 1850, pro parte.
Subfamily Phyllueanthing Carus, 1863

Scolex armed with four pairs, or four groups, of simple or
compound hooks. Bothridia sessile or only slightly pedun-
oulated. Pseudoscolex present in one genus; accessory suckers
present or absent. Genital pores regularly or irregularly
alternate. BEggs practically unknown.

Type-genus :—Onchobothrium (Rudolphi, 1819).

Key to Genera.

A. Each bothridium is divided into three

Toculi by two trapsyerse septa ...... e L
B. Each hothridium is divided into two
loculi by & transverse septum ..., ... 2
C. Bothridig undivided .. .. ....000.n L3 b
I, (@) Each bothridium armed with two . [pe2s8.
puirs of bifurcated hooks, ... ... ACANTHOBOTHRITM,
(&) Tach bothvidium armed with two [p- 260
nivs of simple undivided books .,  CALLIOBOTHRITN,
(2) Each bothridium arined withone pair $
of simple hooks, each of which may [p. 285,
bear & tuberele oy hair-like process . ONclonoTHRIUM,
() Each bothridiom armed with a pair
of hooks, one of which is bifurcated {p. 271,
and the other trifureated . ... .... PLATYBOTHRITN,

2. (@) Hooks bifurcated and anterior. , . ...
(&) Hooks not bifureated, situsted near
each lateral extremity of the

gepla i—
(1) Pseudoscolex present ... .....
(2) P{-‘l‘U(!OS('OlL‘X uhsent, hooks equal
i, W ARONEAL 0 £
(8) Preudoscolex uhsent, hooks un-
equal insige, ... ooieinranes

#. Hooks bifurcated or rose-thorn-shaped . .

UNCInILOCULARIS,
[p. 265,

Lp- 288,
THYSANOCEPHALUM,
[(see Appendix),
SPINILOCULUS

Yorerria, p. 285,
Pepimornnivs, p. 276,

-
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Genus . ONCHOBOTHRIUM (Rudolphi, 1819), Blainville, 1523.

The bothridia are armed anteriorly with two simple hooks
which may bear secondary tubercular or hair-like processes |
each bothridium is divided into three loculi by two trans-
verse septa,

Type-species i—Onchobotirium pseudo-uncinatum (Rudolphi,
1819), Beauchamp, 1905.

Only one species of this genus has been recorded from India,
namely :—

Onchobothrium farmeri (Southwell, 1911). (Figs. 109, 110, &
111.)

Synonym :—Calliohothrium farmeri Southwell, 1911

From Dasybatus kuhli, Pearl Banks, Ceylon. Southwell.

Preserved specimens measure about 6 cm. in length and
have a maximum breadth of about 2-2 mm. :

A large number of very shallow segments occur behind
the neck, and these gradually lengthen posteriorly : the last

Fig. 109.—Onehobothrivm farmeri. A pair of huoks, showing spinulo, X 106.
(After Southwell )

lottides vary in size from L'l to 1-2 mm. in [eng.th and
ll)-rggto 1-:5 mm. in breadth: the genital pores zu't‘ Sl'lt'_‘:”‘;‘r“:
glightly behind the middle of the lateral margin - tu:te 9
imgularly alternate and not umlnt'vral as originally 83_4 fm‘m
Head. The head is very large 5 1t measures about 2 it i
in length and its greatest breadth is about 4 mnll"' o
borne on & pedicle which 1s about 3 mm. in longtl"l GIistillct
are four oval bothridia, and these, although qut trior S
from cach other, are united by tissue from the &ll;.'t?hri e
of the head as far back as the middle arcola in each bot .



236 ONCHOBOTHRITD.E,

The shape of the bothridia varies, but they measure about
3 mni. in length and 1'8 mm. in breadth ; the surface of
each is split up by two septa into three unequal areola ;
between the centre of the head and the most anterior areola
of each bothridium there is a minute accessory sucker. Over-
hanging the anterior margin of the anterior areola of each
bothridium there is a pair of simple, curved, hollow hooks,
slightly unequal in size ; they are not united at their bases,
but the base of one hook appears to articulate into that
of the other. The measurements of the hooks in three
specimens are as follows :—Larger hook, 450, 515, and 600 p;
smaller one, 410, 455, and 540 u.  Under high-power
magnifications a curved, tapering, hair-like spinule, measuring
from 45 to 55 p in length, and having a maximum diameter
of about 8y, can be seen arising from near the base of

Fig. 110.— Onchobothritm Jarmeri. Horizontal section of maturo
segment, X 46,  (After Southwaell.)

the outer (lateral) margin of each hook. These spinules had
not been seen when the original description of this worm
was written ; cnnscquently they are not shown in the original
drawings. s
Neck. The neeck is swollen and measures about 2 mm. in
length and 1-5 mm. in breadth. :
Muscular Systen. The longitudinal muscular system is
strongly developed and consists of a single layer of about
cighty large oval bundles, cach of which measures about 90 by
25 pin transverse section ; they are largest on the mid-dorsal and
mid-ventral surfaces, and become smaller towards each lateral
margin ; immediately below the cuticle (which has a thickness
of about 30 w) there is a great development of subcuticular
muscle. Dorso-ventral fibres are plentiful, and they can be
seen running  between the bundles of longitudinal fibres ;

"
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a layer of circular muscles lies internal to the longitudinal
muscles,

Destes. There are about 100 teéstes: when mature each
one measures about 80w : they are situated dorsally, and
lie in the central field ; laterally they do not extend to the

excretory vessels on either side, but they occupy practically
the whole of the segment in the antero-posterior direction :
they begin to atrophy when the ovary develops.

Vas deferens, The pore is situated very slightly behind the
middle of the lateral margin : in mature segments the cirrus
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Fig. 111.—Onchobothrinm formeri, Horizontal section, ehowing
= developing nterns. X 46, (After Southwal),)

uch is conspicuons, and extends internally a little meg.mn
to the excretory vessels; it measures about 450 by 140;5
and lies posteriorly to the vagina _betwcqn the dorsal sln .
ventral excretory vessels.  The cirrus is very muscu }t]u
but not spiny ; part of the vas deferens lies c9iled within t ‘ 3
eirrus pouch ; after leaving thg latter organ its course counl
not be traced. No seminal vesicle was seen. _

Ovary. This lies at the posterior extremity of the segment,
and its appearance varies very considerably as it becomes
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mature ; at first it consists of a few acini arranged in a fan-
shaped manner on each side close to the excretory vessels,
these being connected by a delicate transverse bridge of
ovarian tissue. When fully mature the acini are disposed
along three sides of a square, the lateral limbs and the posterior
part, each measuring about 800 . ; it is composed of slightly
club-shaped follicles having a length of about 70 p and a
diameter of about, 50 u. i :

The yagina is a conspicuous museular organ.

The vitelline glands and the uterus do not differ from those
of the type-species. Eggs unknown.

Genung [I. ACANTHOBOTHRIUM van Ben., 1850

The four bothridia are each armed with two bifurcated
hooks ; each bothridium is divided into three loculi by two
Atransverse septa.

Type-species i—Acanthobothrium coronatum (Rudolphi, 1819),
van Ben.. 1850.

Key to Species.

1. The prongs of each hook are equal in *
lengthi i, v it s W AR IR 2,
Outer prong of ench hook ghorter than
INNET PrONT.v. 't vy vsenn B e 3.

2. Hooks about 280 u in'length, encli hoth-
vidium with & single accessory sucker . Ai coronaton, p. 238
Hooks 140 ta 170pu in length, each
bothridinm  with  three accessory
BUCKETE TSN ud e s 4a'bie e oinly - o A ijimai, p. 262,
3. Worms containing more than 200 seg- Y
THENRR o0 o s Ite s s 7s s aie a'a's o bl A e A e 4. PN &
Worms containing less than 30 secments A, digarding, p. 247. 5L,
4, Total lungth of hooks about 400 ... .. . macracant umz{?. 254,
Total length of hooks about 200 4. .. ... . herdmans, p. 2:, g
Total length of hooks ahout 100, ., ... . uncinatum, p. 243.

(1) Acanthobothrium coronatum (Rudglphi, 1819), van Ben,,
1850. (Fige. 112, 113, 114, & 115.)

Synonyms :— Tania corollata Abild., 1793,
Teania raje-batis Rud., 1810, ©
Bothriocephalus coronatus Rud., 1519,
Bothriocephalus bifureatus Lenckart, 1819, s
Onchobothrium coronntum (Rud 1819), Blainville, 1825,
Onchobothrium covonatum Molin, 1858,
Calliobothrinm coronatwm (Rud., 1819), Diesing, 1863,
Callichothriwm coronatum Zschokke, 1887,
Callivbnthrinm corollatum Menticell, 1837,
Prosthecobathrium wrogymni Hornell, 1912,
Onehobothrium tortunt 1.inton, 1917,
Taonin dyshiotos MacCalluu, 1921,
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From (1) Dasybatus fuhli and Urogymnus asperrimus,
Pearl Banks, Ceylon. Pearson; Hornell : Southwell. (2)
Carcharias sp., off Negapatam, S. India. Pearson.

The synonymy of this species is somewhat complicated.
Zschokke states that Abildgaard in 1793 gave a brief descrip-
tion of this worm, which he called P@nia corollata, and that
Rudolphi, in error, confused it with a Rhynechobothrium which
he named Bothriocephalus corollatus (Rud. Ent, ii. pt. 2, 1810,
p. 63). Rndolphi in 1810 described a worm which he named
7. rajee-batis ; in 1819 he deseribed the same species under the
name Bothriocephalus coronatus, and both these parasites are
apparently the same as that described by Abildgaard under the
name 7, corollata. Leuckart studied Rudolphi's 7. raje-batis
and named it B. bifurcatus. Diesing referred Rudolphi’s
species coronatus to the genus Onchobothrium, and later (1863)
placed it in the genus Calliobothrium. Siebold stated that

Fig. 112 —Acanthobothrium coronatum. A pair of hooks, X 160,
(After Sonthwell.) i

B. coronatus Rud. is the adult form of Seolex polymorphus,
and that B. uncinatus is an intermediate form. Van Beneden
referred Rudolphi's species coronatum to the genus Acantho-
bothrium.,

Van Beneden’s specimen had the following dimensions :—
Length of whole worm, 5 to 10 em. Length of hooks.
150 23 length of fork of hook, 80 p ; length of ripe segments,
5 mm. ; breadth of same, 3 mm.; length of penis. 500 p;
cggs, 30 p. He (van Beneden) figures a pair of bifurcated
hooks at the apex of each bothridium, cach of the latter bearing
an accessory sucker,

Dujardin describes B. coronatus Rud. as being 5 to 3:'5 cm.
in length. No accessory suckers are indicated in his figure,
nor are the bothridia shown subdivided.

Zschokke’s specimen measured 6 to 12 em. in length. He
does not figure the head, but states that the bothridia are
subdivided into three loculi, cach bothridium being surmounted
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by an acecessory sucker and a pair of hifid hooks; the size
of the latter is not given.

Beauchamp’s (1905) specimen measured 13 to 14 c¢m. in
length. He gives no figure, but states that the bothridia
are subdivided into three loculi, each one being surmounted
by an accessory sucker ; there are a pair of bifid hooks to each

bothridium, and at the junction of the forks of each

hook there is o small knob or tubercle.

Yoshida’s specimens (1917) measured about 20 em. in length
and had a single accessory sucker in front of each bothridiun ;
the hooks measured from 180 to 190 g in length, the inner
prong being a little shorter than the outer,

our specimens the largest complete worm measured
about 8 em. in length, and the greatest breadth was about 2 mm.
The total number of segments (counted under the microscope)

fs — Acanthobothrinm etlr_mmhrm. Transverga 3 f mature
e o sogment, X 79 (After Southw-:ll.)mhon §

was about 270; the posterior ones are mych longer than
broad. The genital pores are irregularly alternate and situated
slightly in front of the middle of the lateral margin: the
opening of the uterus on the ventral surface could be clearly
seen in many segments,

Head. The head varies in length from 600 to 825 4 and has
a breadth of from 680 to about 775 p; the four bothridia are
each divided into three loculi by two septa, the anterior loculus
being the largest and the posterior the smallest. Bach is
surmounted by a single accessory sucker having a diameter of
abont 80 pu; between the accessory sucker and the anterior
loenlus of each hothridium there is a pair of bifurcated hooks
having upproximately the following measurements :.—-'l'otal
length, 230 p: length of handle to Dbifurcation, 108 ?f
inner prong, 134 pu: of outer prong, 130 u. TIn Zschokke's

B ——
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specimens the hooks had the following dimensions :—Total
length, 230 . ; handle to bifurcation, 108 i ; inner prong,
140 12 ; outer prong, 130 u. Beauchamp gives the total
length of the hook as 160 i and of each fork as 100 .

Neclk. This measures about 6 mm. in length and has a
breadth of about 700 w ; it is very muscular.

Muscular System. The longitudinal muscles are very strongly
developed, especially the internal layer : posteriorly the inner
bundles decrease in size and become separated from each other.
The circular fibres are well defined and situated between the
outer and inner longitudinal fibres.

Excretory System. There is o pair of well-developed longi-
tudinal vessels on each side, the ventral vessel being slightly

Fig. 114~ Acauthobothriu coronatun., Almost mature segments. x 36,
{After Southwell.)

the larger of the two. The vagina and cirrus pouch run

between them. o
Nervous System, There is a single nerve on each side situated

laterally to the excretory vessels; it is quite prominent.

" The Genital Organs agree closely with the description given
by Zschokke, The testes varied in number from ahout 80
to 120, and there are always more testes on the aporal side
than on the pore side. The eirrus pouch is pyriform and
extends almost one-fourth the distance across the segment ;
a few coils of the vas deferens lie within it. Outside the
pouch the vas deferens runs anteriorly near the middle line in
a number of irregular coils. : ‘

The vagina has its terminal portion (near t:he pore) dilated
almost to the size of the cirrus pouch ; the oviduet is long and
opens into the uterns at a point opposite to the genital pore,
and the posterior extremity ot the uterus is blind. The
uterine pore opens to the ventral surface.

VOL. L. R
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Prosthecobothrinm urogymni Hornell, 1912,

The ahove species appears to be identical with 4. coro-
natum.

Hornell's description is as follows :—° Long, slender cestode,
Head elongated, twice as long as broad, armed with four
large, sessile, elongated and regularly disposed bothridia—each
lanceolate and trilocular, with mobile edges and posterior
tip : anterior extremity of each bothrinm tumid, armed with
a pair of double dark-brown chitinous hooks. Prongs of each
hook slender, equal, curved in two planes, the tips projecting
beyond the anterior margin of the proximal loculus.

“ Neck very long and glender ; proglottides very numerous,
lateral marging slightly curved, posterior slightly overlapping,

Fig: 115 —Acanthobothrivm coronatum. Hend, X 32,
(After Hornell.)

usually twice as broad as long, except for a few of the most
posterior. Length when alive up to 25 cm.  Breadth of head
under 1 mm., of typical proglottides 0:75 to (-9 mm "

Hornell states that accessory suckers are ahsent: the
size of the hooks is not given, and no mention is made of the
genital organs.

The head and hooks, and also the size of the worm resemble
in a remarkable degree those of A. coronatum (Rud...lSl?)) :
fact, the only point in which Hornell's species
differ from A. coronatum is the absence of g0

;in
168 appears to
cessory suckers,
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In this connection it is important to note that nearly all
investigators working on the Onchobothriide have experienced
difficulty occasionally in finding structures admittedly present.
As instances Zschokke maintains that in Calliobothrium verti-
cillatum there is only one accessory sucker to each bothridium,
whereas all otherobservers have seen three clearly. The author
has sometimes found it impossible to find the aceessory suckers
in some specimens of 4. uncinatum (Zschokke) and A. coronatum
(Rud.). Johnstone had difficulty in finding the third loculus
in A. dujardini, and such instances could be multiplied. In
view of these facts, and of the otherwise ¢lose resemblance of
the worm to 4. coronatum, it appears probable that Hornell’s
species is identical with A. coronatum (Rud.). Noting that
Johnstone saw & third loculus in the bothridium of A. dujar-
dini, Hornell proposed a modification of Diesing’s genus
Prosthecobothrium in order to accommodate his (Hornell’s)
specimen, and he accordingly re-defined it as follows i—
“ Scolex with four elongated sessile bothria divided by trans-
verse costae into three loculi; no accessory suckers on the
anterior margins of the bothridia ; a pair of double hooks on
the anterior margin of each bothrium.” It is clear that this
emendation cannot be accepted, first because Hornell's species
15 apparently identical with A. coronatum, and, secondly, because
a form actually exists in which the bothridia are divided into
two areola.

The presence of a uterine pore, or pores, situated ventrally
has been noted in the following species included in the family
Onchobothriide®, viz., Calliobothrium verticillatum, Callioboth-
rium leuckarti, Calliobothrium convolutum, Onchobothrium
nodosum, Acanthobothriuny coronatum, Acanthobothrium unci-
natum (Zschokke).

(2) Acanthobothrium uncinatum (Rud. 1819) van Ben., 1850.

C O (Figs. 116 & 117))

Synonym :—Onchobothrinm uncinatum (Rud. 1819) Blainville,
1825,

From Dasybatus kwhlt and D. walga, Pearl Banks, Ceylon.
Southwell.

The worms vary in length from about 3 to 5 em.; one,
which had obviously died in an extended condition, measured
8 em. ; the greatest breadth is about 1-7 mmy.

Each consists of about 250 segments. The most anterior
segments have a length of 30 ;" the last measure about
460 p in length and 830 p in breadth, but in all probability
larger ones occur.  The genital pores are irregularly alternate,
and are situated slightly behind the middle of the lateral

margin,
: R 2
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Head. The head is almost square and measures about 650 p.
The four bothridia are as long as the head and have a breadth
of about 320 u. Each is divided by two coste into three
loculi, the anterior loculus being the largest and the posterior
one the smallest, In front of edeh bothridium there is a
small accessory sucker having a diameter of from 30 to 40 p,
but these are sometimes difficult to see, although a membranous
flap is clearly visible. Between the anterior loculus and the
accessory sucker of each bothridium there is a pair of bifid
hooks, the outer prong of each hook being much smaller than
the inner prong. The * handle " of each hook lies embedded
in a peculiar matrix or base. The measurements of the hooks
are as follows :—Total length, 90 to 100 p ; handle to bifur-
cation, 32 to 40 g ; inner prong, 55 to 64 s outer prong,
36 to 44 .

Fig, 116, —dcanthohothrium uncinatim. Hooks showing variations
in shape, X 166, (After Southwell.)

Neck. The neck measures about 3 to 6 mm. in length ; its
posterior limit is difficult to fix owing to the fact that the
anterior segments are ill defined. It is somewhat triangular
in shape, the anterior part having a diameter of about 700
and the posterior 200 p.

Mauscular System. This iz very poorly developed; the
longitudinal muscles consist of a number of very small, scattered
bundles which in transverse section are seen to be distributed
about in the cortex. The majority of these bundles have a
diameter of about 10 to 12 g, but many smaller ones ocour,
and also a very few larger, having a diameter of about
25 pp, were also seen. Dorso-ventral and circular fibres werg
very scanty, and could only be seen here and there under a

high magnification,



ACANTIHOBOTHRIUM. 245

Testes. There are from 50 to 60 testes; when fully mature,
each has a diameter of about 45 . In segments mounted
entire they appear to oceupy the whole of the medullary
parenchyma on each side of the embryonic uterus, which
latfer develops early. In cross-section the greater number
lie towards the dorsal surface, but they extend ventrally
almost to the margin of the medullary parenchyma.

Vas deferens. The cirrus pouch, which passes between the
two excretory vessels, lies posteriorly to the vagina, and varies
a little in size and shape. It measures about 240 p in length
and 100 p in breadth. The cirrus is very prominent both in
stained and unstained specimens, and is densely covered with
fine hairs or spinules. A number of coils of the vas deferens
can be seen median to the ecirrus within the pouch. A seminal
vesicle appears to be absent.

Fig, 117.—Acanthobothrium wncinalum, Nearly geavid segments, X 56,
(After Southwell.) .

Ovary. As in type-species. 3

Vagi‘rlm. As 1n 1.—-1. [ztmnatum, excepy that the terminal
extremity is not strikingly dilated ; it is a somcwhat wide
tube having a diameter varying between 21 and 36 p ; recep-
taculum seminis apparently absent.

Vitelline Glands. As in type-species.

Uterus. No gravid uterus was present, but in the most
mature segments the organ was secn as o sumcyleat wide,
ginuons tube avising midway between the two wings of the
ovary and running anteviorly ; eggs are unknown.

" Rudolphi’s original deseription of this worm was as follows :—
* Bothridia each possessing two ridges (coste) ; in front there
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i5 & bifid hooklet, neck very short ; proximal segments rugose,
sueceeding ones varying, some being almost square.”

All observers sinee Rudolphi, except Zschokke (1888) and
Beanchamp (1905), referred to the species uncinatum worms
which had a long neck. a single accessory sucker to each
bothridium, and a pair of simple (not bifurcated) hooks.
Leuckart believed that Bothriocephalus uncinatum Rud. was the
Young form of B. coronatus, but adduced no proof, and Siebold
~ shared the same opinion. Dujardin believed it to be a distinet
speeies : he gives a short.description of the worm, and a poor
figure of the head. Blanchard referred it to the genus
Acanthobothrium, but did not deal with the anatomy. Diesing
placed it in the genus Onchobothrium (as a sp. inquirenda)
along with verticillatum and coronatum. Van Beneden gave
a description of it, and he also figured the worm, rightly
concluding that Onchobothrium uncinatum is very different
from O. coronatum.

Olsson (1867) mentions the worm but gives no details, and
his figures are poor. Diesing in 1863 divided the Tetraboth-
riide into two groups. viz, —(1) Those without accessory
suckers, but *with each bothridium divided into three loculi :
this group contained the genus Onchobothrium only. (2) Those
with accessory suckers and with each bothridium divided
into three loculi: this included Calliobothrium. The species
uncinatum was referred by him to this genus.

Zschokke in 1888 pointed out the fact that Rudolphi’s
species uncinatum had bifid hooks and a short neck, whereas
the wncinatum of all subsequent observers had simple
hooks and a long neck. He accordingly described another
worm under the name wncinatum, which had bifid hooks and a
short neck. He also pointed out that (1) the anatomy of the
forms included in the genera Onchobothrium and Calliobothrium
is similar, and (2) that it is therefore undesirable to retain
the gﬂnﬁs Onchobothrium. It is clearly impossible to say
whether Zschokke’s species is the same as that briefly deseribed
by Rudolphi ; Zschokke, however, is correct in his remarks,
and his deseription must be accepted, but as this species
possesses bifid hooks it must be placed in the genus Acantho-
bothrium van Ben. :

Beauchamp (1903) proposed the name O. pseudo-uncinatum
for the species possessing one pair of simple hooks to each
bothridiam. and this, too, must be accepted,

A comparison of the measurements of our worm and
Zzchokke's is given below.

There can be no doubt that the Ceylon specimens are
identical with A. wncinatum (Zschokke). The only other
species having bifurcated hooks, the outer prong of which is
much shorter than the inner. are :—(a) 4. pawlum Linton,
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1890 : this ‘species has only about thirty segments, and
measures from 5 mm. to 19 ¢m. in length ; the hooks have
a total length varying between 140 to 200 p in different
specimens, the largest prong being 100 to 140 p.
(b) A. brevissime Linton, 1909 : this worm measnres from
1 to 2 mm. and has about 10 segments only ; the hook has
a total length of about 120 p : the outer prong measures about
66 to 72 u and the inner 86 to 90 u.

Zechokke's
Onchobothrivm
wieinatum.

Caylon spocimens.

Longth of worm......cccooeveiienr. 20 mm, to 45 cm. 3 to 5cm, One

8 om,
Breadth of worm ........o..ooieee- 1°2 mun. 1°7 mum.
Length of neck i, 5mm, to 1 cm. 3 to 6 mm.
Longth of head .._......cocrvers-- 7004 Sulst
Breadthiofl head «.voevnveenenseseens 600 p G50 p1
Length of bothridia ............... 600 5. 050 4
Breadth of bothridin............... 270p 320
Length of hook .,.......... ococeee 110 to 126 g 90 to 100 p.
Handle of hook ... ................ 23p 20p
Handlo to bifureation ... 46 0 p
Outor prong ..vveviiceeeinrennee. 38 to 4 36 to 44 4.
Inner prong 2 p 55 to 04 .
Number of sogments..........,... 150 to 200 250
Number of testes ... ..., 50toG6 50 to 60

(33) Acanthobothrium dujardini van Ben., 1850. (Figs. 118 &

119.)

Synonyms :—-Onchobothrim (Acantholotioiuwmn) papilligerum

Diesing, 1854 Py
Prosthecobothrinm dujardmit DResing, 1863,
Acanthobothrivm coronaluit  Vars, of Pintner and

Niemiee, > -
Acanthobothrinm brevissime Linton, 1908,
Prosthecobothriwm dgardinii (van Ben.) Johnstone,

1910,
Acanthobuthrinm semnovesiculuom Verma, 1928,

From (1) Dasybatus walga, Ennur, Madras, India. Pearson,
2) D. sephen, Rivers Ganges and Jumna, Allahabad, India.

erma.

The worms vary in length from 1 to 2 mm. and the
maximum breadth from 166 to 220 1. The strobila contains
from ecight to twelve segments, the last measuring 480 p in
length and 140 to 170 p in breadth ; the gcnita}l pores are
irregularly alternate and situated o little anteriorly to the
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centre of the lateral margin of the segment. Calearcous
corpuseles were very abundant.

Head. The four bothridia vary a little in size and shape,
measuring about 220  in length and 75 p in breadth. Their
surfaces are divided by two coste into three loculi, of which
the anterior is the largest and the posterior the smallest.
Sometimes it is difficult to see more than two loculi. Anterior
to each bothridium there is a triangular pad bearing a single
accessory sucker.  Between the anterior loculus and aceessory
sucker of cach bothridium there is a pair of bifurcated hpokS,
the outer prong of easch hook being shorter than the inner

Fig. 118, ~ dcanthobothrium dujardint. Entire worm, X 56,
(After Sonthwell.)

one. The dimensions of the hooks are M_follo‘\fs :—-.Tf;ml
length, 115 to 123 p; handle to bifureation, 33 to 3(”:.,
outer prong, 66 to 72 u; inner prong 86 to 90 p. The
inner prong bears a small tubercle near 1ts origin, :

Neck. The neek is very short, measuring only about 200 p
in length. It is armed with innumerable spines. Bands of
stout longitudinal muscles could be clearly seen running to the
head.

Details of the museular, excretory, and nervous systems are
not known.
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Testes. There are about twenty oval testes, having their long
diameters parallel to the transverse axis of the segment ; they
are arranged on each side of the median longitudinal line.
Théy vary in size within fairly wide limits, the anterior and
posterior testes being smaller than the rest.

Vas deferens. The cirrus pouch is large and conspicuous,
extending in the median direction to the centre of the segment.
Tt measures about 75 w in length and 40 u in breadth, The
cirrus is thickly beset with small spines @ a few coils of the vas
deferens lie within the pouch, but its courss outside the latter
organ is very short, No seminal vesicle has been observed.

Ovary. This is an U-shaped organ extending on the pore

Fig. 119,— gcanthobotliriunt dujardini. Headl, X 216,
(After Sonthwell.)

side to the cirrus pouch, the aporal half being only about 30
longer. Both arms have a diameter of about 20 p.

Vagina. The vagina runs anteriorly to the cirrus pouch, 1_111(1
is a thick-walled tube having an evell diameter of about 15 p.

From the pore it extends in the median dircetion; ourving
round the median extremity of the cirrus pouch, it pursues :{

slightly sinuous conrse dircetly backwards to the ovares.
receptacuium seminis is apparently absent. o4
Vitelline Glands. These consist of a gingle row 9( OV&]‘M]lu
extending the whole lcugth of the segment immediately
internal to the subeuticular muscles.
The uterus has not been described and the eggs are

unknown,
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(4) Acanthobothrium herdmani Southwell, 1912. (Figs. 120,
121, & 122.)

From Dasybatus kuhli, Pearl Banks, Ceylon. Southwell.

The worm econsists of over two hundred segments and
measures about 6-3 em. in length and 2 mm. in breadth |
the genital pores are irregularly alternate and situated near
the middle of the lateral margin.

Fig, 120.— Acanthobothrivm herdmani, Hooks, X 250,
{After Sonthwell.)

Head. The head measures about 1-3 mm. in l(;ngt:h and
1-6 mm. in breadth. The four bothridia have their surfnges
split up into three loculi by two septa, the anterior loculus .b(.:mg
the largest and the posterior the smallest ; each bothridium
is surmounted by a single accessory sucker. Between the

Fig. 121, —Acanthobothrivm herdmani. Horizontal section of mature
gogment, X 46, (After Southwell,)

anterior loculus and accessory sucker of each hothridium there
it & pair of bifid hooks, the outer prong of each hook being
shorter than the inner prong. 1In this respect A. herdmani
bears a slight resemblance to 4. uncinatum (Zschokke), but
the hooks of the two species differ widely in size. In
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A. herdmani they have the following dimensions :—Total
length, 200 p; handle to bifurcation, 97 u : outer prong, 90 p
to 96 1 ; inner prong, 126 p.

Neck. The neck varies in length from about 2 to 5 mm.
and merges imperceptibly into the strobila.

Muscular System. A well-developed layer of subeuticular
fibres is situated immediately beneath the cuticle. The dorso-
ventral fibres are prominent; the principal muscles consist
of a single layer of large longitudinal bundles, internal to
which there are a few circular fibres, but the latter are scanty.

Y
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Jrinm herdma ni.  Horizontal section of gravid

Fig, 122 —; ¢
g Aeanthobot (Aftar Southwall,)

segment, X 70

Ezxcretory and Nervous Systems. As in A, coronatun.

Testes. There are about 100 testes, each having a diameter
of about 75 @ at first they are situated in two lateral
groups. When mature. they occupy the whole of the dorsal
surface. On the pore side about sixteen testes lie postenorly
to the cirrus ¢

pouch. e hahind

Vas deferens. The cirrus pouch is large and situat
the vagina: the cirrus is armed with very numerous small

spines, and a number of coils of the vas deferens lie within
the pouch. Outside this organ the vas deferens extends to

the middle of the segment. and then turns forwards.
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Ovary. The ovary is a bilobed organ situated posteriorly,
each lateral extremity being extended fan-wise. It is composed
of oval acini, the largest of which measures about 75 p in
length.

Vagina and Vitelline Glands. As in type-species.

Shell Gland. This is a small granular organ situated behind
the centre of the ovary.

Uterus. The uterus arises as a solid mass of cells running
from the ovary to the anterior extremity of the segment.

Later on it becomes hollow and, as it develops, the walls

become lobulated. Eventually it fills the entire segment, the
cavity being split up into compartments by ingrowths of the
uterine wall,

(H) Acanthobothrium ijimai Yoshida, 1917. (Iigs. 123, 124,
125, & 126.)
Synonyms t— eanthobothrium coronatum Johnstone, 1906, not

Rudolphi, 1819. ‘
Acanthobothrium coronatum Linton, 1901, not Ru-

dolphi, 1819.
Tenia meognita MacCallum, 1921,

From Narcine timlei, Negapatam, S. India, and Chiloscyllium
sp., Pearl Banks, Ceylon. Southwell,

The wornis vary in length from about 2 to 5 cm., and they
have a maximum diameter of approximately 1 mm,

The total number of segments, counted under a microscope,
varies from about 80 to 100. The most anterior ones have
a length of about 18 g and a breadth of about 830 u. The
largest has a length of 1:5 mm. and a breadth of 900 u. No
gravid segments have been seen : the edges of the proglottides
are straight, not tonvex. The genital pores are irregularly
alternate and are situated distinetly behind the centre of

the lateral margin.
Head. The head varies from about 1 to 1:2 mm. in length

and from 900 p to 115 mm. in width. The four bothridia have.

a length of from 700 to 760 g and a breadth of 450 to 530 p, but
vary considerably. They are each divided into three loculi, of
which the anterior one is the largest and the posterior the
smallest, Overhanging ecach anterior loculus is a pair of
bifurcated, equal-pronged hooks having the following dimen-
sions -—Total length, 133 to 144 u; bhandle to posterior
point of bifurcation, 54 to 61 p; inner prong, 80 to 83 p;
outer prong, 80 to 92 p. These hooks vary in shape a little,
and the internal prong of each bears a somewhat large
tubercle. In front of each pair of hooks there are three
large aceessory suckers, each very muscular and situated so
close together that their walls are in contact. Their diameter
varies from about 120 to 180 p.
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and has a diameter of from 900 pto 1 mm. It narrows a little
posteriorly.

Muscular System. This is very poorly developed, and consists
of a few exceedingly small lmlgitlulihul fibres. In the neck,
Eg;:{t\'er, about eight large bundles can be seen running to the

Ezeretory System. This also is very feebly developed ;
there are two very small vessels on each side which frequently
cannot be seen at all. The dorsal vessel is the larger of the
two, and the vagina and cirrus pouch run between them.

w

Fig. 125~ deanthobothrinm iimai, Male mature segmont, X 69,
(After Southwell.)

Testes. The testes vary in number from about 90 to 110
in unripe segments they are oval and are distributed in trans-
verse rows in the lateral fields. When mature they are still
oval in shape, and have a maximum length of about 180 p
and a breadth of about 55 p ; in total mounts they appear to
occupy the whole of the segment, and their arrangement in
transyerse rows is lost, .

Vas deferens. The cirrus pouch is a large and conspicuous
organ varying a little in size and shape ; it 18 usually oval, ﬂ!‘d
measures about 380 @ in length and 230 p in breadth. It lies
Posteriorly to the ecirrus and runs between the two excretory
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vessels. The cirrus is also a prominent organ, and is densely
armed with very minute spines. A few coils of the vas deferens
lie within the pouch, but outside the pouch it can only be
traced a very short distance. A seminal vesicle appears to
be absent. ;

Orary. The ovary does not begin to appear until the testes
are fully developed. It is then an U-shaped organ sltuatc:d
along the posterior and postero-lateral margins. The two
limbs are not of equal lengths, for on the pore side it only
extends to the posterior margin of the cirrus pouch, whni:j
on the aporal side it reaches more anteriorly 3 T'lllfl Poh
limb measures about 530 u antero-posteriorly, while the
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Fig. 126~ Acanthobothrium ij; Mai.  Mature segment, X 40,
(After Smthwell.)

aporal one is about 750 p. Both have a diameter of from
170 to 220 p.

Vagina and Vitelline Glands. As in type-species.

Uterus. No trace of the uterus can be seen until the ovaries
are fairly well developed. In the most mature segment (no
gra.vi(l segments have been seen) it consists of a tubular cavity
with irregular lateral outpocketings running along the middle
line from the postérior to the anterior extremity ; eggs
unknown.

The only species of the genus Acanthobothrium which
possesses & triple accessory sucker to each bothridium jg
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A. ijimai. Yoshida deseribed the species from three speci-
mens in which the genitalia had not developed ; a comparison
of the genital organs is therefore impossible.

It will be noted that the size of the bothridia and neck vary
considerably, but not to a greater extent than the author has
frequently observed in preserved speeimens of other species.
Yoshida states that of the three accessory suckers one is
twice as long as the other two. In Johnstone’s specimens the
suckers varied a lictle in size, but no constancy was observed.
In Yoshida’s specimens the hooks had a maximum length of
110 o, whilst in Johnstone’s specimens they measured about
144 . It will be noted, however, that Yoshida's types were
immature, There can, I think, be no doubt that Johnstone's
worms are identical with Yoshida's type 4. ijimai.

Linton’s specimens measured about 5 om. 1n length ; each
bothridium bore three accessory suckers the hooks had the
following dimensions :—Total length, 170 ¢« ; handle to bifur-
cation, 66 p; outer prong, 08 p ; inner prong, M4 to 104 p s
length of head, 825 to 900 g ; breadth of head, 750 to 825 .

The neck measured about 5 mm. in length, and the anatomical
characters of Linton’s and Johnstone’s gpecimens arce identical.
- . T - *
Linton (* Parasites of Fiches of the Woods Hole Region )
figures the species as possessing three accessory suckers to
each bothridium.

(6) Acanthobothrinm macracanthum Southwell, 1925, (Figs.

127 & 128.)

From Urogymnus sp.
Hornell. ) ! :
The worm measures 21 cm. in length and its maximum
veral hundred segments §

breadth is 700 g ; it is composed of se

about s hundred of the anterior ones are exceedingly shallow,
and many of them can only be seen under a high-power
magnification. The last proglottid measures 900 p in length

and 340 g in breadth. _
The genitu] pores are irregularly l}ltemnte and situated
laterally ; their position varics considerably ;.  oceasionally
they are placed at the middle, and even very slightly pos-
teriorly to the middle of the lateral margin of the segment.
Usually, however, they lie a little in front of the centre, but
occasionally they are actually in the anterior third of the

Segment.,
Head. This measures 1§ mm. in length and its breadth is
in length and 450 p

1 mm.; each bothridiom is 1-5 mm.
in breadth : the anterior loculus attains 650 p in length and

the middle and posterior ones each 300 p in length., In front
of each bothridium there is a pair of very large bifureated

(? asperrimus), Pearl Banks, Ceylon.
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hooks, the inner prong of which is longer than the outer
prong and bears a tuberele ; the size of the hook is as follows (—
Total length, 490 o ;: handle to bifureation, 220 p; inner
prong, 300 p: outer prong, 235 to 245 p; in front of each
pair of hooks there is a single accessory sucker having a
diameter of about 75 p.

Neck. The neck measures about 1 mm.

Deotails of the muscular, excretory, and nervous systems
are not known, as only one specimen was available, but in the
neck there are four stout muscular bands, each having a
diameter of 75 ¢ ; a single band runs to each bothridium.

Fig. 127.—Acanthobothrium macracantiuun  Head, X 35.
(After Southwell.)

Testes. The testes appear about 3 mm. behind the head ;
they vary in number from about 42 to 53 ; aporally there are
from about 25 to 32 ; on the pore side there are from 10 to 15
anteriorly and 7 or 8 posteriorly to the cirrus pouch. When
fully developed they ecach have a diameter of about 55 p, and
they occupy a very large nuniber of segments.

Vas deferens. The cirrus pouch lies behind the vagina and
extends almost to the middle of the segment ; the cirrus is
long and lies coiled within the pouch : it is armed with
innumerable spines. The median extremity of the pouch is
occupied by a few coils of the vas deferens ; outside the sac
a few loops of the vas deferens can be seen in front of the
eirrus pouch near the antero-posterior axis of the segment, as
in the type-species. No seminal vesicle was seen.

YOL. 1. 8
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Ovary. The ovary appears about 4-5 cm. behind the head,
and it is present in a large number of segments ; it lies quite
posteriorly and is U-shaped ; the poral wing reaches forwards
as far as the cirrus pouch, but the aporal one is longer, extend-
ing anteriorly beyond that level. The acini are globular, and
when fully developed each has a diameter of about 34,
the aporal lobe is composed of about 33 and the poral of
about 29 acini. The two oviduets, one from each half of
the ovary, are prominent and meet in the middle line, just
in front of the posterior extremity of the ovary, to form a
common oviduet, ¢
Vagina. Asin the type.speeies; the poral swelling extends

quite one-third the distance across the segment and appears

Fig. 128, —Acanthoboth s oo spqeantliii TR N
(After southwell)

to function as a receptaculum seminis § 1o other dilatation
was seen on the Vagina, but at the median extremity of the
enlargement it is throwy into a number of coils,

Shell Gland. What appeqrs to be the shell gland consists of
granular maverial disposed as a small globular mass round
the fertilization canal: it had a diameter of about 20 u.

Uterus. The uterus only differs front that of the type-species
in that its posterior extremity is continuous with the oviduct ;
Nno eggs were Seen. 5

In the table on p. 259 g comparison is made between the
six different species of the genus Acanthobothrium.

]



Pable showing Principal Differences between the Stz Indian Species of Acanthobothrium.

Length of worm... ..
Breadth of worm ...

Hoaud long
Head broad
Neck

Number of segmints
Hook, total length...

Handle to bifureation
Inner prong e

Outer prong

w
12 Museulature

Avcessory suckors ...
BOT0: iz ovesvs snavibent

A herdmand,
68 em,

2 mu.

142 mm.

17 mm.
Long-

Over 200 ; salient,
thick.
200 n

100
126
90 p
1

Irregularly alter-
nating, middle,

Feebly daveloped.

100
Worm  oval in
crosss seetion,

A, uncinatum,

3 to 8 em,

1'% mm,

G650 p

6350

3 mm. to 6 mm.

250
90 to 100 p

32 to 40 p
55 to 64 k&
36 to 44 4
%

Irregularly nlter-
pating, slightly

behind middle, .

Feobly developed.
50 to 60

Base  of hook
54 p to T2p,

A. coronatum.
8 om,

2 .

G600 to 800 p
680 to 770 u

6 mum,

270

230 (260 & Linton),

108 u

134

130 p

1

Irregularly  alter-

nating, front of
middle,

Strongly developed,

80 to 120
Utering pore
present,

A. ijimar,
2 to & em.
1 mum.
12 mm,
9004 to 1*1 mm.

700 to 1'5 mm.
(35 mm, Johnst.)
80 to 100

133 to 170

o4 to Glp

80 o 104

80 {0 98

3

Irregularly olter-
nivting, posterior.

Foobly developed.

B0 to 110

Ao macracanthum,

21 cm,
700 i
1'8 mm,
10 mm,
10 mm.

Saveral hundred,
490 p

220 ¢

300 p

235 to 245 u

1

Position varios;
nenr middle;
irregnlarly al-
ternato,

i

42 to 53

A, dujarding,

1 mm, to 2 cm.
200 to 500 x
200 p

110 p

200 e ; wpiny £

6 to 12

78 to 120 4

(170 3 van Ben, 7)

15 1o 85

Sk to 90 p

30 to 72 p

1

In anterior third
of segment.
Irrogularly
alternate,

r

20
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Genus ITI. CALLIOBOTHRIUM van Ben., 1850.

The four bothridia each carry two pairs of simple (not
bifureated) curved hooks. Bach bothridium is divided into
three loculi by two transverse septa.

Type-species —Calliobothrium verticillatum van Ben., 1850.

Key to Species.

Smnll worms up to 10 mm,, with from ten to s o
EWENEY SOMENTS . . 2+ veiae s soonransatons esohrickti, p. 263
Large Worms with numerous segments, the pos-
terior margins of which e markedly 0,
{1 T TR T DA A ey S A verticillation, p. 260,

(1) Calliobothrium verticillatum (Rud. 1819) van Ben., 1550.

; (Fige. 129 & 130.)

Synonyms :— Hothriocephalus verticillatus Rudolphi, 1819,
Onchobotioium verticillatum Thiesing, 1850,
Tetrabothrinm verticillutum (Rudolphi, 1818) Wage-

ner, 1854,

Erom Carcharis sp., Negapatam, Madras Pres., India.
Pearson.

The specimens vary in length from 2 to 4:5 cm. and the
greatest breadth from 500 p to 1:5 mm. Yoshida has recorded
a specimen which consisted of 580 segments and which
measured 14 om. in length and 1-1 mm. in maximum breadth.
The shapes of the proglottides vary in different parts of the
worm. The most anterior ones have their posterior lateral
margins produced into four triangular flaps, two being dorsal
and two ventral. Further back the middle of the posterior
margin of the segment grows out into a rounded lobe which
later on divides into two. There are then four triangular
flaps on the dorsal posterior margin of each segment and four
similar flaps ventrally. More posteriorly the: four median
flaps (two dorsal and two ventral) disappear, leaving only the
four original lateral posterior flaps. These latter at this stage *
are large and have rounded hinder margins. The genital
pores are situated in the anterior third of the segment and are
irregularly alternate,

Head. This measures 1-6 mm. in length. Each bothridium
is divided into three loculi, the anterior one being quite half
the length of the entire bothridium ; cach of the latter
bears two pairs of simple hooks which measure about 90 p in
length, Johnstone gives the size of the hooks as 95 g and
Yoshida as 100 . There are three accessory suckers to each
bothridium. Zschokke states that there is only a single acces-
sory sucker, and he only figured one, but all other obgervers

(Linton, Monticelli, Johnstone, Yoshida) have seen and figure
three. There is no neck.

-
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Muscular System. This is feebly developed. The longi-
tudinal fibres are extremely small and very .%cémtv. and can
be seen, under a high-power magnification, lying immediately
within the cuticle. No circular ones could be seen. but a few
oblique muscles were observed running bet \\‘cex"the longi-
tudinal fibres.

Lxeretory System. There are two vessels on each side, the
ventral being the larger. The dorsal one lies median an
a little dorsally to the ventral : the vagina and cirrus pO"(«'ll
both run dorsally to the two water vessels,

Fig. 129.—Calliobothrinwm verticillatum. Hend, X 160.
“After Sonthwell.)

vervous System. There is a single nerve strand on each side
lying laterally to the dorsal and ventral water vessels.

Testes. There are about 115 to 135 testes 5 at first these are
situated in the two lateral fields, but when fully grown they
‘extend and oceupy the whole of the dorsal part of the segment.
Bach testis measures about 70 g when mature.

Vas deferens. The eirrus pouch is comparatively small ;
it is pyriform (almost globular) in shape, and in full develop-
ment measures about 130 g in diameter, In the median
direction it only extends to the internal edge of the vitelline
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glands ; it lies dorsally to both water vessels. The terminal
portion of the cirrus is enlarged and glandular, but no spines
were observed. Outside the pouch the vas deferens is ]opg
and coiled and occupies a considerable portion of the anterior
and median part of the segment: it can be very clearly
scen in proglottides in which the testes have degenerated
and the uterus commenced to develop. )
Ovary. The ovary is a large two-winged organ occupying
the posterior quarter of the segment ; it1s composed of rather

large acini. 430
%’agina. The terminal portion of the vagina is glandular and

ouvn

Fig. 130.— Calliohathrinm verbicillatum. Mature segment, X 212,
(After Sonthwell.)

runs anteriorly to the cirrus pouch und’dorsa.lly to both water
vessels. It crosses the median extremity of the cirrus pouch
and then turns and runs backwards. In front of the ovary
it dilates into a receptaculum seminis. The shell gland is
large and prominent and is situated behind the ovary.

Vitelline Glands. In ripe segments these glands occupy the
lateral margins ; extending the whole length of the segment,
they have a hreadth of about 75 p.

Uterus, Zschokke rightly pointed out that in this species
the posterior extremity of the uterus is blind, and the oviduct
runs forward to a point near the genital pore, where it enters the

-
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uterus. The rudiment of the uterns appears very early, even
before the testes are to be seen. It elongates antero-posteriorly
as the segment grows, and when the ovaries are fully deve-
loped the wall of the uterus becomes lobulated. At this
stage it can be clearly seen that the posterior extremity is
blind and not in communication with the oviduct. The latter,
running forwards in an undulating course, enters the uterus,
as noted above, just opposite the genital pore.

Lggs. Unknown.

This species is easy to idencify on account of (1) its hooks ;
(2) the peculiar laciniation of the posterior margin of the
segments ; (3) the genital pore being in the anterior third of
the segment ; and (4) the anterior prolongation of the oviduct.

(2) Callliobothrium eschrichti (van Ben., 1850). (Figs. 131 &
32.)
Synonyns :—Acanthobothriwm eschrickeis van Ben., 1850
Onclobothrivm elegans Diesing, 1854,

]fl‘rom Dasybatus sephen, Chilka Lake, Orissa, India. South-
well.

Van Beneden in 1850 gave the following dimensions of the
worm :—Length of strobila, 4 to 5 mm.: length of hooks,
100 p; length of segment, 8 to 9 mm. (sic, 0-8 to 0-9 mm. ?).
He figures the worm as possessing two pairs of hooks and an
accessory sucker to each bothridium, the latter being divided
by two cost® into three loculi; about seven testes are shown
in each segment.

Linton’s largest specimen (1891) measured 14 mm. and his
smallest 6 mm. He gives the following dimensions of two
living specimens :— Length, 6 to 9 mm. ; length of head, 900 p ;
length of bothridia from hooks to posterior end, 600 to 640
breadth of bothridia, 340 p; length of hooks, 200 to 240 p ;
diameter of neck, 200 to 240 pu; length of last segment,
1mm.; breadth of last segment, 320 to 600 . The total
number of segments in each of the above specimens was about
fifteen.

This author, accepting van Beneden’s statement that the last
segment of van Beneden's worm measured 8 to 9 mm. in
length, calls attention to the fact that in his own specimens
the last segment never measured more than 15 mim. It is
clear that the difference is due to a misprint in van Beneden’s

T,
pa]];tc adds the following detaiis :— Genital pores in the
posterior third of segment : cirrus long and unarmed.
Ovaries two, oblong, on either side of median line, confluent
posteriorly, occupying nearly the posterior third of the
length of the segment. The segmented interior of the eggs
of a stellate shape ; each process knobbed at its extremity.
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The ‘ova’ (eggs ?) measured from 160 to 320 p, after being
in water.” He figures about fifty testes in each segment,
Yoshida’s (1917) specimens measured 4 mm. in length, and -

Fig, 182,

Fig, 131.—Hoead, x 75, (Aftor Southwell,)
Fig. 132—Hooks, x 160, (After Somthweil,)

Colliobothrivn exchvichts,

the greatest breadth was 250 . He does not describe the
anatomy, nor does he figure the worm.

This species is easy to identify on account of its small size
and the shape of the hooks.
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(Genus 1V, UNCIBILOCULARIS Southwell, 1925,

It has been already stated that van Beneden in 1850
*described the bothridia of Acanthobothrium dujardinii as
possessing two loculi on]_x:. and that Diesing in 1863 erected
the genus Prosthecobothrium to accommodate this Species.
In 1870 van Beneden re-figured his species Acanthobothrium
dujardinii, and in this second illustration the bothridia were
shown possessing three loculi.  Beaichamp states that up to
1905 Olsson was the only person who had seen specimens
of Acanthobothrium dujardinii having biloculated bothridia.
Johnstone in 1910 figured a specimen of Acanthobothrium
dujardinii having three loculi, but stated that the posterior
costa and loculus were most *° diffieult to see.”

As the number of loculi in Acanthobothrium dwjardinii either
vary, or one of them is so small that it cannot always be seen,
it is obvious that the species cannot be relegated to Diesing’s
genus Prosthecobothrium. 'This genus aceordingly becomes &
nomen nudum. It was thus necessary to erect a new genus
to accommodate a species having an armed head in which
each bothridium is divided by a single septum into two loculi.
The writer in 1925 proposed the name Uncibilocularis, with the
following characters :—

Each bothridium has its surface divided into two loculi by
a single septum, and is armed anteriorly with either simple
or compound hooks.  Accessory suckers present or absent.

Type-species :—Uncibilocularis trygonis (Shipley & Hornell,
1906G).

Key to Species.

Hooks 140 to 170 4 in length oooooL s veviiaes UL drygonts, p. 265,
Tooks nbout 5004 in Jength, covei i, v U mandleyi, p. 269

(1) Uncibilocularis trygonis (Shipley & Hornell, 1906). (Figs.
193, 184, & 135.)
Synonym i— Prosthecobothrium trygonis Shipley & Hornell, 1906,

From Dasybatus walga and D. sephen, Pearl Banks, Ceylon.
Hornell,

Shipley and Hornell in 1906 deseribed this worm as follows :—

“ One specimen of this cestode was taken from the intestine
of Trygon walga and three from Trygon sephen. The longest
measured, when preserved, 120 mm. in length. The worm is
very narrow, 0-5 mm. only in breadth, though posteriorly it
broadens out to a couple of millimetres, :

“The head is 1 mm. in width. It is square, something like
a cushion which is indented in the eentre and along the lateral
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and dorso-ventral axes. The head is thus divided into fqur
squares of equal area, and each of these squares bears at its
external angle, anteriorly, a large hollow or bothridium, on
the anterior edge of which lie the hooks nmntioncd' below.
Behind each is a single, round, rather small, but quite con-
spicuous sucker. This sucker is a simple sucker and has no
sub-divisions or areolas. On its surface each of the four
squares bears two hooks more or less connected at their base ;
each hook is forked and consists of two unequal-sized prongs ;
of these, that which ig next the diagonal lines or lines adjoining
the bases of the suckers is the larger and bears a tubercle

Fig. 133.— Uncibilocularis trygonis. Head, % 75, °
(After Southwell,)

at its base. The hooks are dark-brown, chitinous-looking
structures.

“ The neck is very long, 2 em. or 3 em. at least. .. The
proglottides are extremely numerous; they have salient
Posterior angles. They always remain somewhat broader
than they are long, even at the posterior end, except perhaps
the very last. . .”

The hooks of this species bear a close resemblance to those of
4. herdmani Southwell, 1912, and A. uncinatum (Rud., 1819),

ut the authors do not give the measnrements, Unfortunately

hipley and Hornell’s specimens appear to have been lost.

—————————
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The worms measure about 6-5 em.in length, and the greatest
breadth is about 1:5 mm. They are composed of a very large
number of shallow segments, ‘which elongate slowly toward
the posterior extremity. The penultimate segment in each
worm was square, and the last segment measured about 600 p
in length and 450 w in breadth, The genital pores are irregu-
larly alternate and are situated laterally very close to the
anterior corner of the proglottis. .

Head. The head measures 750 p in length and 680 p in
breadth in one strobila, and 750 p in length and 825 p in
breadth in the other specimen. The bothridia are from
530 to 570 p in length and 250 p in breadth. They are
divided into two very olear loculi by @ single septum, each
loculus being almost cireular. The anterior one has a

Fig. 134.—Uncibiloculupis trygonis. ‘I'ransverse section of mature
segment, X 75. (After Southwell.)

diameter of 300 p and the posterior of from 180 to 200 pz.
Accessory suckers are absent. Each bothridium bears
anteriorly a pair of bifurcated hooks, the inner prong of which
is longer than the outer and bears a rather large tubercle.
Five hooks had the following measurements :—Total length,
140 to 170 s handle to bifurcation, 54 to 72 u; inner prong,
90 to 105 v ; outer prong, 57 to 65 p.

Neck. Shipley and Hornell state that the neck is 2 to 3 em.
in length, but in the specimens examined segments eould be
traced under a high magnification to a point 1:5 mm. behind
the head.

Musculor System. Annular fibres appear to be absent,
diagonal fibres arec numerous. The longitudinal fibres are very
strongly developed, and in cross-section consist of a single
row of very large bundles running round the segment. The
bundles on the dorsal and ventral surfaces are the largest,



268 ONCHOBOTHRIID.E,

and these have a length of about 130 ¢ and a breadth of 35 p.
The lateral bundles are smaller.

Fecretory System. There are a pair of vessels running along
cach lateral margin; the dorsal one is smaller than the
ventral, and the genital duets run between them.

Nervous System. There is a single large nerve on each side
Iving external to the excretory vessels. '

Testes. There are from about 15 to 20 testes on cach side;
when fully developed, each has a diameter of about 50 .

Vs deferens. The cirrus pouch lies postero-dorsally to the
vagina and between the dorsal and ventral excretory vessels ;
m full development it measures about 170 by 70 u. The
terminal portion of the eirrug is dilated and thiekly beset with
small gpines : the rest of the cirrus, and a portion of the vas

deferens, lies ¢oiled within the pouch. Outside the pouch

the vas deferens is thrown into a large number of coils which

Fig. 135.— Uncibilocularis beygonis.  Mature ségment, X 75.
(After Southwell,)

lie dircetly internal to the cirrus pouch; seminal vesicle
apparently absent.

Ovary. The ovary does not appear until the testes are well
developed, 1t is a bilobed organ situated posteriorly, the lobes
at first being club-shaped, Eventually it becomes a massive
organ composed of a number of large round acini, each of
which has a diameter of about 50 p.

Vagina. The vagina runs anteriorly and ventrally to the
cirrus pouch and bhetween the dorsal and ventral excretory
Vessels. At the median extremity of the latter organ it turns
and runs in the middle line to the ovary. In front of the latter
organ it is much coiled, and dilates into a rather inconspicuous
receptaculum seminis.

Vitelline Glands. These are massive organs running the
length of the segment and situated latero-externally to the
excretory vessels,

=

. ‘.
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Uterus. At first the uterus consists of a somewhat irregular
mass running in the antero-posterior axis. A lumen soon
appears and the walls become lobulated. In full development
the uterus consists of a central portion from which there
radiate laterally, anteriorly, and posteriorly a number of lobes
which entirely fill the segment and present a rosette appearance.
A minute uterine pore appears to open on the ventral surface,

Eqggs. No fully ripe eggs were available ; the ripest were.
either globular, having a diameter of 19 u, or club-shaped,
containing a segmenting ovum which measured 12 ju.

(2) Uncibilocularis mandleyi Southwell, 1927, (Figs. 136 &
137.)
From Hemigaleus balfouri. Pearl Banks, Coylon, Pearson.
In all the specimens the neck is extremely delicate and
elongated, and measures from 5 to 9 mm. in length and G0 p
in breadth. This is probably an artificial condition ; normally

Fig: 1836, Irucibiloentaris mandleyi. A bothridium, X 75
(After Sonthwell.)

it probably measures only 1 or 2 mm. Excluding the neck,
the worms measure from 1 to 1-5 em., and the greatest
breadth is about 180 i there are numerous segnients, the last
one measuring 240 y in length and 160 p in breadth.

All the specimens were immature,

Details of the nervous, muscular, and excretory systems are
not known.
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On account of certain peculiarities of the head the identifica-

tion of this parasite is easy. :
The head has a breadth (terminally) of about 1 mm. ;

posteriorly it is narrower. It bears four simple bothridia
which are wider in front than behind ; each bothridium
measures about 850 . in length and bears a very minute

terminal loculus or sucker posteriorly, i. e., at its free extremity.
This peculiar organ is so small that it can only be seen
when the bothridium is suitably mounted and examined
with high-power magnifications. Anteriorly accessory suckers
are entirely absent. Overhanging each bothridium is a pair
of very characteristic bifurcated hooks, each having a long

i 7 — Uneitiloendaris mandleys, Head, viewed en face, X 75,
R (After Sonthwell.)

. internal prong of each hook is longer than
:-ll?(;ld(iit’erfll:;, and at ‘I: disg;ance .of ahput. 1_00,1, from its
extremity there is situated a peculiar vesicule in the body of
this larger prong. In the Jargest head the hooks ha\_,'e the
following measurements :—Total length of l‘;ook, 500 g ;
handle to bifurcation, 340 g ; inner prong, 290 . ; outer
prﬁﬂﬂi? geculinrity which the writer has not noted prcv§ously
in any other species of cestode is t!w fact that not only did the
heads vary in size within wide limits, but on the smaller heads
the total jength of the hooks was only 200 iz, Heads bearing
hooks of a size intermediate between 200 and 500 p have
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been seen. It has not been usual, in the writer’s experience,
to find a growth series, with reference to hooks, in a collection
of any species of cestode from any host.

The worm clearly belongs to the genus Uncibilocularis.
1t differs from U. trygonis Shipley & Hornell, 1906 (the only
other species of this genus) in the size and shape of the hooks.

Genus V. PLATYBOTHRIUM Linton, 1890, emended.

Linton’s original description of this genus, founded on one
species, was :—"* Body articulate, tanieform, head decidedly
flattened, squarish or trapezohedral. Bothria four, sub-
triangular, sessile, arranged in marginal pairs, armed with
compound hooks and each terminating posteriorly in a cup-like
deépression or loculus. A single indistinet eireular depression
(supplemental disc ) on each bothrium in front of hooks.
Genital apertures marginal.”

Type-species :—Platybothrium cervinum.

The description by Linton of a second species necessitated
the emendation of the characters of the genus as follows :—

Bothridia four, arranged in marginal pairs ;  their surface
is divided into three loculi by two septa ; each bothridium bears.
a pair of hooks, one of which is bifurcated and the other
trifurcated.

Hornell (1923), apparently unaware that Linton had estab-
lished the genus Platybothrium in 1890, erected another genus
which he also named Platybothrium, with the following
characters i(—

“ A tetraphyllid having four discoidal unilocular bothridia .
centrally situated between them is a stout, strongly muscular,
prominent, anterior sessile sucker. The larve only are known.”

Hornell also applied the name Platybothrium sardinelle
to a larva measuring about 1-5 mm. which ocours in the
pvloric ceca of the Indian sardine (Sardinells lomgiceps).
The larva apparently multiplies endogenously, for he states
that the number of larvee in each cyst varies greatly ; the
smallest number was 2 and the greatest 1837 The larva
appears to be a specimen of Scolex pleuronectis. Only one
species of this genus has been recorded from India.

(1) Platybothrium cervinum Linton, 1800. (Figs, 188, 139, &
1:40.)

Synonym :—Platybothrium spinulifera Southiwell, 1912,

From Galeocerdo arcticus, Pear] Banks, Ceylon, Southwell,
The species was described from a single specimen which
had the following dimensions :—Length, 6:7 cm.; length
of head, 520 i ; greatest diameter of head, 540 i length of
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hooks, 160 y ; length of neck, 1:6 ¢m. ; length of last segment,
1-4 mm, ;  breadth of last segment, 400 p: length of ecirrns
pouch, 220 p; breadth of ecirrus pouch, 55 .

The worm is composed of a large number of segments ;
mature proglottides have not been seen. A full description
of the genital organs has not been given, but Linton statea that
(1) the ovary was bilobed ; (2) the terminal part of the vagina
was situated in front of the cirrus pouch ; (3) the median

Fig. 138.

Fig. 130,

Platybathritm éervinints

Fig. 138.—Hooks, ¥ shont 133 (After Linton.)
Fig. 139, —Head, x 160. (After Southwell.)

extremity of the vagina (near the ovary) was dilatcd.; (4) the
eirrus pouch was bent in the middle : and (5) the genital pores
were marginal and near the middle (in his figure they are
shown slightly anterior to middle). ‘
Linton further states that * there appears to be a faint
supplemental dise . . . although its identification in aleoholie
gpecimens is not altogether satisfactory . . . with regard to the

An
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occurrence of supplemental dises in this species, 1 am in some
doubt. When the living worm was first examined . . . the
anterior ends of the bothria were somewhat elongated and
rounded, with a circular depression showing plainly in each.
When I examined the specimen an hour or two later, in order
to obtain measurements, the anterior ends of the bothria were
abruptly truncated and there was no sign of circular depressions.
... It would appear that the anterior ends of the bothria
contract or fold inward, thus obscuring the faint depression,
which is probably to be regarded as a supplemmltal dise.”
He describes the posterior transverse costa of each bothridium
as follows :—*In the sketches made of the living worm it
appears to be a transverse costa which is convex t‘“‘f‘“d-“ the
front, lying near the posterior end of the bothrium and

Fig. 140.—Platybothrium cervinum, Mature sogrment, X 160,
(After Southwell.)

making a loculus in the face of the bothrium. In the
alcoholic specimen, however, the appearance is somewhat,
different. Bach bothrium appears to become somewhat
tubular at its posterior extremity, and what, in the living
gpecimen, appeared to be a posterior loculus now seems to be
the thickened tubular end of the bothrinm. The inner
boundary of this tubular end extends farther back than the
outer boundary, so that the appearance in a specimen which
had been slightly compressed would, of course, be the same
as if the bothrium were crossed by a transverse costa near the
posterior end. The faces of the bothrium are but little

hollowed out.”

YOL. I. T
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Minute spinules on the head, neck, and segments were first
deseribed in 1924. Discussing the systematic position of this
form, Linton pointed out that the species is unique amongst
armed Phyllacanthing in having a flattened head and marginal
pairs of bothridia, At the same time he considered it allied
to the genus Prosthecobothrium, from which he stated that it
differed (1) in having accessory suckers, and (2) in the
bothridia having a definite posterior loculus instead of a
posterior sucker. Further, he concluded that the doubtful
character of the accessorv sucker, the shape of the hooks,
and the fact that he was unable to decide deﬁnitelx whether
each hothridium was divided into two or three loculi, did not
allow its inclusion in any of the three genera (‘allrobollmfn{z,
Acanthobothrium, and Onchobothrium. The flattened bothridia
and theirarrangement in marginal pairs were furt I'wr' considered
by Linton to prevent its inclusion in the genera Cylindrophorus
and Phorciobothrium.

Platybothrium spinulifera Southwell, 1912

The author in 1912 described under the above name a worm
which was believed to differ from P. coreintm in being much
smaller, bearing large numbers of minute spines on the head,
neck, and parts of the strobila, in ha ving lmo!cs slightly (hﬁ'm:(-nt
in shape from those of P. cervinum, and in the proglottides
being broader than long, except the last three or four. The
writer is now satisfied that P. spinulifera 1s identical with
P. cervinum Linton, z

The worm when alive measures 3+3 cm. 1L length and has &
maximum breadth of about 600 w, being composed of about
150 segments. The genital pores are irregularly alternate,
situated either at the middle of the Jateral margin or a little
anteriorly or posteriorly to the centre. Th‘;?_ largest posterior
segment measures 530 p in lenzth f“‘d 270 p in breadth.
Except the last two or three proglott-ulc.«. the entire worm is
covered with spines. S

Head. The head is almost square and measures about, 350 je:
There are four bothridia ; each bothridinm measures about
270 p in length and has a br sadtl .
i split up into three Joculi, but the posterior one is
froquently very difficult to sce. The anterior loculus occupies
more than half the length of the ll(lllll'lf'lllllll and has strong
musoular marging, The posterior one differs very markedly
from the anterior in being a much more delicate structure
and in the muscular margin either being absent or only
slightly developed,  Each hothridium bears a well-marked

fccessory sucker at its apex. The size and shape of the

1 of about 150 . ; its surface

*
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hooks is mot known. The entire head is densely covered
with minute spines which measure about 13 to 18 j.

Neck. The neck varies in length from 1-:5 to 4 mm. and
has a breadth of about 210 u ; it is also densely covered with
spines.

Muscular System. This is very feebly developed. The
longitudinal musculature consists of a number of extremely
minute bundles distributed throughout the cortical parenchyma.
Circular fibres are practically absent; a few discontinuous
ones can occasionally be seen. The oblique museles are more
NUMerous.

Lxcretory System. There are two vessels running along the
lateral margins, the dorsal one being much smaller than the
ventral. The vagina and cirrus pouch run between them.

Nervous System. A very small nerve runs along each lateral
margin externally to the water vessels,

Testes, The testes vary in number from about 42 to 90.
On the pore side the number lying posteriorly to the cirrus is
from 7 to 15, whilst anteriorly to that organ there are from
12 to 220 The remaining testes are situated aporally and
anferiorly ; those in the anterior part of the segment are
frequently smaller than the rest, and erowded together. The
diameter of the largest mature testis is about 33 p.

Vas deferens. The cirrus pouch in full development extends
about one-third to one-fourth the distance across the segment, ;
it measures about 150 p in length and 75 p in breadth, and is.
situated posteriorly to the vagina ; it runs between the dorsal
and ventral water vessels. The bend in the eirrns pouch
desceribed by Linton in P. cervinum was not seen in specimens
of P. spinudifera. The unarmed cirrus is dilated and bhas
glandular walls ; it occupies practically the whole of the
pouch. The course of the vas deferens outside the pouch is
short ; immediately median to the latter it narrows to a very
delicate eoiled tube,

Ovary. This is situated posteriorly ; it is usually bilobed,
but its appearance varies considerably according to the state
of development and the contraction or elongation of the
segment,

Vaging. From the ovary the vagina pursues a curyved eourse
ta the pore, passing between the dorsal and ventral water
vessels and opening anteriorly to the cirrus; in contracted
sogments it is frequently thrown into small convolutions.

Shell Gland. This i a small round organ placed in the
middle line behind the ovary.

Vitelline Glands, These ave situated on each side immedintely
beneath the cuticle ; they extend the whole length of the

*Sogmeut except where nterrupted by the cirrus pouch and

vagina,
T2
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Uterus. Only the rudimentary organ has been deseribed :
it consists of a solid, densely granular mass extending in the
median line from the ovary almost to the anterior extremity
of the segment. Eggs unknown.

(GGenus VI, PEDIBOTHRIUM Linton, 1909, emended.
Synonym :—Plyllobothroides Southwell, 1911,

Linton defined this genus as follows :—* Body tenuiform,
articulate, head separated from the body by a distinet neck, and
provided with four distinet, cruciform armed bothria, without
auxiliary suckers, cost@, or loculi. Each bothrium i3
strengthened by a strong muscular ring with a thin, more or
less leaf-like border, and i armed at the anterior end with a
pair of compound hooks. Each hook consists of two unequal
prongs which rise from a flattened base. This basal part of
the hook has a characteristic shape in each species. The
neck is traversed by conspicuous bundles of longitudinal
muscle fibres.

“This genus i separated from the genus Acanthobothrium
by the absence of coste, and from Phoreiobothrium by the
character of the hooks, which have two instead of three
prongs, and further by the absence of loculi on the bothria. . ..

Type-species :—Pedibothrium globicephalum Linton, 1909,
from Ginglymostomum cirratum.

In order to accommodate a species of the genus Pedibothrium
which possesses rose-thorn-shaped hooks it is necessary to
emend the characters of the genus as follows :— /

Head consists of four simple, undivided, leaf-like bothridia
armed with simple or compound hooks.

Key to Species.

1. Hooks rose-thorn-shaped .. ............ P hutsoni, p. 282.
]loo]cs] bifu;mtfeﬂ. not rose-thorn-shaped . 2, 4

2, Total length of hook 864, ,,........... P. globi 27
Total length of hook 160 to 913 j: siall 2 o cephaluin, p. 20,

worms with only 10 to 30 segments .. P longispine, p. 279.

(1) Pedibothrium globicephalum Linton, 1909, (Firs. 1. g
) 143, & 144.) P 9. (Figs. 141,142,

From Pristis cuspidatus, Pearl Banks, Cevlon. Pearson

Linton describes this species as follows ¢ 14 BN
in preserved specimens, globular, ~ Bothria ovate, projecting in
fron of hooks, and supplied with prominent, mar‘ginal border ;
each armed with a pair of small two-pronged hooks. The
prongs are only moderately cury.

ed and ape of unequal size
. s i
the inner one being the shorter, The common base is somewhat

“ Head, especially
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elongated. . .. Genital cloaca on lateral margin, a little
behind the middle ; vagina in front of the cirrus, at first at
right angles to the axis of the segment, then parallel with it
to the paired ovaries near the posterior end of the segment.

Fig. 141,

Fig. 142,

Pedibothrinm globicephal um.

Fig. 141.—A bothridium, x 72, (After Linton.)
Fig. 142.— A hook, X 250. (After Southwell.)

“Phe vitelline glands form a marginal border throughout,
except at the extremities. As a rule they extend but a short
way back beyond the ovaries. . . . The uterus is spacious and
lies;between the ovary and the angle of the vagina. The ovaare

m,
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Fig: 143.— Pedibothrium 5,vt'ob|'crp!mlum. Transvirso soction of immature
gegment, showing musculsture, X 160,  {After Qouthwell.)

amber colour, thin shelled, mostly eollapsed, and consequently
difficult to measure. The cirrus is long, slender, enlarged at
the base, with exceedingly minute spines, if any. Testes
pumerous, occupying the middle space in front of the vagina,
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sirrus pouch behind vagina and in its angle, but most of the
coils of the vas deferens are in front of the vagina. Length
in life as much as 60 mm.

* Dimensions of a mounted specimen in millimetres : Length,
30 head (compressed), length, 0-96 ; bothrium, length 0-80 ;
breadth, 0:40: breadth of neck. 0-56: distance to first
segment about 1-6 : free seements with ripe ova, length 1-8,
breadth 0-6 - length of hooks, 0:035: ova about 0-025 and

Fig, 14— Pedibothrium globicephalum. Mature segment, X 50,
(After Linton.)

0:018 in the two principal diameters, This species was found
on three occasions in the spiral valve of the nurse.ghark, .

The following additional details were obtained from the
examination of two immature specimens from Ceylon.

Head. The hooks have the following dimensions —Large
prong, including base, 144 p, excluding base, 65 to 70 p;
small prong. including base, 126 p. excluding base, 36 to 40 p,
0 other respeets the head agrees with Linton's description ;
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the genital pore lies slightly behind the centre of the
lateral margin of the segment.

Muscular System. 'The cuticle has a thickness of about
4 p, and immediately beneath it there is a prominent layer of
subcuticular fibres. Dorso-ventral ones are also prominent and
numerous. The circular museles are feebly developed and
can only be seen with difficulty. The longitudinal museulature
consists of a single layer comprising a large number of small
bundles, each having a diameter of about 10 w, distributed
irregularly.

Ezxeretory System. There are two vessels on cach side, one
being directly ventral to the other; the ventral vessel is
much larger than the dorsal.

Nervous System. There is a single small nervé lying laterally
to the excretory yessels on each side.

Testes. There are a large number of testes; on the pore
side of the middle line, none oceur posteriorly to the cirrus
pouch. Only the rudiments of the latter organ and the vas
deferens are known, the former extending to the middle of
the segment.

Ovary. This lies posteriorly, the rudiments observed pre-
senting a bilobed appearance ; the vagina was not developed,
but the rudiment of the uterus was seen extending anteriorly
from the ovary, in the middle line.

(2) Pedibothrium longispine Linton, 1909, (Figs. 145 & 146.)
Syuonym .— Phytlabothroides kerkhami Southwell, 1911

From Chiloscyllium indicum, Galeocerdo arcticus, and Rhina
ancylostoma, Pearl Banks, Ceylon. Southwell,

The following is an abstract of Linton’s description of this
species i— Bothria in life elongate, with crenulate borders
in fresh specimens, flexible, often reflected.... Hooks
relatively long, in some cases equal to half the length of a
bothrium. The two hooks on each bothrium have their bases
apposed and projecting forward to the anterior end of the
bothrium. The two prongs on each hook are long as compared
with the oblong base, and are strongly recurved ; the outer
prong is about the size of the inner, and both are curved in
the same manner, so that the two would lie in the same cur_ved
surface and be nearly parallel. . .. The neck exhibits various
contraction stages in life, but at rest appears to be shghtly
Jarger than the suceeeding part of the strobile. 1In the mqul}ted
specimens it was' seen to be minutely spinose and distinet
from the body, with strong longitudinal muscle bundles of
relatively course strands. Strobila, so far as certainly seen,
filiform. ... Details of the anatomy were not certainly
made out for ripe segments, but are probably much like those
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of P. brevispine. The two species may be distinguished from
each other by means of the hooks, which present quite marked
differences besides that of size. From the nurse-shark (Gingli-
mostoma cirratum). .. All small, with no mature segments.
“ Dimensions of living specimens in millimetres : Head,
length 0-35; breadth 0-35: bothria, length 0:35, breadth
0:21 ; length of hooks, base not included, larger 0-06, smaller
0-03 ; diameter of neck 0-09 ; distance to first distinct segment,
0:42: number of segments 9: last segment, length 0-63,
breadth 0:06. In two mounted specimens the length of the

Fig, 145.— Pedibothrivom longispine, Entive worm, X 18,
{After Southwell,)

bothrium in each was 0-35, and the hooks, including the base,
0:-15."

The author in 1911 described this species under the name
Phyllobothroides kerkhami ; the worm measures 1-5 cm. in
length and containg about 28 segments: the head bears
16 hooks in pairs. The last segment is very variable in size,
the largest (detached) measuring 4 mm. in Jength and 540 p
in breadth. The genital pores are irregularly alternate, and
are situated near the middle of the lateral margin of the
proglottid.

Head. The head is ahout 400 p in length and 340 p in
breadth, The bothridia are very variable in length, as would
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be expected from their great mobility in life. In preserved
specimens the largest measured about 750 g in length and
150 & in breadth. Near the anterior margin of each both-
ridium there is a pair of bifid hooks (fig. 146) having the follow-
ing dimensions :—Total length, 184 to 212 p handle to point
of bifurcation, 72 to 82 w: outer prong, 112 to 140 p; inner
prong, 83 to 98 u.

Neck. This measures from about 230 to 300x in length.
Details of the muscular, excretory, and nervous systems
were not investigated ; a number of broad muscular bands
were noted running to the bothridia,

PTestes. These number about 70, and each testis has a
diameter of about 32 . They lie practically in two single
rows, one along each lateral margin, the aporal reaching
posteriorly to the ovarian lobe and the poral not extending
backwards to the genital pore. In front of the latter there are
a few testes scattered irregularly between the two rows.

Vas deferens. The cirrus pouch lics behind the vagina
and has a length of about 72 p and a breadth of 32 .

Fig. 146.— Podibothrium longispine, A pair of hooks, X 160,
(After Sonthwell.)

The cirrus is not spiny ; when protruded it measures 530 p
in length and 75 y in breadth ; it has a bulbous base lving
outside the pouch, The vas deferens is a conspicuous coiled
tube which, from the median extremity of the cirrus pouch,
runs forwards in the axis for a distance of about 160 u.
No seminal vesicle was observed.

Ovary. This lies posteriorly and consists of two lobes, united
by a narrow isthmus of ovarian tissue. Each lobe is very
long (300 u) antero-posteriorly, and also very narrow (30
to 35 ). ;

The vitelline and shell glands, the uterus and vagina,
resemble those deseribed in P. hutsoni, and call for no comment,
No gravid segments were seen ; the last proglottid in every
worm contained ripe male and female genitalia only. From
observations made on living material the author is of opinion
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that the mauvure proglottides are detached and become gravid
in the lumen of the intestine. An enormous number of
detached segments of very large size, and showing great move-
ment, were frequently seen in the intestine of fish, but it was
almost impossible to identify the parasite.

In 1911 the author, unaware of Linton’s paper, created
the genus Phyllobothroides with the following characters :—
" Head with four simple undivided bothridia, which are
slightly concave. Overhanging the proximal part of each
bothridium is & pair of simple or bifurcated hooks. Neck fairly
long. Proglottides not salient. Cuticle ringed throughout.”
He also described two species, viz., Phyllobothroides kerkhami
and Phyllobothroides hutsoni, but is now satisfied that the genus
Phyllobothroides is identical with Linton's genus Pedibothriumni,
and it therefore becomes a synonym of the latter genus;
also, as noted above, the species kerkhamsi is synonymous with
longispine.  Phyllobothroides hutsoni Southwell, 1911, differs
however, from other species within the genus in possessing
rose-thorn-shaped hools.

() Pedibothrium hutsoni (Southwell, 1911) Sonthwell, 1924
(Figs. 147 & 148.)

Synonym :—Phyllobathroides hutsoni Southwell, 1911,

From Ginglymostoma concolor, Galeocerdo articus, and Rhina
ancylostoma, Pear] Banks, Ceylon. Pearson ; Southwell.

The largest worm measured 6-7 em. in length and the
greatest breadth was 650 p: the last segment, which was
ripe (but not gravid) was 1'4 mm. in length and 750 pin
breadth. The lateral margins of the parasite are perfectly

Fig, 147~ Podibothrinm hutsoni, Hook, X 250,
(After Southwell)

straight, the junction of the gegments not being marked by
any irregularity. The genital pores are irregularly alternate,
being situated very slightly in front of the middle of the
lateral margin.  The total number of proglottides present in

the largest mature (but not gravid) worm is over 100.
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Head. The greatest breadth is about 800 p; it is a little
difficult to say precisely what the length is, owing to the
fact that it merges almost imperceptibly into the neck. In one
or two cases where an approximate measurement was possible
it was about 760 . The four bothridia each measure about
680 g in length and about 300 to 350 w in breadth. Their
anterior rims are very muscular, and in contracted preserved
specimens resemble slightly the suckers of a typical Tania,
having the posterior borders incomplete.

Within the anterior margin of the acetabulum-like thicken-
ing there are two rose-thorn-shaped hooks in each both-
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Fig, 148.—Podiliothirinm hutsoni. Partly gravid segment, X 160.
(After Southwell.)

ridium. Each one consists of a basal portion measuring
70 to 90 1 in length and 30 p in breadth. From this, and
a little nearer one extremity than the other, a curved tapering
hook arises, terminating in a fine point. Tt measures 45 to GO g
in length. The total length of the base and of the hook s
about 110 p.

Neck. This varies in length, but usually measures about
7 mm.

Muscular System. The muscular system is strongly developed.
Tn the neck region the longitudinal bundles are disposed in
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two irregular layers ; between them the dorso-ventral fibres are
well developed. More posteriorly, however, when the testes
appear, only a single layer of large bundles can be seen.
Circular muscles are scanty, but oblique ones are everywhere
prominent.

FEaxeretory System. There are two vessels running along each
lateral margin, the dorsal being smaller than the ventral.

Nervous System. There is a single nerve along each lateral
margin, situated externally to the excretory vessels.

Testes. These vary in number from about 80 to 130, and each
testis has a diameter, when fully mature, of about 54 u. The
largest number is situated in front of the pore; on the
aporal side they extend posteriorly to about two-thirds the
length of the segment. There are no testes on the pore side
behind the cirrus pouch.

Vas deferens. The cirrus pouch measures about 130 p in
length and 30 win breadth. It extends in a direct line towards
the middle of the segment, and its walls are thick and densely
studded with nuclei. The cirrus is dilated and armed with
innumerable fine hooks., The vas deferens lying outside the
pouch is a long convoluted tube, which forms a number of coils
immediately median and anteriorly to the internal extremity
of the pouch. Its walls are also densely studded with nuclei,
and, like the cirrus, it is covered with fine spines throughout
most of its length. No external seminal vesicle was observed.

Ovary. This is a bilobed organ situated quite posteriorly, the
two lobes being connected by a long narrow bridge of ovarian
tissue, Kach half, when fully mature, measures about 130 p
in the antero-posterior direction and S0 p transversely. The
conneeting isthmus measures about 70 p and has a thickness
of about 16 pw.

Vagina. 'I*t:om the pore the vagina always passes in front
of the cirrus pouch;: rounding the median extremity of
which it curves sharply and then runs directly backwards,
passing between the lobes of the ovary. Here it dilates into
a small receptaculum geminis ; slightly behind this organ the
uterus arises. The vagina then bends sharply through 180° and
becomes confluent with the oviduet ; the latter runs forward
and opens to the uterus about the level of the pore.

Shell Gland. This lies posteriorly between the two wings
of the ovary ; it is a rounded organ having a very granular
appearance.

Vitelline Glands, These extend the whole length of the
lateral margin of the segment except where interrupted by
the eirrus pouch and vagina. The acini are rather small
(about 20 w) and lie laterally, five or six deep, on each side.
Two ducts oceur posteriorly, one from each side, and these,
uniting in the middle line, open to the fertilisation canal.
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Uterus. At first the uterus is a simple tube arising between
the two wings of the ovary and running forwards in the

middle line.

Later on a number of lateral pouches arise from

this central stem, and these also enlarge until the uterus fills

the entire segment.

Ripe eggs have not been observed.

Table showing the Principal Characters of the three Indian
Species of Pedibothrium.

¢ . Pedibothrium
Pedibothrium P;‘:f:lb&[ ’)lir'::ml longispine, Pedibothriyem
globicaphalum. £ v TI' tﬁ’ after Fetsona,
nfter Linton, oo ithwell.
Le:%t}:n of }1'6 to 6 om, Small. 1'5 em. 7 cm.
Br:::lt: of )\ GO0 ju 60 1 540 10 650
Length of | 4. Spinosa, .
T JL 16 mm, 420 )1, : 800 e S mm
N‘:’;::’:u;f } Numurons # 9 Abont 28; Over 100,
’ 45 £060 a.
th of g g Baso 70
Dengs }1-;4 0 150 4 18610 2128 3 45 80 4 by
30 .
Innex prong 36 to 40 u 30 83 to ;)8 " —
Outerprong 65 to 70 Bl u 112 to 140 u —
Head globular, No mature  With mature Rose-thorn.
hothridia with sogments gogmonts, shaped
Remarks ... prominent mar- s0em. hooks.

gins,

Genns VII. YORKERIA Southwell, 1927,

The characters of this genus are here emended as follows :—
Head with four armed bothridia, in pairs : each bothl'ldn_lm
oval or cireular and divided into two loculi, one 'of which
is very large and the other very small.  Each bot.hr.idmrp bears
a pair of U-shaped hooks, unequal in size, one being situated
near each lateral extremity of the septum. The genital
pores are irregularly alternate and situated near the middle
of the lateral margin of the segment.

Type-species :— Yorkeria parve Southwell, 1927,

Yorkeria parva Sounthwell, 1927, (Figs, 149 & 150.)

From Chiloscyllium indicum, Pearl Banks, Ceylon. Pearson.
This species was originally described from three heads and
one immature specimen. Since the account was written, a
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number of fully mature specimens have been obtained from
the same host and locality. ) ‘

The worm measures up to 12 em. in length and is frequently
twisted upon itself. It attains a breadth of about 230 p and
is composed of at least 70 segments. The gcm“cal pores are
irregularly alternate and situated near the nud(!le of. the
lateral margin, but in mature segments in the anterior third.

Head. There are four bothridia, in pairs, each pair borne on
a rather long stout pedicel, the two pedicels uniting into a
common trunk, the whole frequently resembling the letter Y

Fig. 149.—Yorkeria pareg,  Tead and a bothridium, X 60,  (Original)

or T in shape. In the original specimens the bothridia appear
undivided, a cireumstance which has sinee been found to be due
to the fact that they are somewhat folded upon themselves.
In the new material each bothridium is quite definitely divided
by a single septum into two unequal loculi, the distal one being
much the smaller. The bothridia may be circular or oval, and
are thickened at the point of attachment to the pedicel. The
entive surface of the head is covered with innumerable
minute spines which have a length of about 10 I Each
bothridium is armed with a pair of U-shaped hooks, these
being very unequal in size and situated one near the
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lateral extremity of the septum. The hooks have the following

. dimensions :—
Large Hook.

Length of long limb...... ... .. . 200 to 260 p
Length of short limb ... .. .. 0000, about 110 p
Distance between the two limbs, ........... 150
IRreRdthOHT00L! PN, o Lo o IR Aol a0

-
L
HE
Fig. 150, —Yorkeria paria. - Sogment, X 48, (Original)
Small Hook.

Length of long limb........ 4 SRS, 105 to 116 g

' Length of short limb............... 75 to SO
Distance between the two limbs. . . .. RO to 90
Breadth of Y00t <= oovntvin visios vvo.. about 25 g

There are about 50 testes, each having a diameter of from
. 45 to 90 p; they occupy the entire segment anterior to the
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cirrus pouch, but do not extend posteriorly to it on either
side. The latter organ is conspicuous and runs almost to
the middle of the segment ; it contains a few coils of the vas
deferens. Outside the pouch the vas is rather convoluted
and runs in the anterior direction. The cirrus is armed with
minute spines. The cirrus pouch and vagina open into a
well-defined genital atrium.

The position of the ovary varies according to the degree of
maturity. At first it lies posteriorly, but in fully mature
segments it is near the junction of the middle and posterior
thirds of the proglottid. It consists of four elongated lobes,
two on each side of the median longitudinal axis: in each
pair one lobe lies immediately dorsal to the other. The vagina
is a very wide duct throughout its entire length. From the
pore it extends anterior to the ecirrus pouch to the middle of
the segment. It then swings backwards and becomes slightly
sinuous, The oviduet runs posteriorly as a long, curved, narrow
duet, turning forwards again and running through the shell
gland, which latter organ is situated behind the ovary.
Anterior to the shell gland it continues as the vagina, giving off
proximally a minute tube, the uterine duct, which latter
dilates near the ecirrus pouch into a well-defined, eylindrical,
thick-walled bag—the uterine sac. The vitelline glands consist
of groups of large acini extending along the whole length of the
lateral margins of the segment. In the vicinity of the ovary
a vitelline duct from each side runs in the median direction ;
they unite into a common vessel which posteriorly opens to
the oviduct at the shell gland.

Genus VILI. THYSANOCEPHALUM Linton, 1889,
Synonym :—Myzocephalus Shipley & Horell, 1906,

Linton’s definition of the genus is as follows :—" Body
articulate, tenieform, Head separated from body by neck,
very small, quadrangular, with four sessile bothria, each
armed with two simple hooks and proVided with a single
loculus in front of the hooks. Neck at first slender, then
expanding into a voluminous mass of lobed and crisped folds.
(enital apertures marginal.” ]

Type-species —Thysanocephalum crispum (Linton, 1889),

The characters of the genus are emended as follows :—

Head small consisting of four sessile bothridia each divided
into two loculi and armed with two simple hooks. A pseudo-
scolex is present.

As Linton’s species 7', ridiculum does not possess a pseudo-
scolex it is placed in the genus Ceratobothrium,

e 3
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Thysanocephalum crispum (Linton, 1889). (Fige. 151, 152,
153, & 154.)
S)'nnnynu:-—I’onllnbo!hn'um thysanocephalum Linton, 1839 ( re-
named 7% erispum).
Thysanocephalum  thysanocephalum (Linton, 1339)

Braun, 1900, i
Myzocephalus narinard Shipley & Hornell, 1006,

From Stoasodon narinari, Pearl Banks, Cevlon. Hornell ;
Southwell.

Linton first described the worm under the name Phyllo-
bothrium thysanocephalum, but a little later made it the type of
& new genus (Thysanocephalum). In 1892 he gave a very fuil
account of the anatomy.

The worm measures up to 1 m. in length, and has 2 maximum
breadth of about 7 mm. The genital pores are irregularly

Fig: 151.=Thysanocephatum crispum. Head end prendogeclex, X 44,
(After Sonthweil.)

alternating, and are situated a little behind the centre of the
Jateral margin. The last segment often measures 8 mm.

in length and 4:5 mm, in breadth.

Head. The head is very small, being only about 350 to
380 i in length and 350 to 400w in breadth, It consists
of four small sessile bothridia, each measuring about
220 e in length and 160 p in breadth, and divided into two
loculi. The marging of the bothridia are thickened and
muscular, being marked with transverse striations. Each
anterior loculus is small and has museular rims also with
transverse stri®; the posterior edge on each side is pro.
duged into a solid, pointed, chitinous spine, These spines
{of which there are two to each bothridium) measure about

YOI 1. (8
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72 p in length, and they all point towards the longitudinal
axis of the bothridium.

Neck. The head is succeeded by the first portion of the neck.
This measures about 200 to 250 x in length, and it has a breadth
of about 90 p. It is terminated pgsteriorly by a large pseudo-
scolex which ranges from 700 © to 1'2 mm. in length and
from 1-2 to 1:5 mm. in breadth. It consists of a massive
fleshy * collar,” ruffled and frilled, resembling somewhat
closely the heads of Phyllobothrium lactuca and P. foliatum.
This pseudoscolex is followed posteriorly by the second part
of the neck. Linton states that in one specimen this
portion of the worm measured 480 mm. Its length, however,
varies within very wide limits, and depends on the size of
the worm. The surface of the second part of the neck appears
scaly under low-power magnifications.

Muscular System. This is well developed. The longitudinal
musculature is seen in transverse sections to consist of a very

scm. u. cp. p. vew vg.

Fig, 162 —Thysanocephalum crispum. Transverse seetion of mature
mgu)uut, X 28,  (After S()lll]l“’e".)

large number of small bundles densely and irregularly crowded
together into a single layer. Median to the longitudinal
muscles is a layer of circular fibres having a thickness of about

20 w. Externally to the longitudinal museles the cortical

parenchyma is well developed, and traversed by numerous
strands of oblique fibres. A layer of well-defined cuticular
muscles i& situated immediately beneath the cuticle.

Exoretory System. There are two lateral vessels on each
side, the dorsal one being much smaller than the ventral an
gituated directly laterally to it, In the posterior segments
the cirrus pouch and vagina run dorsally to the ventral
excretory vessel, but all traces of the dorsal excretory vessel
have disappeared. ¥

Nervous System. There is a single nerve running along each
lateral margin externally to the two water vessels,

Testes. Tn a mature proglottid over 900 testes can be
counted, and each has a diameter of about 72 e

o

——— - A
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Vas deferens. The cirrus pouch is very large, and is situated
behind the vagina. The ecirrus is long, dilated, and has
thickened walls thrown into transverse rugosities ; its terminal
part is cup-shaped and armed with a few spines. The vas
deferens is narrower than the cirrus, and a number of coils
lie within the cirrus pouch. Outside the pouch the vas deferens
forms a very large number of coils in the median line between
the internal extremity of the cirrus pouch and the anterior
prolongation of the vagina. There is no seminal vesicle.
and the coils of the vas deferens undoubtedly act as a reservoir.

Fig. 153 —Thysanocophalum erispum. Mature segment, X 18.
(Aftor Southwell.)

Ovary. The ovary is a large, prominent, bilobed organ
situated posteriorly, composed of rounded and eclub-shaped
acini.

Vagina. The vagina lies in front of the cirrus pouch; its
terminal portion is dilated, and its walls are thrown into
numerous transverse rugosities. From the pore it runs
inwards to the median line. It then bends suddenly and
runs backwards in the antero-posterior axis; at the anterior
extremity of the ovary it narrows considerably, and at this

point the uterus arises and runs forwards, The narrowecd
v2
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pertion, which is the fertilization canal, is continuous with
the common oviduct, and it receives the ducts of the vitelline
and shell glands. No special receptaculum seminis is present.,
but the vagina gradually dilates as it approaches the ovary,
and the dilated portion may be regarded as a receptaculum.

Vitelline Glands. These lie along the lateral margins, extend-
ing the whole length of the segment except where interrupted
by the cirrus pouch and vagina : even in ripe proglottides
they are not prominent. They consist of isolated oval follicles
measuring about 44 by 22 p. The vitelline ducts arise pos-
teriorly and, converging in the middle line, unite and open
into the fertilization canal,

Shell Gland. This is a globular organ situated quite pos-
teriorly between the two wings of the ovary. It measures
about 160 p in diameter and consists of a number of club-
shaped acini radiating from a central portion.  Its duct opens
into the fertilization canal.

Uterus, Gravid segments have not been deseribed. The
uterns arises immediately behind the receptaculum seminis
and runs forward as a tube which presents a beaded appear-
ance, Linton states that as the uterus ripens the wventral
wall of the segment becomes thin, and eventually dehiscence
takes place. Eggs are unknown.
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Figg. 154 —Thysanocephalunt crispion Head, X abont 27.
(After Shiploy and Hornell)

Myzocephalus narinari Shipley & Hornell, 1906,

Shipley and Hornell erected the genus Myzocephalus with
the following characters :—"" Head ' with four slipper-slmpod
bothridia, each divided by a horizontal partition into two
areole. * Head ' surrounded and smothered in four mast
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breadth of 400 . The larvz often have the form of 4, ;

triangle, the broad end being anterior. There are fo:: 18osceles
arranged round the anterior extremity, and a Very r suckers
terminal sucker which is larger than the other foupl'om.mcnt
The body is finely pigmented and calcareous cor T suckers.
present.  In a few specimens the head was iHVap?SCIQS are
in Cysticercus cellulosze, but in the great m&jol_gtn_aﬁed, a5
evaginated. Ity it was

Supet family 1V, LECANICEPHALOIDE 5 noy

Linton in 1890 suggested that the three >
cephalum Linton, 18%)%), Lecanicephalum Lintoien‘iranol)'“o'
Tylocephalum Linton, 1890, should be referred to B:nen:f' ‘a:nd
for which he proposed the name Gamobothriida but &?Jﬂy 2
characters he did not define. As there is no g’enu - whose
bot;t;rium, Linton’s name cannot stan(ll; s Gamo-

raun (1900) divided the order Tetraphylli :

families, viz., Onchobothriide, Plx)-llobotlix-iigsea B
taeniide, and Lecanicephalide (= Gamobothriidze ]:inton) {1(1).
latter containing the three genera noted above. TIn tja ’ﬁ. s:
two families, the head in each species bears four bOthridli‘a.
but in the latter two bothridia are absent, and the head
bears four suckers. For this reason the writer, in 1025
transferred the families Ichthyotaeniide ("—‘Protcocephalida;
La Rue, 1911) and Lecanicephalide to the order Cyelophyllidea
Braun. 1900, emended. This latter order he split into two
suborders. viz., Univitellata and Multivitellata ; in the Jatter
he placed the families Proteocephalide La Rue, 1911, and
Lecanicephalide Braun, 1900. y \

Poche (1926) adopts Braun’s family Leframcephah'dze.

Woodland (1927) discussed the family Lecanicephalida
Braun, and concluded, from the disposition of the muscular
svstem and from the fact that the vitelline glands are lateral,
that a number of genera now placed in that family belong to
the Phyllobothriida, and he proposed, subject to certain
species he named being ultimately proved to be phyllo-
hothrids, that the genera Lecanicephalum, Cephalobothrium,
Balanobothrium, Polypocephalus, and Calycobothrium be in-
cluded in the Phyllobothriide. Of the tWo remaining genera
of the family Lecanicephalidza, Adelobothrium and some species
of the genus Tylocephalum are referred by him to the
Tetrarhynchidza, whilst other species of the genus Tylocephalum
are not relegated to any family, and he proposes awaiting
the results of further investigation before attempting their
classification.

Pintner (1928) splits up the family Lecanicephalide into
four families, namely, Discocephalide, Tetragonocephalida,
Cephalobothriidze, and Balanobothriide.
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The characters of the superfamily are the following :—
Scolex armed or unarmed. bearing four suckers as in the
superfamily Tenioidea. Genital organs arraneed as in the
superfamilies Phyllobothrioidea and Tetrarhynchoidea. 7. e.. the
acini of the vitelline glands are scattered and not ct,)ll-d(;l,ls«(.’d
into a single gland. except In one species.

Family LECANICEPHALIDA Brauu, 1900.

Synonyms :—Gamobothriide Linton, 1889,

Polypocephalide Megritt, 1924,

Nee Lecanveephalidm Ihesinge, 1861,
. Braun defined the characters of the family as follows i —
" The bothridia are fused into a globe-shaped plate ; accessory
suckers may be present or absent : neck long, short or absent ;
genital pores marginal ; found in clasmobranch fishes.” As
thi.s definition appeared .inmlcqunte in the absence of any
evidence that the bothrdia were cver separate, and as a
number of'ot-hcr genera closely related to 7'ylocephalum have
been described since 1900, the characters were emended by
the writer in 1925 as follows :—

Head with four suckers and composed of two portions ;
the anterior part may be ecither globular, flattened antero-
posteriorly and retractile or not, or split into tentacular
processes ; when retractile it functions as a terminal sucker
sunk deep in the head ; it may bear either suckers or hooks, or
both, or these structures may be absent. The posterior part
may be either subglobular, collar-like, or split up into tentacular
processes, and it may bear suckers or hooks, or both, or these
structures may be absent. Genitalia as in Phyllobothrioidea
except, so far as is known, in one species in which the vitelline
gland is single and posterior ; genital pores ventral or lateral ;
uterine pores present or absent,

Type-genus :— Lecanicephalum Linton, 1890,

In the various genera included in this family the head pre-
gents a most interesting and important series of modifications
which we will now consider. In the genus Cephalo-
bothrium it is subglobular and bears four suckers; its
anterior extremity is oceupied by another sucker which is
enormous and cup-shaped. This sucker can be—but rarely
is—evaginated ; but, when protruded, the head is exactly
similar to that of a species of Tylocephalum. The real
difference between the heads in the two genera is that in
Cephalobothriwm the myzorhy nchus is normally invagiqatf‘.d and
functions as a deep sucker, whilst in Tylocephalum 1t 1% nor-
mally evaginated. In Tylocephalum both the myzorhyncl}us
and the head proper are almost always subglobular, whilst

i
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in Lecanicephalum they are flattened antero-posteriorly, so
that the head consists o

f two disciform plates, the anterior
one having ruffled margins and the posterior part l_)earmg
four suckers. In the genus Discocephalum the head is very
similar to that in Lecanicephalum, but it differs in suckers
being absent. The worm is further peculiar in that the vitelline
gland is single and situated behind the ovary. In Zdelo-
bothrium the posterior part of the head is membranous.nnd
collar-like, and the anterior part (myzorhynchus) is either
cylindrical or conical, with a rounded truncated extremity.
In Balanobothrium, also, the posterior part of the head is

membranous and almost cup-shaped. the myzorhynchus heing
large and subglobular, A further important difference in this
genus is that the suckers are not borne on the posterior part
of the head as in all other genera except Calycobothrium, but
on the anterior port (myzorhynchus). Close to each sucker is
a pair of minute compound hooks.

In the genera Calycobothrium and Polypocephalus tentacles
are present. In the latter genus the tentacles may be con-
sidered as the myzorhynchus which has become split up, whilst
in the former genus the myzorhynchus is intact and bears
suckers (as in Balanobothrium) and the tentacles probably
represent subdivisions of the posterior part of the head.

Genitalia. The only points of outstanding importance in the
arrangement of the genitalia have reference to the position
of the genital pore and the vitelline glands. In all species
within the family the genital pores are marginal, except in
Tylocephalum  warnak Shipley & Hornell, 1906, and the
vitelline glands are either bilateral or extend across the entire

dorsal and ventral surfaccs except in the latter worm, where
the gland is single.

Key to Genera.

1. Head armed with four pairs of minute

bifid hooks. ..., . . 8. stlore Ea «- Baranonorunivy, p. 835,
Head not armed with houks | S 2

2. Head with tentacles, B R T 5 T

Head without tentuelus . . XY 4

3. Tentacles arise behingd the hend. .. . . Cavxconornniva, p. 848.
Tentacles arise from g deep fossa in

the anterior fice of 1 }e bhead ... ... i’m.\‘l‘ocr'.l-uu.t:s, pe 342
4. Myzorhynehus present N A K
Myzorhynehus abeent 770770 o O
5. Antevior and posterior parts of head
more or less subglobulay ,, . TyrockrmarLyy, p. 206,
Anterior and posteriog pusts of head

flattened anterd-posteriorly (plate-
lika) 2o dvveninaen

‘ faseeenn. . LECANICRPIALUM, . 297
Anterior part of hend evlindrienl or

conicnl : posterior j art membyanons
and collnrdike ..., voon ADELOEGTHRITM, p- 890.
6, Head with o terminal sucker. . . . v+ CERBHALOpoTHRIUM, 299,
Head without terminal sucker ..., STAURODGTHRIUM, P. 350,
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Each of the genera Calycobothrium, Lecanicephalum, and
Adelobothrium contains one species only.

The descriptions of Tylocephalum ludificans Jameson, 1912,
- and 7. ctobatidis Shipley & Hornell, 1906, are so inadequate
that these species cannot be identified. 7. minus Jameson,
1912, was described from an encysted larva, and the adult
18 not known.

(tenus 1. LECANICEPHALUM Liunton, 1890
(nee Lecaxocsenants Diesing, 1839 (=GoBz1a Zeder, 1800)).

Linton’s definition of this genus was as follows :— Body
tenieform, articulate, head transversely flattened, circular
or subguadrangular, and consisting of two disciform plates.
Posterior plate with four supplementary disks (auxiliary
suckers). Neck short or none. Genital apertures marginal.”

Type and only species :—Lecanicephalum  peltatum Linton,
18490.

Linton pointed out that his genus was closely related to,
if not identical with, Discobothrium van Ben., 1870. He
provisionally placed the genera Lecanicephalum and Tylo-
cephalum in the Tetrabothriide, but stated that it might be
necessary subsequently to refer them in a distinet group,
for which he proposed the name Gamobothriidz.

Lecanicephalum peltatum Linton, 1890. (Fig. 157.)

From Pristis cuspidatus, Dasybatus kuhli, and Pleroplatea
micrura, Pearl Banks, Ceylon. Southwell.

The worms, which are not fully mature, measure about
1'7 ¢m. in length, and the greatest breadth varies from 200
to 400 . The head has a breadth of about 900 u and a
length of from 200 to 300 p. Other measurements correspond
with those given by Linton for his specimens.

The neck measures from 1 to 2 mm. in length; the first
segments are practically linear, and they increase in length
slowly. The last one measures about 550 p in length and
170 p in breadth, There are about 150 proglottides, in
addition to a number immediately behind the neck which
cannot be counted. The genital pores are somewhat irregularly
alternate, and situated in the anterior-half of the segment
in immature ones and in the anterior third in those nearing
maturity.

Muscular System, The longitudinal fibres are arranged in
stout bundles which in cross-section radiate outwards,
decreasing in size towards the periphery. Oblique or ¢ircular
muscles have not bheen deseribed.

Exeretory System, In whole mounts a small vessel can he
seen on each side running a little lateral to the mid-line.
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Posteriorly, owing to the development of the genitalia, they
cannot be seen. In cross-section these vessels lie in the mid-
transverse line, and, in addition, two other much smaller
ones occur frequently, but not invariably.

Testes. There are sixteen or seventeen testes, and they
occupy the whole of the middle field in whole mounts. At first
they are eylindrical, with somewhat pointed extremities, lyving
with their long axes parallel to the transverse diameter of the
segment. When fully mature they are globular, and each has
a diameter of about 45 .

Fig. 157 —Lecaniceplalum peltatim, Matore segment, x 112
(After Southwell.)

Vas deferens. The eirrus pouch is a large structure in the
anterior half of the segment, measuring about 450 1 in diameter
and 380 p in length. Tt extends halfway across the segment,
and is at a little distance from the lateral margin, communi-
cating with the pore by a narrow duct. The cirrus lies in
several loose coils inside the pouch, and no armature was seen.
The vas deferens is extremely short, and a seminal vesicle is
absent.

Ovary. The ovary is situated along the posterior margin of
the segment ; the vagina is figured above,
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Vitelline Glands. These consist of from twelve to fourteen
acini along each lateral margin. Each acinus measures only
about 18 p in diameter.

Uterus. The uterus is immature, and consists of a tube with
slightly lobulated walls running along the antero-posterior axis.
No eggs have been seen.

Gienus 11. CEPHALOBOTHRIUM Shipley & Horunell, 1806,

The characters of this genus are as follows :—" A large
median ciroular sucker takes up most of the head ; it is con-
trolled by longitudinal muscles. Four small spherical suckers
are placed equidistant from each other in the rim of the
circular sucker. The proglottides are wider than broad,
with the exception of the last six or seven. The reproductive
pores are lateral and very irregularly alternate.” (Shipley &
Hornell.)

Type-species :—Cephalobothrium  etobatidis  Shipley &
Hornell, 1906.

In 1912 the author described two other species, €. variabile
and C. abruptum. Whilst the centre of the head is almost
always occupied by a large circular sucker having various
shapes, the sucker is capable of being protruded and, when
extended, the head resembles that of a species like
Tylocephalum pingue or T'. dierama. Several preserved heads
have been seen with the sucker fully protruded, and thus
transformed into a myzorhynchus. In view of this fact, it
seems probable that the two genera, Tylocephalum and
Cephalobothrium, - are closely related, the prineipal difference
between them being that in most species of the genus Tyloce-
phalum the myzorhynchus is permanently protruded, whereas
in the three species referred to the genus Cephalobothrium
the myzorhynchus is usually withdrawn and disappears.
being transformed into a deep cup-like circular sucker.

Key to Species.

1. Small forms about 10 mm. in length ... .. C. @tobatidis, p. 209,
Large forms up to 12 e, in length ... .. 2
2, Over 60 testes; ovuy dumlﬂ)v“-ﬁ]m‘led coue Clabruptum, p. 300,
LLess than 30 testes ; ovary of radiating club-
L B R R o S s O, variabile, p. 304,

(1) Cephalobothrium wtobatidis Shipley & Hornell, 1906,
(Fig. 158.)
From Stoasodon narinari, Pleroplatea micrura, and Dasybatus
Juhlii, Pear]l Banks, Ceylon. Hornell ; Southwell.
Shipley and Hornell described the worm as follows :—
“This eurious cestode was drawn from life by Mr. Hornell,
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in Ceylon; the enormous terminal sucker being, in that
state, much more conspicuous than in the preserved material,
This sucker is round with thickened edges, and from its under-
side run longitudinal bands of muscles which apparently control
it. The whole head is rounded, shaped like a turban, and
bears four minute spherical suckers on the edge of the grea
median terminal sucker. There is no neck. The proglottides
begin immediately after the sucker.

" The whole length of the single worm we had at our disposal
was 10 mm., but the posterior proglottides seemed ripe ; the
breadth of the head and of the posterior proglottides is 0:5 mm_,
the rest of the body is very fine and slender, The proglottides
remain broader than they are long until within the last six ;

Fig. 158 —Cephalobothiyinm mtobatidis. Head, X about 40,
(After Shipley and Hornell,)

here they become square, and the last of all is almost twice as ®
long as broad. The posterior angles of each proglottis overlap
the anterior rim of the succeeding one, but not to a pronounced
degree.  The reproductive openings are very irregularly
alternate and lateral.” '

(2) Cephulobothrium abruptum Southwell, 1911, (Figs. 139,
160, 161, & 162

From Pteroplatea micrura and Dasybatus kuhli, Pear] Banks,
Ceylon. Southwell,

The worms, which are composed of numerous segments,
measore about 12 em. in length, and they have a maximum
breadth of about 1'5 mm, The last ones measure 1-2 mm.
mn length and about 700 pin breadth. Genital pores irregularky
alternate and situated laterally in the anterior third of the
segment ; worm oval in eross-seetion.
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Head. The head resembles that of €. lobatidis ; it is egg-
shaped, and measures 1-3 mm. in length and about 1-2 mm. in
breadth. It is really made up of two parts: the anterior
extremity is occupied by a large protrusible sucker which is
succeeded by a basal part shaped like a truncated cone
having the broad base forward ; this bears four minute suckers
with swollen lips, slightly raised above the surface, situated
two on cach side and each has a diameter of about 230 .
The appearance of the head varies considerably, according to
the extent to which the terminal sucker is protruded. It
will be obvious that if the terminal sucker is fully extended
as it sometimes is, it becomes a rostellum or myzorhynchus.
The head is then similar to that of Tylocephalum pingue.

Fig. 159.—ephalobothriem abrtptum,  Entire worm, X 4
(After Southwell)

Neck, Tt is impossible to say whether a neck is present or
not ; the wrinkling of the cuticle behind the head appears to
pass by imperceptible gradations into the short anterior
segments. ;

Muscular System. This is strongly developed. A series of
broad muscle bands passes to the head. 1In the anterior part
of the worm the longitudinal muscles consist of a large number
of single bundles, radiating to the exterior, When the geni.
talia, and especially the uterus, are developed, l'l_lc'f*‘ bundles
become short and disposed in two rows, the internal one
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being much more strongly developed than the external, which
latter is somewhat irregular. Oblique fibres are fairly
numerous, but eircular ones are scanty.

Ezxcretory System. This consists of two very small vessels
on each side—a dorsal and a ventral. They are only evident
in the anterior portion of the strobila ; in ripe segments they
cannot be seen.

Nervous System. There is a single nerve on each side running
lateral to the water vessels. !

Testes. The number of testes varies considerably ; usually
-there are about forty-five situated aporally, and from twenty-
two to twenty-eight on the pore side ; there are no testes in

Fig, 180, —Caphalobathrium abruptum, Transverse section of nearly mature
segmont, X 74. (After Southwell)

front of the cirrus pouch ; each testis when fully developed
has a diameter of about 50 p.

Vas deferens. The cirrus pouch measures about 180 y in
length and about 120 x in breadth ; its internal margin reaches
to the middle of the segment. The cirrus is unarmed ; the
vas deferens is very long and lies in several large coils within
the pouch ; outside the latter it runs anteriorly and is eoiled ;
no seminal vesicle was seen,

Ovary. The ovary differs from that of C. variabile in being
dumbbell-shaped, much more massive, and in not being
composed of radiating columns. It measures about 400
across,
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Vagina. This is a very wide muscular tube at least 300 p in
length and 70 p in breadth when fully developed. Tts walls are
characterized by peculiar markings which at first give the
impression of a number of very fine spines arranged in a series

= of closely set spirals, but no spines are present ; the appearance

Fig. 161,

Cephalobothrivm abriptum.

Fig. 161.—Horizontel section of mature segment. X 74. (After Southwell.)
lﬁg 162.—Nearly gravid segment, X 74, (After Southwell.)

is due entirely to circular muscle fibres. From the pore it
runs behind the cirrus pouch, tyen, roundmg‘the internal
extremity of the latter organ, it proceeds (in l? sinuous
course in young segments_) directly to the centre of the ovarian
isthmus, where it dilates into a small receptaculum seminis.
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Vitelline Glands. These are similar to those described for
C. variabile, but are more massive and do not consist of eylin-
drical, but of globular acini.

Uterus. This arises like that of €. variabile, and has the same
form,

Eggs unknown.

(3) Cephalobothrium variabile Southwell, 1911, (Figs. 163 &
1'34.) .

From Pristis cuspidatus and Dasybatus kuhli, Pearl
Banks, Ceylon. Southwell.

_ The worm measures up to 13 em. in length and about 600 p
in breadth ; it is made up of over four hundred segments.

Fig: 163.—~Cephalobothrium variabile, Eutire worm, X 8.
(Aftor Southwell)

The genital pores are irregularly alternate and are situated
in the anterior third of the lateral margin of the segment.

Head. This resembles the head of C. abruptum Souchwell,
1911, and measures about 750 w in length and 1 mm. in breadth.
Anteriorly the head terminates in a deep, wide sucker ocgupying
almost the whole of the anterior surface, and extending pos-
teriorly about one-third to one-half the length of the head.
The margin of this terminal sucker is somewhat thickened, and
bears four (not two, as originally stated) small subsidiary
suckers, Occasionally the sucker is protruded, and the head
then resembles that of Tylocephalum pingue.
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_Neck. This varies in length, baing usually about 1 mm.

Muscular System. As in C. abruptum.

Excretory System. Two vessels of equal size run along each
lateral margin ; they are close together, one being immediately
dorsal to the other.

Nervous System. As in C. abruplum.

Testes. These vary in number from about fourteen to
eighteen, and occupy the whole of the central dorsal field. Most
frequently they are eylindrical, with somewhat poeinted ends,
lying with their long axes at right angles to the length of the
worm ; each measures about 60 by 20 . Qccas:on.ally. when
very mature, they are globular, each having a diameter of
about 75 p. They persist until the uterus develops.

ey vg t. ou Vv

Pig. 166 —Ceplalobothrium variabile. Horizontal section of mature
segiment, x 160, (After Southwell.)

Vasdeferens. The eirrus pouch is almost globular, and lies for
the most part internal to the water vessel, the communication
to the exterior being by a narrow duct, The vas deferens is a
short wide tube following a zig-zag course. ‘

Ovary. This is situated posteriorly and consists of from*
about four to six eylindrical lob2s on each side, lying at right
angles to the long axis of the worm. Each one in full develop-
ment measures about 120 p in length and 40 p in breadth.
The lateral edges of the ovary appear embedded in the vitelline

ands. The lobes on each side are connected by a very long
and slender bridge of ovarian tissue.

Vagina. From the pore the vagina runs in front of the cirrus

pch and pursues a curved and somewhat jirregular course
backwards to near the centre of the ovarian isthmus, where it
dilates into a small seminal vesicle. It is very musecular, the
gircular fibres giving to it characteristic herring-bone markings.

Vitelline Glands, These consist of a number of very large
acini, cach one heing about 75 in length and 40 p in breadth,
situated laterally and lying also at right angles to the long

YOL. T. X
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axis of the worm. They only reach their maximum size
when the uterus is well developed. Their ducts unite in the
median line and open into the fertilization canal.

_Dtleru,s. This commences as a narrow tube with thick walls,
arising posteriorly, and extends in a sinuous course ante-
mor_ly to near the middle line. In ripe segments it occupies the
entire central portion of the proglottid, being bounded laterally
by the large vitelline gland. Tt is evident that at this stage
of their development the segments are shed, and become
gravid in the lumen of the intestine.

Eggs unknown.

Genus 111. TYLOCEPHALUM Linton, 890,

Synonyins :—Tetragonocephalum Shipley & Horuell, 19052
Kystocephaluvs Shipley & [Tornell, 1906,

Aphanobotloriion Seurat, 1906,

Linton defined the genus as follows :—" Body articulate
head globose ; bothria united into a globular disk and bearing
four supplemental disks which are arranged in lateral pairs ;
myzorhynchus also globose, as large as remainder of head.
Neck, . e., unjointed anterior part of body, moderately long.”

The characters of the genus have been emended as follows :—
Body articulate : head composed of a large globular or sub-
globular myzorhynchus, which is unarmed, and & posterior
globular or subglobular part, the head proper, which bears
four suckers. Genital pores marginal except so far as is known
in one species,

Type-species :—Tylocephalum trygonis Shipley & Hornell,
1906.

Key to Species.

1. Myzorhynchus very much smaller than

posterior part of hend .......... .. evos Il transiucens, p, 320,
Myzorhynchus about same size ns posterior
part of head ... ... .. DO 3o v baarest 2.
2. Vitelline glands bilateral . ..., ... ... S o

Vitelline gland single and posterior to ovary 7% warnak, p. 821,
4. Genital pore small, uterus not dumbbell-

Bl R POD A S8 Mo dd s 4 5 s e 5oa s e siaiore s s &
Genital pore very large, uterns dumbbell-
shaped. .. couiiao L. ey s Lo abe 5O
4., Worms & cm. inlength, oval in eross-section:
ench segment with shout 30 testes. ... L% yorked, p. 325.

Worms 35 em. in length, flat, each segment

with about 50 testes , ., oviieiccoees

5. Genital pore ventral in anterior segments;

with a8 to 63 testes; axis of eirrus pouch

antero-posterior ...l ienass T minutum, p. 325.
Genital pore always lateral; testes 7 to 121

ixis of civrus pouch not antero-posterior . T\ trygonis, p. 307,

~

\ dizrama, p. 311
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(1) Tylocephalum trygonis (Shipley & Hornell, 1905) Shipley &
Hornell, 1906. (Figs. 165, 166, 167, & 168.)
Synonym :— Tetragonveephalizn trygonis Shipley & Hornell, 1905.

From (1) Dasybatus walga, Pearl Banks, Ceylon. Hornell.
(2) Dasybatus sp. (! kuhli), Chilka Lake, Orissa, India.
Southwell.

According to these authors the worm is fragile. The head
forms a distinct knob, borne on a slender neck ; its diameter

Fig. 165.—Tylocephalum trugonis, Entire worm, X 24
' (After Shipley and Hornell.)

is 300 and its antero-posterior axis is slightly less, but
may he greater than the transverse diameter. It consists of
two parts, viz., an anterior unarmed circular and rounded
knob, resting on a square cushion which carries a sucker at

each of its cornars, From these suckers small papillze‘)nrotrude‘
x2




HOS LECANICEPHALTD.E,

passing through the orifice. There is a short neck ; the last
segments are much longer than broad. The genital pores are
lateral and the penis lies concealed in a spacious recess. The
pores are irregularly alternate. At its first appearance the
uterus seems double, but the two parts are in communication
by a narrow channel. The whole uterus is dumbbell-shaped
and the eggs are slightly oval. The specimens examined by
the writer measure about 2-7 cm. in length and the greatest
breadth is about 800 . They consist of from fifty to seventy
segments, counted under a microscope ; of these about twenty
are situated immediately behind the head, and are invisible
to the naked eyve. The last ones measure up to about 3 mm.

Fig. 166.—Tylocephatiom trygonis. Horizontal section of head, showing
spinules and musculature, X 160, (After Sonthwell.)

in length and have a breadth of about 270 u. The genital

pores are of enormous size, being surrounded by a large 8081- ,
loped frill. They are irregularly alternate, and are situated

»

9

behind the middle of the lateral margin, The posterior and
lateral edges of the segments are straight, not salient. There
is no neck, segmentation beginning immediately behind the
head. ~
Head. This varies in size cofisiderably ; in one speeimen it
measured 260 u in length and 330 p in breadth, 1t consists
of two parts, viz., an anterior myzorhynchus, shaped like a
half-sphere and armed with innumerable minute spines 10 p
in length, and a posterior rounded portion, the head proper,
which hears four suckers, but is devoid of spines. The
papille mentioned by Shipley and Hornell have not been
obssrved since. The head resembles closely that of Tylo-
cephetum pingue Linton, which occurs in American waters.

{
14
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Strong mus‘clcs.run to tl
PR . \h." : 1¢ head and spread out fanwise
subcut’m"] /.l(-)rﬁ)hnchu:'a, and laterally a well-defined layer of
o l'wu .t‘} res 15 very prominent. Nothing is known
sarding }1 e excretory and nervous systems. The rudi
ments of the genital cloaca TRy ol ) :
I : fel 102C&, running transversely s visi
!'llalmmwl} behind the head in the tenth or vlcveht'hu;t- ::::i:)tle
::}c ul:i fg::l:(ticenth z_md fifteenth segments there is a ]mlrtiulhrl’\:
l-defined receptaculum seminis, The cirrus pouch and
gm’;ml Slwlifr develop very late TR
estes. These vary i .
R q';—lt‘lllliSd‘ m‘}1 l'i]n:"ll““}wr from about seven to twelve
-2 - v < £y y » 1
i the form of th:nul::trt(-y- '\[i .f“"l"cm]-" they arc distributed
> 1 : : inverted. They are !
found in about segments 94 to. 32 lt‘ t‘l“"“{)]} s
32; a s stage the

2

g ,-“_,:,;9'-
] | |
scm. Im. vg. rs. o.

Fig. 17 —Tylocephalim trygonis. Mature segment, X 230,
(After Southwell.)

genital cloaca and the duct connecting the latter with the

~ girrus pouch are but ill-defined, and are represented by a
" dense granular mass. The cirrus pouch is first seen as a
_ hollow vesicle lying almost in the median line of the segment,
and quite independent of the large genital cloaca. 1t enlarges
very slowly, and is not fully developed until the uterus contains
eggs. It then measures about 165 p in Jength and 100 g in
breadth : it lies well within the segment, ocenpying the middle
half or two-thirds, and communicates with the very large
%ehnital atrium, noted before, by a rather long and dilated duct,

¢ pore itself is enormous, and is surrounded by a sucker
with a collar-like frill having scalloped margins which can be
geen with the naked eye; it is situated in the posterior half
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»
of the lateral margin. The cirrus is coiled and long, and is
apparently not covered with spines. A few coils of the vas
deferens can be seen lying within the fully-developed cirrus
pouch, but outside this organ it dilates into a very muscular
seminal vesicle which usually lies parallel and directly anterior
to the pouch. :

Fig. 168.—Tylocephalum trygonis. Gravid segment, % 112,
(After Southwell.)

Ovary. This is a massive organ situated quite posteriorly,
and is usually only found in about six or seven gegments, Vviz.,
those which contain the testes.

Vagina, Owing to the large size of the cirrus pouch and
seminal vesicle, it is not known with certainty whether the
vagina passes anteriorly or posteriorly to the pouch; it
appears to open at the base of the genital cloaca. It runs



TYLOCEPHATL UM, 311

posteriorly in the?nedian line to the front of the ovary, where
it dilates into the very large receptaculum seminis, which,
as noted above, appears in about segment 12. It disintegrates
with the ovary.

Shell Gland. This is a small globular organ lying between
the receptaculum and the ovary.

Vitelline Gland. This species is strikingly peculiar in that the
vitelline gland begins to develop behind the ovary. It is a
very small, bilobed organ, each half being club-shaped; later
it extends forwards along the lateral margins.

Uterus. The uterus appears early, and can be clearly seen in
gegments which contain the testes as a tube with irregular
walls running between the testes and situated anteriorly.
It develops suddenly and contains eggs in the first segment
in which the ovary has atrophied. In full development it is a
simple sac occupying the whole of the segment and consisting
of two parts, viz., a portion behind, and a larger portion in
front of, the cirrus pouch. The two are connected together by a
very narrow tubular part which runs on the aporal side of the
cirrus pouch.

FEggs. These are large, somewhat scanty, and oceur in quite
a number of posterior segments. The largest immature
eggs are globular and measure 50 .

As the anatomy of 7. pingue Linton has not been described,
it is impossible to identify Linton’s worm, and it therefore
cannot be compared with any of those described below ; it
may, or may not, be identical with any of them. T, trygonis
Shipley & Hornell, 1905, was the next species to be described,
and it therefore becomes the type-species of the genus,

(2) Tylocephalum dierama Shipley & Hornell, 1906, (Figs. 169,
170, 171, 172, & 173.)
Synonyms :— Zetrarhynchus unionifactor Shipley & Hornell, 1904,

pro parte. i /
LTylocephatum lwkli Shipley & Hornell, 1806,

Lylocephalum ludificans Jameson, 1912,
Teenia acanthobotiria MaeCallum, 1921,

From (1) Etomylaus maculatus, Dasybatus kuhli, and
Rhynchobatus djiddensis, Pearl Banks, Ceylon. Hornell ;
Southwell. (2) Stoasodon narinari; larve from the pearl
oyster (Margaritifera yulgarts), Pearl Banks, Ceylon. Jameson ;
Herdman and Hornell ;. Willey.

* The original description of this species was as follows :—
“ Along with Rhoptrobothrium myliobatidis, a specimen or two
of what we take to belong to Linton's genus Tylocephalum
were found.  The worms measured between 20 mm. a,nd_ 35 mm,
They were very slender anteriorly, but the posterior pro-
gloti:ides attain & width of 0-5 mm., and the head is aboug
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0:5 mm. in breadth, and is rather longer than broad. The head
consists of an anterior cushion, called a myzorhynchus by
Linton : it is obviously to some extent retractile, and in one of
our specimens was slightly “ pulled in ” in the middle, so that
the whole head resembled o cottage loaf. This m yzorhynchps
18 separated from the sccond part of the head or ‘ bothrial
dize,” as Linton has it, not only by a constriction, but by a
narrow band. The * bothrial dise ' is spherical and bears
four equidistant simple suckers. There iz a short ne(_:k.
The proglottides are, at the posterior end, not more than tmce
as long as they are broad. They are flattened. Anteriorly
they have salient posterior borders, and these, as they approach
the hinder end, become much more conspicuous, and overhang
an eighth or a sixth of the length of the succeeding proglottis.
These funnellike extensions are very charpcteristic of t_hiB
species ;  they are much less marked in Linton's species, .

Fig. 169, ~Tylocephalmm dierama, Head, wagnification nnknown.
|Aftor Shipley and Hornell,) b

1. pingue. The last proglottides were equally rounded. and
contained a uterus full of ova.” (Shipley d: Hornell.) Yy
The largest worms measure 2:5 em. in length and the greatest
brecdth is 560 . There is a very short neck varying from
500 p to 1:2 mm,
The anterior proglottides are so shallow that it is impossible
to determine where they commence. The worn is composed . A
of over four hundred segments; counted under a high-power
magnification. A large number of the anterior ones are
very short ; in those containing testes the lateral marging
overlap about half of the succeeding segment, but, as they
elongate, the lateral imbrication becomes correspondingly
less conspicuous. The last two or three segments in cach
worm are barrel-shaped. The measurements of the terminal
proglottid in six different worms vary from 600 (o 825 Join
length and from 320 to 610 (e in breadth. The genital pores
are irregularly alternate and are situated very slightly behind
the middle of the lateral margin except in the last two or

\
.‘-
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three segments, where, owing to the elongation of the posterior
portion of the proglottid, they lie in the anterior half.

Head. The head varies in shape considerably. Similar
variations are encountered in other species of this genus ; it
consists of a large subglobular anterior myzorhynchus which
does not bear either spines or hairs, and a posterior cushion-
like portion which carries four suckers. It varies in length
from 124 to 250 p and in breadth from 160 to 230 p. The
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Fig. 170,—Tylocephalum dievama. Mature segment, X 7.
(After Southwell.)

myzorhynchus is from 25 to 80 p in length and in breadth
from 90 to 145 . Each sucker has a diameter of about 55 p.
The muscular, excretory, and nervoussystems have not been
- described. The genital organs first appear about 250 segments
(700 to 800 ) behind the head.
Pestes. There are about fifty testes; when fully developed
they appear to oceupy the entire segment in whole mounts,
Each one has a diameter of about 55 p.
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Vas deferens. The cirrus pouch is not conspicuous; it is
situated anteriorly to the vagina: in full development it
measures about 120 by 90 u. The cirrus is short and appar-
ently unarmed : a few coils of the vas deferens lie within the
pouch ; seminal vesicle absent (2).

Ovary. The ovary is situated quite posteriorly, and is a bi-
lobed organ composed of very small, elongated, club-shaped
acini radiating fanwise on each side. Later on it enlarges
considerably, and the acini frequently become indistinct.

_ Vagina. The vagina opens posteriorly to the eirrus pouch ;
In a mature segment it is a very short tube dilating close to the
median extremity of the cirrus pouch into an enormous
receptaculum seminis which measures about 360 by 110 g
and extends from the cirrus pouch to the ovary ; under high
magnification its walls present a curious herring-bone pattern.

Fig. 171, —Tyloceplalum dierama. Hend;, x 20.
(After Shipley and Hornell.)

Posteriorly, after receiving the vitelline duet and oviduct, it
turns through an angle of 180° and, running forwards, opens
to the uterus at the level of the genital pore.

Shell Gland. This is situated posteriorly between the two.

wings of the ovary.

Vitelline Glands. At first these are situated laterally, but, as
the proglottides mature, they gradually extend until they
cover entirely the dorsal and ventral surfaces. As they are

massive and strongly developed, they effectively obscure the

anatomy of the mature segment in whole mounts. The acini
are a little irregular in shape and measure about 55 by 30 p.

Uterus. The uterus at first consists of a tube with lobulated
walls running in the antero-posterior axis. Posteriorly it
is not in communication with the oviduct : the latter opens
into the uterus about the level of the genital pore. When
mature it is a simple sac entirely filling the segment.

Eggs. The largest measure 25 p and contain a segmenting
ovum; each egg bears a long filament at both poles. They
were immature.

The specimens from the intestine of Rhynchobatus djiddensis

differed somewhat from those described above., The worms
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were young, and had apparently died in an extended con-
dition ; they measure up to 4:5 cm. in length and the
maximum breadth was about 560 p. They contain only
about 150 proglottides, counted under a high-power magnifi-
cation. Segments 106 to 112 are about square, and succeeding
ones are longer than broad ; the last (not gravid) measures
1-43 mm. in length and 500 px in breadth. The lateral margins
are slightly imbricated ; the genital pores are irregularly
alternate and are situated in the anterior third of the lateral
margin. The position of the genital pore is probably to be
accounted for by the fact that the worms had been preserved
in an extended position.

Head. The head measures abont 230 p in length and 240 u
in breadth : the myzorhynchus, which rests in a concavity of
the posterior part of the head, is cup-shaped, and has a length
of about 180 u and a breadth of about 230 u. The posterior
part of the head has a length of about 100 & and a breadth
of about 230 w; it bears four suckers each of which has a
diameter of about 55 .

Neck. This is very short and measures only 200 p in
length.

;\g*o details of the muscular, excretory, and nervous systems
are known.

Testes. These first appear about 9 mm, behind the head :
they vary in number from about thirty to forty-five, and when
fully developed each has a diameter of 70 p.

Vas deferens. The cirrus pouch is situated anteriorly to the
vagina ; in the posterior segments it is a very large, squarish
organ extending almost halfway across; it measures 230
by 250 p in full development, and is situated in the anterior
half of the proglottid. The cirrus is unarmed and, along with
a portion of the vas deferens, lies coiled within the pouch.

Ovary. The ovary is a massive organ occupying a consider-
able portion of the segment posteriorly. Tt is composed of fine

nular material apparently not divided up into acini. Tt
stains very lightly, and thus, as in the specimens deseribed
above, contrasts strikingly with the massive, deeply-staining
vitelline glands.

Vagina. The vagina passes behind the cirrus pouch and,
turning backwards, runs in the middle line, dilating into a
receptaculum seminis which at first is pyriform, but which
later on becomes very large and oval; it lies with its long
axis almost parallel to that of the segment, and when
fully developed measures about 390 by 190 p. Tt resembles
in detail the vagina in worms of this species obtained from
Dasybatus kuhli.

Vitelline Glands. These are very massive organs which stain
deeply, and are conspicuous both in stained and unstained
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specimens. They are situated on both sides and extend almost
to the middie line, being interrupted on the pore side by the
cirrus pouch. No vitelline glands oceur on either side laterally
to the ovary, but a large strip lies posteriorly 1o that organ.
A vitelline duct arises from the posterior median extremity
of the vitelline gland on each side, and these, uniting with the
duct from the strip lying behind the ovary, open into the
fertilization canal. The portion of vitelline gland behind the
OVAry was not present in specimens of this worm taken from
Dasybotus kuhli, Shell gland apparently absent. a

Uterus. In the posterior segments the uterusds rudimentary
and consists of a tube with irregular lateral walls running in
the antero-posterior axis.

Eges unknown. )

A number of frec gravid segments apparently belonging to
T. dierama have been found free in the gut of Rhynchobalus
djiddensis. They measure + mm. in length and 1 mm, in
breadth., The I)Jre is in the anterior third of the segment, The
eggs are globular and arve 32 u in diameter ; the oncosphere
measires about 20 g, and in all probability was immature.

These specimens differ from those described from D. kuhils
above in (1) having fewer segments, some of which are
longer than broad ; (2) the vitelline glands not entirely cover-
ing the dorsal and ventral surfaces, and in possessing
an isolated strip of vitelline gland posteriorly to the ovary ; and
(3) the genital pore being situated in the anterior third of the
lateral margin,

It may be that these differences are due to the specimens
from Rhynchobatus djiddensis being younger, and also to their
having been preserved in an extended condition. The form of
the head in species of this genus is subject to considerable

variation.

Tylocephalum kuhli Shipley & Hornell, 1906,
““ A single specimen was taken from the intestine of Zrygon

kuhdi. 1t measured 12 mm. in length, and its greatest width,

which lies a little before the posterior end, is 0-6 mm. The
head consists of two portions, something like a cottage-loaf,

and in general resembling those of 7. uarnak and 7. trygonis.

The anterior part or myzorhynchus is, however, somewhat

smaller than in those species. The larger and posterior part

bears four small spherieal suckers. The muscles which enter
the head from the body spread out in this portion in a button-
like manner. Tmmediately behind the head is a constriction,
and then the proglottides begin.

At first the proglottides are very shallow, with projecting
rims like a pile of saucers npside-down, then about half-way
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along the body each proglottis is seen to have a groove in it
dividing it into approximately equal halves. If we trace the
proglottides still further back, we see that these two halves
have very different fates ; the anterior becomes the proglottis
full of reproductive organs. etc., the posterior becomes the
pronounced, everted, and almost recurved, salient edge.

*“The hindermost proglottis is square, and in no case is the
longitudinal dismeter greater than the transverse. The last two
or three proglottides had the penis protruded, and these were
all on the same side.” (Shipley & Hornell.)

Fig. 172 —Tyloesphatunm dierama.  Head. X T0.
(Aftor Jameson,)

The worm was deseribed from a single specimen, and is
indistinguishable from 7. dierama: it appears to the writer
to be a young worm—possibly slightly abnormal—of the
latter species.

Tylocephalum ludificans Jameson, 1912,

Jameson described this worm and its larval stage as
follows ;:—"" The larger globular larva : the supposed pear]-
producing worm . . . rostruni or myzorhynchus (Limton) retrac.
tile within a  denticulated collar. Form more elongated
when liberated from capsule ; length 0-5 to 1-5 mm. Average
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diameter of seven specimens sectioned on Professor Herdman's
slides and examined by the writer, 0-78 mm.

“ Myzorhynchus uniformly muscular, without obvious
division into muscular tracts ; retractile within annular collar ;
in section it may appear either conical, lenticular, or flattened,
concave and sucker-like ; protrudes as a conical papilla when
in locomotion. This anterior muscular region, including the
collar, is about one-third of the total length of the larva when
extended. The whole myzorhynchus can be protruded, the
collar then forming an annulus around it. Collar or cephalie
sheath muscular with denticulated cuticle, the denticles tri-
cuspid. . . . The denticles measure from 3 p to 5 win diameter.
Hinder part of the larva centrally parenchymatous, the

Fig. 173.—Tylocephalum disrama. Horizontal section of head, X 70.
(After Jnmeson.)

parenchyma containing the ealcareous corpuscles characteristic
of Cestode larvie, peripherally more muscular. The hinder
part of the body is covered by a thick, rndia'lly marked epicuticle
permeated by numerous closely-set tubuli, and suggesting on
superficial examination a coat of cilia. This epicuticle varies
in thickness but is generally about 0:03 mm. thick, and the
true cuticle lies under it.

“This form is distingnished from Tylocephalum minus
by its larger size (Herdman gives the size as about six times
that of the smaller form), the undivided musculature of the
myzorhynchus, and the wider and more open character of the
collar-sheath of the myzorhynchus in the resting-stage.
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Habit:—Resting in spherical fibrous cysts, derived from the
connective tissue of the host, in the Ceylon Pearl Oyster,
Margaritifera vulgaris. Most frequent in the visceral mass,
notably the liver. Habitat :—Gulf of Manaar (Herdman and
Hornell).  Trincomalee (Willey).

** The following description is of a worm which I regard as in
all probability the adult of this larva. The single specimen
was obtained from the spiral intestine of tobatis narinari,
by Mr. Hornell, on 4th January, 1905, and had apparently
been overlooked by Mr. Shipley among some duplicate speci-
mens of Kystocephalus translucens, along with which I found it
when examining Dr. Shipley’s material. After it had been
cleared and examined as a transparent object, Dr. Shipley
very kindly allowed me to have sections cut from it to compare
with those of the larva in the pearl oyster.”

¢ Adult of Tylocephalum ludificans Jameson, 1912,

From Stoasodon narinari, Pearl Banks, Ceylon.

* Length, 12 mm. Head, 0-6 mm. long by 0:5 mm. broad ;
pyriform, slightly broader in front than behind : transition
from head to neck not very sharply defined. The myzorhynchus
in this specimen is retracted within its sheath, as is usually
the case with the larva in the pearl oyster ; it is about 0-3 mm.
in diameter. Around the head are four marginal suckers
about 0-125mm. in diameter. Proglottides about 40 in number,
increasing but little in breadth from before backwards Y
they begin to increase notably in length from about the eighty-
fifth backwards. The largest hindermost segments are about
0-5 mm. long, and slightly longer than broad. The armature
of the collar is similar to that of the larva. In section the
myzorhynchus is seen to be retracted in such a way that its
anterior surface is thrown into folds. . .. The only point in
which the head of this worm appears to differ from the larva
in the pearl-oyster is in the presence of the four marginal
suckers, which may well be a feature first acquired in the
final host.”

Unfortunately it is impossible to identify this parasite from
the above description, as the genital organs are not described,
and it is not known whether the worm was gravid, or fully or

artly mature ; but Jameson's figure of the head and the
adult leaves little room for doubt, in the writer's opinion,
that his mature form is identical wich Tylocephalum dicrama
Shipley & Hornell, Tt is not established that the larva
described by Jameson as that of 7', ludificans actually belongs
to the adult of that name. Tt may, in fact, belong to any
species of Tylocephalum. The same larva was believed by
Herdman to be the young of Tetrarhynchus unionifactor,
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around which orient pearls were formed in the Ceylon pearl
oyster *; it is exactly like the head of an adult Tyl&cephalum,
except that the suckers have not developed ; but it is
obviously impossible to say at the present time to which
species it belongs.

(3) Tylocephalum translucens (Shipley & Harnell, 1906).
(Iig. 174.)

Synonym :— Kystocephalus transiueens Shipley & Hornell, 1806,

'F rom Stoasodon narinori, Pearl Banks, Ceylon. Hornell.
5 T'he description of the genus Kystocephalus was as follows :—
* Head bladder-like, with four small suckers and a myzorhyn-

Fig. 173 —Tylocophalum translucens, Entire worm, x 16,
{After Shipley and Hornell.)

chus which is partially covered by a membrane, Proglottides
with very salient posterior borders, most of them much
broader than long. Lips of reproductive pores, which are
irregularly alternate, very prominent.” (Shipley & Hornell.)

* What Shipley and Hornell believed to be the adult of this larval form
acourred in Risnoptera javanica and is undonbtedly a tetrarhynehid,
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Shipley and Hornell described K. translucens as follows :—
“The two specimens of this worm at our disposal measured,
respectively, 10 mm. and 35 mm., vet each appeared to end in
ripe proglottides. The head and the thicker part of the body
measured 0-4 mm. in breadth. The head is a curiously
bladder-like concern which takes little stain and bears four
very small spherical suckers. There seems to be a myzorhyn-
chus, surrounded. and half enclosed in, a circular membrane.
The membrane, however, has a central circular aperture
through which the myzorhynchus protrudes. Immediately
behind the head the proglottides appear and for about one-half
the body-length they are considerably broader than long ;
they then become square, and the last five or six are longer
than broad, The posterior end of each proglottis widens out
like the walls of a funnel and overlaps the anterior end of the
succeeding proglottis to a much greater extent than is usual,
S0 as sometimes to cover a third of the hinder proglottis. At
least this is the case in one of our specimens; in the other,
this salient edge was curled back like the brim of a top hat.
The genital orifices are lateral and in the posterior proglottides
have very prominent lips: they are irregularly alternate,
usually two or three on one side and then three or four on the
other. This form seems to be not far removed from the
genera Tylocephalum and Cephalobothrium, but is marked off
by quite definite features.” ;

The genus is indistinguishable from 7'ylocephalum.

The species Tylocephalum translucens (Shipley and Hornell)
appears to be quite distinct. It resembles 7T'. dierama in the
segments having salient lateral posterior margins, but it
differs from it in the possession of an enormous genital pore.
Tt is similar to 7. uarnak in possessing a large pore, but appears
to differ from it in having a relatively larger head and in the
lateral margins of the segments being strikingly salient. The
anatomy of the species is not known.

(4) Tylocephalum narnak Shipley & Hornell, 1906, (Figs. 1756 &
176.)

From Dasybatus uarnak, D. walga, and D. kuhli, Pearl
Banks, Ceylon. Hornell ; Southwell. v

According to Shipley and Hornell, this worm, of which they
had “a few examples,” measured 3-5 cm. in length and
consisted of from thirty to forty segments. TI}O greatest
breadth of the body was 700 . The head consisted of an
anterior lobe resting on a square cushion, which latter bears a
sucker at each angle. There is a short neck. The authors
state that the “excretory pore is immense, a great round
opening more or less median.” (Probably this remark applies

YOL. 1. p 4
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to the genital pore, which is enormous.) The testes are
scattered mostly at the anterior end of the proglottid, and,
as the uterus develops, they are pushed towards the periphery.
The uterus is a long sac constricted in the middle. The
posterior segment measures at least 5 mm. in length, and some
segments are ten times as long as they are broad ; none of

them overlap. The worms vary within wide limits in the

number of segments in the strobila, the number of testes in
a segment, and the size of the head.

In the following table a comparison is made between 7.

uarnak and the closely related species 7' minutum Southwell,
1925:—

Tylocephalum Tylocephalum
uarnak. minufum.

Length of worm .., .cooooeiioeon 8 mm. to 3 om, 2 om.

Breadth of worm ........ooooies 145 to 400 k G680

Number of segments, ... 20 to 87 11 to 20, usually 16,

Number of testes ..,....oo.oo.. 16 to 27 35 to 63, usually

about 40.
. Length of head ..........ocoveer Abont 220 to 280 u. 530

Broadth of head.................. 210 to 410 440 u

Length of myzorhynchns ... 125 to 2104 260 p

Length of posterior part of 110 to 140 270

head.

Length of last segment..,...... S50 to 2:12 mm. 45 mm.

BRES severrrresrasasicessaceriener,  Fow (about 150) per More numerous,
segment.

The edges of the proglottides are straight and their posterior
lateral margins are not salient. The genital pore occurs in
the posterior third of the segment : at first it is situated on the
mid-ventral line, but, as the worm becomes gravid, it is
displaced laterally, The pore is enormous and is surrounded
by a sucker whose margins are produced into a frill ; it leads
into a genital atrium very similar to that described for 7.
trygonis. 'The position of the genital organs varies according
to the number of segments composing the worm.

Hend. The head, which measures from about 220 to 280 u in
length and from 210 to 410 s in breadth, resembles that of
T. trygonis and T. pingue. The anterior myzorhynchus
is from 125 to 260 x in length and is armed with in-
numerable small spines which measure about 6 to 9 g in
length ; these, however, are frequently lost. The posterior
part bears four suckers and is from about 100 to 270 p in
length. The diameter of the suckers is about 70 p.

Neck, This is very short, being only from 140 to 160 in
length.

The musecular system resembles that deseribed for 7. frygonis,
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Testes. The testes vary in number from about sixteen to
twenty-seven ; when fully mature each has a diameter of
about 45 u, and they are arranged like an inverted U on
each side of the middle line in the anterior half of the segment.
They do not appear until the ovary is mature ; they persist
even after the uterus is fully developed, and can frequently be
seen in the penultimate proglottid.

Vias deferens. The first indication of the genital pore consists,
anteriorly, of a pronounced condensation of dense granular
tissue in the centre of the segment. More posteriorly
the pore arises in the centre of this mass and opens on
the ventral surface. In the last six or seven segments the pore
becomes situated laterally in the posterior third of the pro-

Fig, 1756, ~Tylocephalim narnak, Eutire worm, x 18.
(After Southwell)

glottid. It is surrounded, in the gravid segment, by a sucker
having a sealloped frill, not quite so prominent as that de.
seribed for T, trygonis. The pore leads into a large genital
atrium whose walls are glandular ; at the base of the atrium
the openings of the cirrus pouch and vagina can be seen, the
latter lying posterior to the former. The cirrus pouch is
peculiar an that it lies in the median line, its long axis being
parallel to that of the segment. It appears late, and only
attains its full development in gravid proglottides. The
irrus is dilated, unarmed, and almost straight, opening, as
noted above, at the base of the genital atrium, The pore is
surrounded by a strongly developed sphineter mus)cle. The
X2



324 LECANICEPHATLID.®,

cirrus appears to occupy the whole of the pouch. Outside
the latter the vas deferens is a long stout tube running an-
teriorly in the middle line. External seminal vesicle absent ;
the internal vesicle consists of a club-shaped dilatation on the
median portion of the cirrus.

Ovary. The ovary is a massive, somewhat bilobed organ
situated posteriorly and extending about two-thirds the
distance between the posterior margin of the proglottid and the

Fig. 170.~Tylacephaliem warnak. Nearly gravid segment, % 18.
(After Southwell.)

genital pore ; it is only to be seen in about five segments, and
disappears quite suddenly ; it is composed of rather large
acini (ensely crowded together.

Vagina. The vagina opens at the base of che genital atrium,
the opening being posterior to that of the vas deferens: it
i4 a very short tube running directly from the pore to the
anterior part of the centre of the ovary, where it dilates into
a very large receptaculum seminis.
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Vitelline Gland, This is a small organ, either round or
bilobed, situated posteriorly to the ovary ; a duct arises from
each lateral anterior margin, and these, uniting together, open
into the oviduet.

Shell Gland. A granular organ, globular in shape, about
40 p in diameter, surrounding the fertilization canal.

Ulerus, Resembles exactly that described for 7', trygonis.

Fggs. The uterns contains very few eggs : no mature ones
were seen ; the largest measured about 60 p and the segmenting
ovam 24 4.

This specics is very similar to 7. trygonis, but differs in
having (1) the genital pore situated on the ventral surface in
the anterior two-thirds of the segment ; (2) a larger number of
testes ; and (3) the long axis of the cirrus pouch situated in
the antero-posterior axis of the segment.

(5] Tylocephalum minutum Sonthwell, 1925,

From Urogymnus sp. (¢ asperrimus), Pearl Banks, Ceylon,
Southwell.

This species resembles 7'. uarnak very closely ; it differs
from it in having fewer segments, a larger number oF testes,
and in the vitelline glands extending along the lateral margins.
A comparison between the two species is given on p. 322.

(6) Tylocephalum yorkei Southwell, 1925, (Figs. 177, 175, &
179.)

From Stoasodon narinari, Puri, Orissa, India. Southwell.

The worms measure at least 8em. in length, and the maximum
breadth is about 700 . They are oval in cross-section n.nd_are
composed of several hundred segments having very salient
posterior lateral margins. These are at first broader than
Jong ; they become square as the testes begin to mature.
The largest posterior one in the writer’s specimens measured:
700 p in length and 60O p in breadth ; it was not gl‘uvnd.
The genital pores are irregularly alternate and are situated
just a little behind the middle of the lateral margin.

Head. This resembles those of 7. trygonis, T' uat:nak, and
P. pingue, but in 7. yorkei the myzorhynchus 1s lu:rger,
more flattened, and armed with innumerable gpines wln.ch
measure from 15 to 17 p in length, Occasionally the anterior
central part of the myzorhyuchus is marked by & deep fqm.xa
bordered by thick lips. The head proper is somewhat c_uslnon-
shaped and bears four suckers; its length, including the
myzorhynchus, varies from 400 to 500 p, and its breadth from
550 to 700 p.

Neck. Th[é neck is very short, measuring only 90 to 100 4
in Jength.
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Muscular System. Immediately beneath the cuticle there is a
layer of subcuticular muscles. Oblique fibres are somewhat
scanty and lie embedded in the parenchyma, which is strongly
developed. The principal muscles consist of a series of large,
longitudinal bundles arranged parallel to the cuticle in
a single layer, the bundles being well separated from each
other. External to them are a number: of very small and
irregularly disposed fibres. Internally to the larger bundles,
and separated from them by parenchyma, there are a few
circular muscles.  After the testes are almost fully developed
the musculature atrophies. In the neck the longitudinal
fibres converge into a fow bundles, and these, running to the

head, spread out fanwise in the myzorhynchus, A fow also
run to each sucker.

Fig. 197.—Tylocephalum yorkei, Head, X 56,
(After Southwell,)

Ezeretory Sysiem. There are a pair of vessels along each
lateral margin ; they arc of equal calibre, and the genital ducts
run between them, '

Nervous System. There is a single nerve running along each
lateral margin externally to the two water vessels.

Testes. The testes vary in number from twenty-six to thirty,
and appear about 2 mm. behind the head.  Af first they are
arranged in the form of a ring in the centre of the segment,
and in this condition they occupy sixty or seventy pro-
glottides gradually inereasing in size. When mature they fill
‘the entire segment, and each testis is oval and measnres abonut
110 by 75 pu. i

Vas deferens. The cirrus pouch lies dorsally to the vagina
and extends about one-quarter the distance across the segment -
it does not reach its full development until the ovary is well




TYLOCEPHALUM. 327

f(_)rmed. and even then it is somewhat inconspicuous; the
cirrus 18 slightly swollen and unarmed ; a few coils of the
vas deferens lie within the pouch. Outside this organ it
is short and coiled, and lies in the antero-posterior plane in
front of the cirrus pouch. Seminal vesicle absent (?).

Ovary. The ovary is small, bilobed, and situated quite
posteriorly ; each lobe consists of a number of very long
eylindrical acini radiating laterally from the centre of the
posterior margin of the segment.

Vagina. From the pore the vagina runs anteriorly and
parallel to the cirrus pouch and between the dorsal and ventral
excretory vessels. At the median extremity of the cirrus

Fig. 178, —Tylocephalum yorkei. Transverse =ection of mature
segment, X 112, (Aftor Southwell.)

pouch it turns posteriorly and runs as a short duct to a
very large receptaculum seminis. Behind this organ the
uterns arises, and the vagina. continuing posteriorly, receives
the ducts from the vitelline and shell glands. 1t then curves
forwards and continues as the oviduct, opening to the uterus
at & point opposite the genital pore.

Shell Gland. This is a small organ situated close to the
opening of the vitelline duct, i.e.. just where the vaga,
curving anteriorly, continues as the ovidoet. It has a
diameter of about 40 .

Vitelline Glands. The vitelline glands consist of a number of
acini situated along each lateral margin and esténding the
whole length of the segment. At first the acini are disposed
in single file, but in full development this arrangement 13 lost.
The long axis of each acinus lies parallel to the transverse
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axis of the segment.  When fully developed, each unit

measures about €60 by 230 , and, being crowded together,
they appear 4s a dense mass, ‘

Uterus. The uterus arises jyq
and consists of a central Stey
in the antero-posterior ayj.
testes are fully developed
one of the lateral marging,
in communication with the
oviduct is a rather long ty

fore the testes are fully developed,
1, with lobular walls, extending
of the segment. When the
it is frequently pushed towards
Posteriorly it is blind and is nof
Oviduct or fertilization canal. The
he Opening to the uterus at a point

Fig. 179.—Tylocephaliom yorkei.  Horizontal section of miture
ig. 17 i" grnlcnt' x 334, (After Southwell,)

nearly opposite the genital pore. In this respect the worm
resembles Acanthobothrium con _‘""“‘ um, 4. uncinatum (Zschokke),
Calliobothrium leuckarti, and C. verticillatum.

Eggs unknown,

SPRCIES INQUIRENDE,

(7) Tylocepbalum mtobatidis (Skipley & Hornell, 1905)
Shipley & Hornell, 1906,
Synonym i— 74 t'll."(lgum.f:r]i’mn’h‘III aliohatidis Shipley & Hornell,
903,

From Stoasodon narinari and Dasybatus walga, Pearl Banks,
Ceylon. Hornell.

The authors gave the following description of this species i—

“ A single specimen of another Cestode . . . was found .. . in

<Etiobatis narinari. Tts length was 1-3 em., and its breadth,

Wwhich was remarkably uniform behind the head, was 0-5 mm,

The head was three times this breadth and consisted of a
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rostellum, long and conspicuous and unarmed, and with a
swollen base, squarish in eross-section, with four small suckers
at the anterior angles. Posteriorly the basal portion over-"
lapped the anterior progiottides. There is no neck, but the
proglottides appear immediately after the head, at first very
narrow but with marked constrictions; as they increase in
size the posterior angle becomes salient. . . . The last three
proglottides are twice the length of those which immediately
precede them and this growth 1s somewhat sudden.  The head,
though it differs greatly in its proportions, resembles in
essentials the head of 7'. trygonis, The marked saliency of the
posterior edge of the proglottides separates off the species in
question from the species which inhabits T'rygon walga.  As
there was but a single specimen, it did not seem advisable to
cut it, and as it was preserved in osmic it was not possible
to make out anything of the internal anatomy.”

The definition of their genus Tetragonocephalum was as
follows :—"* Head unarmed, consisting of an anterior knob-
like portion arising from a cubical base; the four posterior
corners of the cubical base having mimute suckers, each with
a papilla.”

(8} Tylocephalum minus Jaueson, 1912,

From the pearl oyster (Margaritifera vulgaris), Pearl Banks,
Ceylon. Herdman.

“(The smaller globular larva, which Professor Herdman
thinks may also be concerned in pearl formation, Tefrarhynchus
sp., Herdman.) . . ..

© Diameter of resting parasite in cyst from 0-07 to 0-2 mm,
Average diameter of forty examples shown on Professor Herd-
man’s slides and measured by the present writer, 0-14 mm,

* Body sub-globular, consisting, as in 7. ludificans, of an
anterior muscular and a posterior parenchymatous part, the
anterior muscular portion (myzorhynchus) consisting of a
conical papilla in a cup or flask-shaped depression formed by the
surrounding muscular collar or sheath., As a rule, in preserved
specimens, the opening of this depression seems relatively
narrower, and the papilla more conical and less flattened than
in the previous species. The musculature of the myzorhynchus

_shows, in some examples, a tendency to break up into four

'Jongitudinal tracts. In young examples the myzorhynchus
may be barely differentiated. Cuticular spines are present
on the collar, but they are smaller and relatively finer than in
. ludificans. The epicuticle is about 0-01 mm. thick.

* This form is distinguished from 7. ludificans by its smaller

. size and finer armature of the collar, and by the tendency of
the myzorhynchus musculature to break up into four strands,
Tt is regarded by Southwell as the same species as 7. ludificans,
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** Professor Herdman, while he regards the form here named
T. ludificans as the pearl producer par excellence, considers
that the present species too ‘may occasionally form the
nuclei of pearls’ (Report V, p. 22). Particulars of the
structure of both these forms are given on pp. 79-82 of Part I1
of Professor Herdman's Report.”  (Jameson.)

As this worm was described from Jarval forms, the adult
i5 not known, and it is quite probable that, when the life history
is established, it will be found to be a species of Tylocephalum
already described.

Genus 1V, ADELOEOTHRIUM Shipley, 1900,

Shipley described this genus as follows — Head with
rostellum embedded in tissues of host, but bearing no hooks.
Behind the head the neck swells out into an enormous ruff-like
collar. This bears, on its anterior face, four very small
suckers which seem to take little or no part in the attachment
of the worm to its host. The section of the body anteriorly is
circular, and so is that of the anterior end of cach proglottis,
but the ripe proglottides tend to be flattened in their middle
region. KEach proglottis is produced backwards into a very
prominent ridge which ensheaths the succeeding proglottis

10 a varying extent according to their age. The genital pores
are unilateral and irregular [sic], but groups of three openings
on one side, followed by groups of three openings on the other,
succeed one another with some regularity, in certain regions.
Both dorsal and ventral longitudinal water-vascular canals
persist and, anteriorly, the longitudinal muscles are in
unusually powerful and distinet bundles.” Type species i—
Adelobothrium wliobatidis Shipley, 1900.

The genus is closely related to T'ylocephalum, from which it

differs in having the posterior part of the head membranous
and collar-like, instead of subglobular and solid. It differs
from Balanobothrium in having the suckers on the posterior,
instead of the anterior, part of the head, and in the absence
of hooks, !

Adelobothrinm @tobatidis Shipley, 1900, (Figs. 150, 181, 152, y

183, & 184.)
Synony m :— Lylocephalion marsupiom Linton, 1914,

From Rhynchobatus djiddensis, Pearl Banks, Ceylon.
Southwell.

Shipley states that this species measures about 4 to 5 en.
m length and has a breadth of 1'5 mm. ; the testes are large
and scattered evenly through the proglottid. The cirrns is
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unarmed. The oyvary is posterior, and close to it is a finger-
shaped shell gland. The Iateral vitelline glands are prominent,
and their tubules unite to form a wide eanal which, with the
similar one from the other side of the body, opens into the
duct which leads from the ovary into the uterus. The latter
is figured arising immediately in front of the ovary, running
in the antero-posterior axis, as a tube with lobulated walls.
The worms, which are composed of over two hundred seg-
ments, measure up t¢ 8 cm. in length, and they have a
maximum breadth of about 1:5 mm. The entire strobila
is circular in cross-section. At first the scgments are broader

Fig. 180 —Adelobothriem artobotidis.  Viows of the head, X 35.
\ (After Southwell,)

than long, but the gravid terminal ones are longer than

proad, the largest measuring about I'3 mm. in length and

750 p in breadth. 'The posterior lateral margins only are

galient (imbricated). The genital pores are irregularly alter-

nate, and are situated about the middle of the lateral
margin. There is no neck. ,
~ Head. The entire head measures about 1-2 mm. in length,

~ and it has & maximum breadth of about 220 u. Anteriorly

b Lot

is a large myzorhynchus, 850 . in length, which is

‘usually conical in shape, with & rounded anferior extremity.
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_Eveu in very young worms it is not covered with spines, but
its posterior part is covered with an immense number of
extremely minute rugositics which, under the oil immersion,
have the appearance of very fine down or cilia, but no
spines could be discovered. The posterior part of the head

Fig. 181,

A‘uzobolhrium "’f"bah'dia,

y : f matme se = J
Fig. 181 —Transverse section ¢ CEment, %75, (After Southwell)
Fig, 182, —Mature segment; X 75. (After Sout.hwc]l.) y

consists of a membranous collar bearing four suckersavery
similar to that of Balanoéolhr tum tenay. :
Muscular System. This 18 well developed ; jmmediately
beneath the cuticle there is a layer of subeutanecous muscles.
Dorso-ventral fibres are fairly numerous and are well seen in
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transverse sections. There is a ring of large bundles running
“parallel with the cuticle, and internal to this a few annular
fibres can be seen.

Excretory System. There are two vessels of equal size running
along each lateral margin. The vagina and cirrus pouch run
between them.

Nervous System. There is a single nerve lying external to the
excretory vessels on each side.

Testes. The testes vary in number from about 130 to 150,
of which about twenty-five are situated posteriorly to the
cirrus pouch on the pore side. When fully developed they
oceupy practically the whole of the segment ; they are somewhat
oval and each measures about 55 by 45 p.

Fig. 183.—Adelobothrinm wlobatidis. Gravid segment, X 47,
v (After Sonthwell.)

Vas deferens, The cirrus pouch, when fully developed,
measures about 320 p in length by about 200 p in breadth.
Ty passes between the two water vessels and dorsally to the
vagina ; the cirrus is unarmed and extremely long ; when not

rotruded it forms numerous coils within the eirrus pouch.
many segments it was protruded and measured over
1-4 mm. in length. being as lon'g as three segments. Ougsido
the pouch the vas deferens dilates anteriorly to the cirrus
pouch and quite close to the lateral margin into a long and
wide muscular seminal vesicle which is loosely coiled. The
terminal part of the vas deferens lies anteriorly in the

_antero-posterior axis,

p
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Ovary. The ovary is bilobed and situated posteriorly, and,
even when fully developed, it is very narrow antero-posteriorly.
Tt consists of a number of oval or evlindrical acini.

Vagina. From the pore the vagina runs ventrally to the
cirrus pouch. At the median extremity of the latter organ it
turns backwards and almost immediately dilates into an
enormous muscular receptaculum swhich, when fully developed,
occupies a considerable portion of the area between the ecirrus
pouch and the ovary ; it is not figured by Shipley. Posteriorly
to the receptaculum the vagina narrows and immediately
behind the origin of the uterus it receives the common vitelline
duet and then continues as the oviduet.

Shell Gland. This is a globular organ, measuring about
90 by 60 i, sitnated between the two lobes of the ovary, and
apparently disposed round the oviduct. %
. Vitelline Glands. These glands are very conspicuous, and

Fig. 184 —ddetobothrivm wiobatidis. Eggs, X 600,
(After Southwell.)

consist of very large isolated acini. In young proglottidcﬁ
they only occur along each lateral margin, but; as the segment
becomes ripe, the glands extend until they cover the entire
dorsal and ventral surfaces. The common duct opens fo the
fertilization canal just posteriorly to the origin of the uterus.

Uterus. This arvises as a tube with lobulated walls run-
ning forwards from the centre of the ovary in the antero-
posterior axis. It continues to develop as a simple sae, and
altimately fills the segment entirely ; the seminal vesicle and
the receptaculum seminis are then pushed to the lateral
margin.

BEggs. These are round or slightly oval, and bear a long
filament at each pole. They measure about 25 ; in diameter,
and the filaments each measure up to 80 p in length. Ripe
eggs have not been seen, #
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Genus V. BALANOBOTHRIUM Hornell, 1912, emended.

Scolex acorn-shaped, consisting of a bulbous head hearing
four suckers and armed with simple or compound hooks ;
surrounding the posterior part of the head is a collar-like
pseudoscolex.

Hornell’s definition of the genus was as follows — Seolex
acorn-shaped, consisting of a bulbous head surrounded at the
base by a cup-shaped membranous collar; a pair of very
minute two-pronged uncini situated at four equidistant points
on the upper circumference of the head, a minute acetabulum
above each pair of uncini. Neck extremely short. Strobila
ligulate, the proglottides short and wide.” :

Type-species :—Balanobothrium tenaxr Hornell, 1912.

Key to Species.

Small worms up to 35 cm, in length, with less

L IR T e A S N e B. parvwon, p. 330,
Large worms ap to 35 em. in length, with over
LUy TR R cR B S el I, W AR S L. tenax, p. 385.

(1) Balanobothrium tenax Hornell, 1912, (Figs. 185, 186, 187,
& 188.)

From (1) Stegostoma tigrinum, Bay of Bengal and Pearl
Banks, Ceylon. Hornell. (2) Dasybatus walga, Pearl Banks,
Ceylon. Southwell.

Hornell gave the following diagnosis of his species :—
“ Seolex consisting of a bulbous sub-conical head encireled
at the base by a cup-like bothridial collar. Four pairs of
minute two-pronged uncini disposed at equal intervals around
the circumference of the head-bulb; the prongs are sharply
bent at mid-length and borne upon a common horizontal bar ;
in young specimens a spur-shaped projection oeccurs opposite
the base of the outer and longer prong. No definite neck.
Strobila ligulate, long and stout, 33 cm. in dead condition.
Narrow at anterior end, 1-3 mm., increasing slowly and
uniformly in width till it attains 4 mm. in front of the region
of ripening proglottides. Proglottides short, five to six times
broader than long in the wide region posterior to mid-length ;
ripa proglottides characteristically short and length never

ter than breadth. Grooves of segmentation apparent

"immediatcl,v behind bhothridial collar. Cuticle striated trans-

versely, with minute furrows. Ovaries arranged centrally in a
rosette of large pear-shaped globules, Genital pores lateral,
opening “'F" forward and anterior to mid-length ; disposition
irregular, in alternative consecutive series of from two to six
on the same side

.
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Hornell drew attention to the fact that in life the bulbous
portion of the head is embedded in a sac like outgrowth from
the internal wall of the gut. This outgrowth hangs freely in
the cavity of the intestine and has its base greatly constricted.,
The mouth or apex of the outgrowth is extremely small and
tightly encircles the narrow region of the head of the worm
situated between the scolex proper and the collar. In order
to see the head properly this sheath has to be removed.

The worms vary in length up to about 33 em.. and consist
of a large number of segments. The greatest breadth is
about 45 mm. ; the last segment measured 4 mm. in breadth

Fig. 185.

Fig. 186.

&'
|

| [ ] 1

Balanobothrium fenax,

Fig. 185, —Head, X 16 (note minute suckers and hooks). (After Southwell.)
Fig. 186.—A pair of hooks, (After Sonthwell.)

and 2.5 mm. in length. The genital pores are irregularly
alternate and are situated a little in front qi the middle of the
lateral margin. The uterine pore is prominent and is placed
at the middle of the ventral surface.

Head. The bulbous gubconical head measures about
2.7 mm. in length and 2:2 mm. in breadth. The collar or
pseudoscolex has a length of about 600 v and a breadth of
about 2 mm. There are four extremely minute suckers on the
bulbous portion of the head situated equidistant from each
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other. They have a diameter of about 40 to 50 o only.
Beneath, or posterior to, each sucker there are a pair of com-
pound hooks, the measurements of which are as follows :(—
Length of basal_part, 28 to 32 u; breadth, 14 u; length
of larger prong, including base, 32 12 ; excluding base, 18 725
llefgth of smaller prong, including base, 23 p ; excluding base,
Neck. The neck is very short, measuring only about 3 to
4 mm. in length. g
. Muscular System. Immediately beneath the cuticle there
15 a layer of subcuticular fibres. ~ The oblique fibres are fairly
promment;, and Tun hetween the bundles of longitudinal
muscles. The latter are strongly developed and consist of a
number of large nternal bundles, together with numerous
others, which dc‘”"’“s? n size towards the external surfaces ;
all these fibres are distributed in a single layer. Internally
to the longitudinal muscles there is an annular layer.

Fig. 187.—Balanobothyriym tenax. Transverse section of mature
fegment, x 28, (After Sonthwell.)

Excretory System. There is a large ventral excretory vessel,
having a diameter of about 150 y, near each lateral margin.
The dorsal vessel is &0 small that it can only occasionally

. be seen even under high-power magnifications; it has a
«  diameter of about 5y only, The cirrus pouch and vagina
«  run dorsally to the ventral vessel.

Nervous System. There is a single nerve situated laterally

‘:to the excretory system.

Testes. There are over 500 globular testes: when fully
developed they each measure about 60 g in diameter. They
are situated dorsally ; on the pore side there are about 130
behind and about 110 in front of the cirrus pouch. In
the aporal half of the segment there are about 300.

Vas deferens. The cirrus pouch lies posteriorly to the vagina
and has a length of about 900 p and a breadth of about 300 p.
The cirrus is densely beset with very minute spines or hairs.
A number of coils of the vas deferens lie inside the pouch,
Qutside the latter it is thrown into a number of coils which

VOL, 1. ¥
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extend almost to the middle of the segment and slightly in
front of it. Seminal vesicle absent. g

Ovary. The ovary consists of two wings situated quite
posteriorly ; each half consists of a number of elongated
club-shaped lobes radiating laterally, and each 1s densely
granular in appearance. In Hornell’s figure the uterus is
shown as the ovary.

_Vagina. From the pore the vagina runs in front of the .

cirrus pouch. At the median extremity of the latter it bends
at right angles and turns backwards to the centre of the ovary.
where it becomes confluent with the oviduct and receives the
ducts of the vitelline glands and shell gland. At this point .
the uterusarises and extends forwards, Receptaculum absent.

Fig. 188.—Balanobothrium tenax. Muture segment, X 28,
J(Aftor Southwell.)

Shell Gland. This is a small organ lying posteriorly to lhB‘
centre of the ovary. i

Vitelline Glands. These are conspicuous organs disposed
laterally to the ventral water vessels on each side and extending
the entire length of the segment except where interrupted
by the cirrus pouch and vagina ; each acinus has a diamete
of about 18 p.

[terus. The uterus arises in front of the ovary and runs
anteriorly ; at first it consists of a central stem with lobulated
lateral and anterior walls. Even before it contains eggs it

s on the ventral surface by a large pore. There can be
no doubt that this pore is primary and not due to dehiscence .
of the uterine or body wall. In full development the central
\tterine stem contracts and the lobuli become enlarged, giving .
‘the uterus a rosette appearance.

—
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Eggs. No ripe eggs have been seen ; those taken from the
most mature segment have a diameter of 28 p and contain a
segmenting ovam, the oncosphere not having developed.

(2) Balanobothrinm parvam Southwell, 1925, (Figs. 189, 190,
191, & 192.)

From Dasybatus sp. and Galeocerdo arcticus, Pear]l Banks,
Ceylon. Southwell.

The worm varies in length from about 1-6 to 3:5 em. and
the breadth from 480 p to 1 mm.; the larger specimens are
composed of about three hundred segments. At first these
are very shallow, but the posterior ones are much longer
than broad ; the largest measured 1-6 mm. in length and

Fig. 189,

Fig. 190.

Balanobothrinm parpum, (After Sonthwell.)

Pig, 189,—Head, X 166.
Fig. 190.—A pair of hooks, X 575,

300 p in breadth ; the lateral margins of the segments are
not imbricated. The genital pores are irregularly alternate
and are situated g little in front of the centre of the lateral
margin,

Head. The head resembles that of B. tenax, but it is much
smaller ; it measures from 210 to 250 p in length and from
200 to 280 p in breadth. It consists of an anterior globular
portion which bears four suckers and four pairs of com.

ound hooks, and a posterior membranous, collar-like part ;

" the lenath of the basal portion of the hook is about 31

zZ'2
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and the distance from, and including, the basal portion to the
top of the curved hoolk is 24 p.

Neck. The neck measures about 1:6 mm. in length and is
usually eylindrical.

Muscular System. The cuticle has a breadth of about 9 p;
immediately beneath it is a layer of longitudinal bundles
having a thickness, in the vicinity of the testes, of about 110 .
Interspersed between the bundles are a very few oblique
and internally to them some annular fibres,

Bxcretory System. There are two vessels of about the same
size on each side, one being directly dorsal to the other,

Fig. 191.—Balapabothrivh P4 eoum,  Trapg

214 ©r8e seoti
almost mature segment, X AL A

Aftor Sonthwell.)

Nervous System. A single D€IVe runs alons oach lateral
margin cxten‘:ally to the tWO cxcrstory Vessclg?

Testes. The testes vary i ““"Jl er from about 110 to 140.
When fully mature they are globular, and each has a diameter
of 36 . e

V. aap@jercns. The cirrus pouc.hllB sibuated posteriorly to the
vagina ; the cirrus is beset with innumerable gmall spines,
and its terminal portion 18 dilated. A number of coils of the
vas deferens lie within the pouch.  Outside the latter the
vas deferens runs anteriorly from !t as a much_coiled tube in
the antero-posterior axis. Seminal vesicle apparently absent.
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Ovary. This is situated posteriorly, and is either bilobed,
U-shaped, or Y-shaped. It consists of a large number of
globular acini each having a diameter of about 20 p.

Vagina. From the pore the vagina runs in front of the
cirrus pouch ; at the median extremity of the latter organ
it turns backwards rather suddenly through 90° to the
ovary. In mature segments the whole length of the vagina
between the cirrus pouch and the ovary is very dilated
and its walls are lobulated, the entire swelling acting as a
receptaculum seminis,

_ Vitelline Glands. These consist of a single row of acini
situated along each lateral margin, but at the posterior

e e
WS90
S

Fig. 192.—Balanobothrium parvwm. Mature segment, X 112,
(After Southwell.)

extremity of the ovary there are two or more rows. Each
acinus is cylindrical, and lies with its long axis parallel to the
transverse axis of the segment.

Shell Gland. This consists of a granular condensation dis-
tributed as a small globular mass round the fertilization canal.

Uterus. No gravid segments were seen. In the most mature
ones the uterus consisted of a tube with lobulated walls
running forwards in the antero-posterior axis of the segment |
eggs unknown.

The form of the head places the worm in the genus Balano-
bothrium Hornell, emended. It differs from B. tenaz Hornell,
the only other species within the genus, in being very much
smaller and in having fewer testes.
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Genus V1. POLYPOCEPHALUS Braun, 1878.

Synenyms :— Paratenia Linton, 1889,
Thysanobothrium Shipley & Hornell, 1906.
Anthemobothyium Shipley & Hornell, 1006,

Bm!m in 1878 erected the genus Polypocephalus with the
fo}lmnng characters :—* Head subglobular with four suckers.
Vle'.v.e(l en face it is square and flat ; in the centre there is an
opening leading into a sac-like cavity ; glands seem to open
into this cavity. Round its periphery there are sixteen
unarmed tentacles. Cenital pores 2

Type-species :—Polypocephalus radiatus Braun, 1878,

Key to Species.

Tentacles feather-like . ...... oo e s e e 17, pulcher, p. 3}6.
Tentacles simple and tubular ... .00 eeeeon- P, radiatus, p. H2.

(1) Polypocephalus radiatus Braun, 1578, (Figs. 193, 194, &
195.)
Synonyms :— Physanobothrivm uarnakense Shipley & T ornell, 1906,
Puratenin elongatus Southwell, 1912,

From Dasybatus uarnak and D. luhli, Pearl Banks, Ceylon.
Hornell : Sonthwell. Also from D. sephen, Chilka Lake, Orissa,
India. Southwell. v

This worm, of which Braun had only two fragments, one
with a head, measures about 2-5 em. in length ; the head is
globular and bears four suckers, terminating anteriorly in a
muscular ring, median to which there are sixteen hollow
eylindrical tentacles radiating outwards. In the centre of the
head there is a small os. The dimensions of the worm are as
follows :—Length of head, 346 hreadth of head, 356 p;
length of tentacles, 339 to 396 breadth of tentacles, 48
to 67 pu; diameter of os, 5 to 11 p. Segmentation begins a
little hehind the head : the last segments are barrel-shaped
and measure 452 to 540 p in length and 339 p in breadth.
The worms were apparently immature, as the genital organs
are not deseribed.

Linton in 1889, apparently unaware of Braun’s genus
Polypocephalus (for he does not refer to it), created the genus
Paratenia, with the following characters :—"* Body teenieform,
articulate.  Head subglobose, with four small opposite
gessile hothrin, Terminal os with sixteen protractile tentacular
~ proboscides. Genital apertures marginal. " He was of opinion

that the genus was related to Teania and that the * tenta-
cular proboseides ” were probably homologons with the
rostelium of the avian Teniide,
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It appears undesirable to apply the term proboscides to the
tentacular outgrowths, as they differ from the prohoscides
found in the order Trypanorhyncha. Linton’s figure of the
head shows that bothridia (lappet-like outgrowths) are absent :
as the scolex bears four suckers, or acetabula. he placed it in
the family Teniidee. He apparently made no distinction
between bothria and acetabula, for he refers to the suckers in
Paratenia medusia as * bothria or acetabula.” Tt is usual
to apply the former term to grooves found along the sides
of the head which possess no special musculature, as in
Dibothriocephalus latus, and to restrict the latter to hemi-
spherical cups which possess a special and strongly developed
musculature,

The characters of the genus are as follows :—Strobila
gegmented. Head subglobular, with four acetabula, There
8 a terminal sucker from which arise a number of retractile
tentacles.

Shipley and Hornell in 1006 created the genus Thysano-
bothrium, with the following characters :—" Length 7 cm.,

Fig. 193.—Polypocophalis radiafus. Hond, > nbaut 20.
(After Shiploy and Hornoll.)

posterior proglottides being 1:5 mm. to 2 mm. long. Head
sqn_a_gish, with a sheath bearing four minute suckers at the
_angles ; within the sheath a rounded knob, and between the
ﬁ: heath and the knob a ring of some twenty finger-like
ntacles stretched forward. Neck long.  Genital pores very
irregularly alternate.”

These characters agree exactly with those ascribed to the
genus Polypocephalus by Braun in 1878, with the exception
that Shipley and Hornell mention the presence of & terminal
** knob ”’ lying in front of the tentacles, although in the only
species of this genus which they described thisz knob or
myzorhynchus is not figured. They also state that the
tentacles * are very curious, and, as far as we know, are unique
amongst Cestoda.”  There can, I think, be no doubt _that the
genus Thysanobothrium Shipley and Hornell, 1906, is identical
with Polypocephalus Braun, 1878,

-
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Thysanobothrium narnakense Shipley & Hornell, 1906,

. The worm measures up to 7 cm. in length, the posterior

proglottid being 1-5 to 2 mm. in length and 1 mm. in
breadth. Anteriorly the worm is about 300 p in breadth ;
the head has a diameter of at least 500 yu, and is squarish
and yet subglobular, with four minute suckers. The latter
are borne on a cup-like external bowl which surrounds a
central portion, and between these two parts about sixteen
to twenty simple tentacles protrude. The neck is about
5 mm. in length : the segments are not salient and the genita/

Fig. 194, Polypocephalus vadialus, Entire worm, x 1{.
(After Sonthwell)

pores are irregularly alternate. Det.ails.of_ the anatomy of
the worm are not given. The species 18 inseparable from
P. rodiatus Braun, 1878,

Paratenia elongatus Southwell, 1912,

The worm attains & maximum length of 5 cm. and a breadth
of 1 mm. Itis oval in cross-section; all the segments are
much broader than long and have salient posterior margins.

Head, The head measures from 380 to 500 4 in length and
420 . in breadth ; it bears four suckers, each of which has
a diameter of about 80 p. 1t is terminated anteriorly by a
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large and deep fossa from which about sixteen digitate
tentacles arise, These are retractile and are also capable
of being elongated to two or three times the length of the
head, the appearance of the latter being very different when
the tentacles are extruded from what it is when they are
retracted.
Neck. The neck is slightly narrower than the head and has

a length of about 700 Wi it gradually merges into the segments.
Both the cortical and medullary parenchyma are notably
spongy,

] Ezxeretory System. There are two vessels of about the same
S1ZE Tunning 810ng each lateral margin ; they vary in diameter
between ywide limits in different segments of the worm.

Fig. 105, —Polypocephalus radiatus. Mature segment, X 212,
B 4 (After Southwell.)

Nervous System. There is a single nerve running along each
Jateral margin lying externally to the water vessels,
 Muscular System. No circular fibres are to be seen in trans.
‘verse sections in the region of the testes, so that they are
either entirely absent or very scanty. The diagonal fihres
are fairly prominent : the longitudinal muscles are also well
developed, and consist of a large number of small bundles

" four or five deep transversely, which decrease in size towards
the periphery. . J
Testes. There are four testes, which are enormous in com.
arison with the size of the segment ; they almost completely
fill the latter and each has a diameter of about 75 p.

Vas deferens. The cirrus pouch is pyriform, but very small
and inconspicuous ; it measures about 55 p in lcngtl) and 36
in breadth ; it appears to lie posteriorly to the vagina, but this
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point was not definitely established. The cirrus bears a small
number of spines near its extremity. Inside the pouch the
vas deferens forms a small coil.

Ouvary. This is a bilobed organ situated quite posteriorly ;
at its lateral extremities it expands fanwise. Under high
magnifications it has a dense granular appearance.

Vagina. From the pore the vagina runs in front of the
cirrus pouch in the transverse direction. It then turns
backwards to the eentre of the ovary, where it dilates into a
small receptaculum seminis.

Shell Gland. This is a small granular organ having a diameter
of about 23 1 and situated just posteriorly to the receptaculum
Seminis. . _

Vitelline Glands. These consist of a single row of very large
glands, each one having a length of 30 x ; they lie with their long
axes parallel to the transverse axis of the segment along each
lateral margin.  On the pore side there are five acini only, all
of which lic posteriorly to the cirrus pouch, whilst aporally
there are nine acini ; they all appeared to be disintegrating.

Uterus. The uterus arises as a tube running in the median
line forwards from the ovary. Its walls become lobulated, .
and eventually it fills the entire segmenf; uterine pore
apparently absent.

Eggs. Unknown.

(2) Polypocephalus pulcher(Shipley & Hornell, 1906). (Fig. 196.)
Synonym :—Anthemobothrium prdchyum Shipley & Hornell, 1906

From Dasybatus sephen, Pearl Banks, Ceylon. Hornell.

The characters of the genus Anthemobothrium, which con-
tains one species only, are :—* 14 mm. long when preserved.
Head about 1 mm. in diameter, almost spherical, with four
small guckers in the hinder half, and fourteen feathered
bothridia radiating over the anterior half. Neck narrow and
short. Proglottides slightly overlapping their successors.
The skin is faintly striped. The uterus in the posterior
proglottides occupics almost all the space and is cmwdod-'*
with ova.” (Shipley &= Hornell.)

The only difference between the genera Anthemobothrium and
Polypocephalus is that in the former the tentacles are said to be
feather-like, whereas in Polypocephalus they are simple and &
tubular. The writer regards this difference as being of specific
value only, and accordingly considers the genus Anthemo-
bothrium synonymous with Polypocephalus, the latter having
priority. ,

Anthemobothrivm pulchrum was described by Shipley and
Hornell as follows :—"* A single example of this beautiful
and remarkable Cestode was found amongst the crowd of
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Tetrarhymchus leucomelanus and  Prosthecobothrium  walga
[sic T 8.] taken from the intestine of a Prygon sephen captured
in Dutch Bay.

“ Tt measures 14 mm. in length when preserved in formaline,
and as the posterior segments aré crowded with eggs, it is
apparently a full-grown worm. The head, which is almost
spherical and as broad as it is long, measures just under 1 mm.
across. The neck is very slender and short, and the body
gradually, but slowly, broadens until the last segments are
about 0:6 mm. broad by 0-9 mm. or 1 mm. long. The head
consists of a basal hemisphere bearing four equidistant, small,
rounded suckers. From the distal end of this basal part

Fig. 196.— Polypocephalus prlcher,  Hend, X 40,
(After Shipley and Hornell.)

emerge fourteen radiating bothridia, which are flattened down
and look like so many neatly arranged ostrich feathers or
frilled petals of a flower. The neck is narrow and short. The
proglottides soon appear, at first much wider than long, but
by the middle of the body they are square, and behind are
twice as long as they are broad. The genital pore is not clearly
visible, but some proglottides seemed to show an aperture on the
flat surface near the anterior end. The uterus arises also at
this end and is soon evident as a clear coiled tube. The
divisions between neighbouring coils soon break down, and
in the last proglottis the uterus, crammed with eggs, 0CCupies
almost all the space in the segment. - .

“ Pach segment has a very short lip posteriorly, which
slightly overlaps the succeeding one. There is algo & curious
arrangement, probably of glands, in the skin, which gives the
Cestode a longitudinally striped appearance, darker bands
where the glands are present alternating with lighter arcas
‘where they are not.” -
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Genus VII. CALYCOBOTHRIUM (Southwell, 1911).

Synonym :— Ciyelobothrivm Southwell, 1011,

Body segmented. Head shaped like a daisy with a central
myzorhynchus bearing (?) four suckers, and surrounded
externally and posteriorly by a frill of about fourteen hollow,
unbranched, digitate, sucker-like tentacles arising from the
base of the myzorhynchus. Genital pores marginal.

Type-species :—Calycobothrium typicum (Southwell, 1911).

The writer erected the genus Cyclobothrium to accommodate
a single species (€. typicum) closely related to Polypocephalus
Braun, 1878. As the name proved to be already occupied,
it was changed to Calycobothrium. The genus differs from
Polypocephalus in possessing a myzorhynchus which bears
suckers, and which is situated in front of the tentacles,

whereas in Polypocephalus there is no myzorhynchus, and the

suckers are borne on the head, which is situated posterior to
the tentacles.

Fig. 197.—Calycobothrium typiewm, Head, x 25,
(After Southwell.)

Calycobothrium typicum (Southwell, 1911). (Figs. 197 & 195,

Synonym =~ Cyelobothrium typicon Southwell, 1017,

From Stoasodon narinari, Pearl Banks, Ceylon, Southwell.
The worm measures 8 cm, in length ; the head is 500 p in
length and 1 mm. in breadth ; it consists of a large, central,
slightly bifid myzorhynchus bearing (?)four small suckers.
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From the base of the myzorhynchus about fourteen hollow,
unbranched, digitate, sucker-like processes arise which spread
out in a plane almost at right angles to the long axis of the
worm. Neck 2 mm. in length ; greatest breadth of the worm
1-7 mm. Posterior segments 2 mm. in length. Genital pores
irregularly alternate ; details relating to the muscular, excre-
tory, and nervous systems are not known.

Testes. There are about 125 testes, of which some twenty-
four lie posteriorly to the cirrus pouch on the pore side. Each
has a diameter of about 36 w.

Fig. 198.—Calycobathriimn typicum. Mature segmont, X 112,
(After Southwell.)

Vas deferens. The cirrus pouch extends halfway across the
segment and measures about 150 by 75 . The cirrus is
dilated and bears a few spines ; a portion of the vas deferens
usnally lies coiled within the pouch ; it is dilated at one point
into a small internal seminal vesicle. Outside the pouch the vas
deferens narrows considerably, and is thrown into a number of
small and closely.set coils which lie anteriorly in the middle
line, just in front of the bend in the vagina, The cirrus pouch
lies posteriorly to the vagina, and the genital pores are
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irregularly alternate, being situated a little in front of the
middle of the lateral margm.

Ovary. The ovary consists of densely granular material, and
it occupies the whole of the posterior quarter of the segment.

Vagina. From the pore the vagina runs in front of the
cirrus pouch in the transverse direction; turning sharply
backwards, it proceeds to the mid-ovarian region, gradually
dilating posteriorly. It then narrows suddenly and again
dilates into a rounded receptaculum seminis. The latter lies
in the middle of the ovary and has a diameter of about 30 p.
The maximum diameter of the vagina is about 36 . No shell
gland could be seen.

Vitelline Glands. These consist of two broad bands of acini,
lying externally to the water vessels and extending the whole
length of each segment except where interrupted by the
vagina and cirrus-pouch ; each acinus has a diameter of nbout“
4 .

“Uterlw. The uterus was not developed ; eggs unknown.

There can be no doubt whatever that tentacles are charac-
teristic of the genera Polypocephalus Braun, 1878, and
Calycobothrium (Southwell, 1911).

Shipley states that in Petragonocephalum trygonis Shipley &
Hornell, 1905 (=Tylocephalum trygonis Shipley & Hornell,
1906), the suckers have a minute orifice, and * from these
suckers small papillee protrude, passing through the orifice.”

Genus VIIL STAUROBOTHRIUM Shipley & Hornell, 1905.

Shipley and Hornell defined the above genus as follows :—
“ Cestode with large cruciform head, without hooks, genital
pore lateral, no neck. From the intestine of &tiobatis narinari,
Ceylon Pearl Banks.” i

Type-species :—Staurobothrium  atobatidis  Shipley &
Hornell, 1905.

Staurobothrium stobatidis (Shipley & Hornell, 1905).  (Figs.
199, 200, & 201.) .

From Stoasodon narinari, Pearl Banks, Ceylon, Hornell;
Southwell.

“ Head without hooks or any armature, it congists of four
well-marked arms projecting from a centre, like the arms of a
Maltese cross ; each arm ends in a shallow sucker ; anteriorly
where the arms meet is a low annulated papilla representing
the rostrum, but, as said above, there are no hooks. There is
no neck. Each proglottis overhangs the one which succeeds
it by salient angles forming a funnel-shaped skirt, The genital
opening is on one side. The uterus, when full of ova, is

.
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follicular. The average length of the worm, with about 100
proglottides, is 15 mm., the average width from 05 mm. to
'0.7 mm.*  (Shipley & Homell.)ﬂ .
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Head. The head measures about 600 y in length and from
900  to 1-5 mm. in breadth. It consists of four powerful
suckers borne on very short pedicles and arranged like a Maltese
cross. The suckers have a diameter of from 510 to 680 u,
and the pedicle measures about 75 i when contracted.

The terminal papilla noted by Shipley and Hornell appears
to be variable. The head is very muscular and, when mounted,
its anterior face is seen to be traversed by strong muscles

: g s n wlobatidis, &
Fig. 201_._““"",1,01)”12“& e Smlthweuﬁhm segment, % 212,

arranged in a cross. The suckers are Jikewise very muscular.
There is no neck, :

The genital pores are ll'_rﬁg“]‘“'l}'_ alternate and are situated,
in immature segments, either a little in front of or a little
behind the middle of the lateral margin,  Tn the mature

roglottides they usually lie In front of the centre of the
ateral margin,

Nothing is known about the mugeular, excretory, and
nervous systems.
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Testes. These appear very early, and are almost fully
developed before the cirrus pouch and ovary appear. There
are about twenty-four testes ; at first they occupy the centre
of the segment, but as they mature they become scattered,
and then they occur practically over the whole of the dorsal
surface. Each testis has a diameter of about 50 .

Vas deferens. The cirrus pouch is pyriform and runs back-
wards and only slightly towards the middle, so that the whole
sac appears to be nearly parallel to the lateral margin of the
segment. When fully developed it measures about 120 p in
length by 55 i in breadth ; it lies posteriorly to the vagina.
The cirrus forms a number of coils within the pouch and appears
to be unarmed. Outside the latter the course of the vas
deferens is very short ; seminal vesicle absent (7).

Ovary. This is a bilobed organ situated posteriorly, and
presenting a homogeneous granular appearance.

Vagina. The opening of the vagina lies in front of that
of the vas deferens ; from the pore the vagina curves and runs
posteriorly, dilating into a very large muscular receptaculum

~seminis. Shell gland minute or absent.

Vitelline Glands. These are situated laterally and consist of
a few very large acini which stain deeply, and, as a result, are
very conspicuous in stained specimens. They only appear
after the uterus has developed.

Uterus. The immature uterus consists of a tube with
lobulated walls running along the antero-posterior axis of
the segment. The form of the gravid uterus is unknown.

Genera of uncertain Systematic Position, bui probably
belonging to the Family Lecanicephalidee.

Grenus I. ENIOCHOBOTHRIUM Shipley & Hornell, 1906.

*“Small Cestode, ranging from 6 mm. to 12 mm. in length,
Head unarmed, with four suckers, rostellum conspicuous.
Body divided into several regions, first a narrow neck of three

“or foursegments ; secondly, an ovalregion of eighteen segments,
“which get broader until about the tenth proglottis and then

narrow again—the segments of this region overlap like a many-
caped cloak : thirdly, a second very narrow region of eighteen
segments, all about the same size ; fourthly, the reproductively
ripe region of six to eight segments rapidly maturing and
becoming very large, the last, and in some cases the !ast two,
being as large as the rest of the body. The reproductive pores
are lateral and alternating; the cirrus bulb and cirrus are
very large, and the latter has a broad band of chitinous
gpicules.” (Shipley & Hornell.) ; )

_ Type-species :—~Eniochobothrium yracile Shipley & Hornell,
1906. 134

YOI, 1. -A
«
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Eniochobothrium gracile Shipley & Hornell, 1906, (Fig. 202.)

From Rhinoptera javanica, Pearl Banks, Ceylon. Hornell.

The following is an abstract of the original description
of this species :—In the living condition the worm measures
12 mm.; preserved specimens measure about 5 mm, The

Figr. 202,— Eniochobothwium gracile. Entire worms, x g9,
(After Shiploy and Hornell,)

head bears four suckers and an unarmed rostellum, The
neck is either very short or absent, .m}d 15 followed by an
expanded portion of the strobila consisting of about eigﬁteen
segments, the edges of which are salient.  Behing this expan-
sion the strobila suddenly becomes narrow, the narroy portion
again containing about eighteen segments: but it is much
shorter in length than the preceding portion of the strobila. -
Behind this second portion, there are six or eight scgments;
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which rapidly inerease in size, the last segment being as long
as the rest of the worm. The ecirrus sac is median and con-
spicuous, and a portion of the cirrus is armed. The genital
openings are lateral and alternating; only traces of the
vitellaria and testes were noted by the authors, and thus the
anatomy of the worm is not known. ... The peculiarities
of this cestode are so marked that it deserves to be recognized
as at least a new genus, if not representative of a new family.
Until we know more of its anatomy, it is probably wiser to
confine ourselves to the establishment of a new genus, and we
suggest the name of Kniochobothrium, in view of the cestode’s
many-caped-coachman-like appearance.

This worm was deseribed from two or three specimens, and
its anatomy is entirely unknown. The presence of four
suckers on the head allies it to the family Lecanicephalida;
it is impossible to classify it further. It is not improbable
that the peculiar appearance of the strobila may be an
abnormal condition, but, even if such is the case, the head
appears to be distinctive of a new genus.

 Genus 11. DISCOBOTHRIUM yan Beneden, 1870.
Synonym :—Hornellobothrium Shipley & Hornell, 19086.

Van Beneden in 1870 figured the head of a worm, two
examples of which he obtained from the intestine of Raja
clavata, and which he named Discobothrium fallax. He gave
no deseription of the worm, nor did he define the characters
of the genus. :

Braun (1900) described the head as having a large myzorhyn.
chus and four small bothridia ; he placed the worm in the order
Tetraphyllidea. and in the family Phyllobothriidae, as a sub-
genus of Echeneibothrium.

Mpnticelli (1890) and Olsson (1893) were of the opinion
that 0. fallax was identical with Echencibothrium variabile
van Ben.

Lonnberg (1889), however, considered that both the genus
Discobothrium and the species fallaz were distinct, and with
this opinion Beauchamp (1905) agreed.

Hornellobothrinm Shipley & Hornell, 1906,

* Very minute, 2 mm. in length. Head with rostellnm and
four suckers.  No neck, but the body behind the head expands
into a flattened region, sometimes like the head of a cobra ;
some twenty segments make this ; the breadth then contracts
and the proglottides become cvlindrical, cuticle finely striated.
Reproductive pores alternate, slightly irregular.” (Shipley d:
Hornoll.)

Type-species :—Hornellobothrium  cobraformis  Shipley &
Hornell.

242
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Eniochobothrinm gracile Shipley & Hornell, 1906. (Iig. 202.)

From Rhinoptera javanica, Pearl Banks, Cevlon. Hornell.

The following is an abstract of the original description
of this species :—In the living condition the worm measures
12 mm.; preserved specimens measure about 5 mm. The

Fig. 202.— Eniochobothrium gracile, Entire worms, x 30,
(After Shipley and Hornell.)

head bears four suckers and an unarmed rostellum, The
neck is either very short or absent, and is followed by an
expanded portion of the strobila consisting of about eighteen
segments, the edges of which are salient. Behind this expan-
sion the strobila suddenly becomes narrow, the narrow portion
again containing about eighteen segments: hut it is much
shorter in length than the preceding portion of the strobila. -
Behind this second portion, there are six or eight segments
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which rapidly increase in size, the last segment being as long
as the rest of the worm. The cirrus sac is median and con-
spicuous, and a portion of the cirrus is armed. The genital
openings are lateral and alternating; only traces of the
vitellavia and testes were noted by the authors, and thus the
anatomy of the worm is not known.... The peculiarities
of this cestode are so marked that it deserves to be recognized
as at least a new genus, if not representative of a new family.
Until we know more of its anatomy, it is probably wiser to
confine ourselves to the establishment of a new genus, and we
suggest the name of Eniochobothrium, in view of the cestode’s
many-caped-coachman-like appearance.

This worm was deseribed from two or three specimens, and
its anatomy is entirely unknown., The presence of four
suckers on the head allies it to the family Lecanicephalida;
it is impossible to classify it further. It is not improbable
that the peculiar appearance of the strobila may be an
abnormal condition, but, even if such is the case, the head
appears to be distinctive of a new genus.

v (Genus [1. DISCOBOTHRIUM van Beneden, 1870,
Synonym :—Hornellohothrium Shipley & Hornell, 1906.

Van Beneden in 1870 figured the head of a worm, two
examples of which he obtained from the intestine of Raja
clavata, and which he named Discobothrium fallaxz. He gave
‘1o description of the worm, nor did he define the characters
of the genus. '

Braun (1900) described the head as having a large myzorhyn-
chus and four small bothridia ; he placed the worm in the order
Tetraphyllidea, and in the family Phyllobothriidze, as a sub-
genus of Echenethothrium.

Mpnticelli (1890) and Olsson (1893) were of the opinion
that D. falleax was identical with Echeneibothrium variabile
van Ben.

 Lonnberg (1889), however, considered that both the genus
Discobothrium and the species fallax were distinct, and with
this opinion Beauchamp (1905) agreed.

Hornellobothrium Shipley & Hornell, 1906,
“Very minnte, 2 mm. in length. Head with rostellum and
four suckers. No neck, but the body behind the head expands
into a flattened region, sometimes like the head of a cobra ;
some twenty segments make this ; the breadth then contracts
and the proglottides become cylindrical, cuticle finely striated.
Reproductive pores alternate, slightly irregular.” (Skipley &
Hornell.)
Type-species :—Hornellobothrium  cobraformis  Shipley &
Hornell.
Z'A 2
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Discobothrium cobraforme (Shipley & Hornell, 1906), (Fig. 203.)
Svnonym :— Hornellobothrium cobraformiz Shipley & Hornell, 1906.

From Stoasodon narinari, Pearl Banks, Ceylon. Hornell.

“ Great numbers of this curious and very minute species

were found in the spiral intestine of “Etiobatis narinari ; five
of these were sent to England. They are so small as not to be

Fig. 208, —Discobotirinwm cobrajorme, Anterior end, X 100,
{After Shiploy and Hornell.)

much more than visible to the naked eye, for although they

are ... 2 mm. in length, they are of an extreme tenuity in
breadth, looking like little bits of very fino white silk. )

“ When alive, these Cestodes have a head with knob-like
rostellum, on a constricted stalk ; this emerges from a broader
squarish base, whose angles bear four deep suckers. The
whole is capable of considerable expansion and contraction ;
and constitutes the head. There is no neck, the proglottides
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beginning immediately after the head. The first twenty
proglottides widen out to form a broad flattened part of the
body, in outline like the inflated hood of a cobra. These
proglottides are all many times as broad as they are long, and
the ratio of these diameters is greatest about the tenth or
eleventh segment. About the twenty-first or twenty-second
segment the proglottides become, perhaps, twice as broad as
long and by the twenty-fourth they are square ; the remaining
four or five proglottides are longer than broad, but the longest
i8 never more than twice as long as broad. The posterior
edges of the proglottides overhang the succeeding segments,
but the extent to which this is done varies with the state of
the contraction or expansion of the body. The cuticle is
finely striated. The reproductive pores are alternate, but
rather irregularly so, two consecutively left or right sometimes
appearing.” Habitat :—Ztobatis narinari, in the gpiral intes-
tine, (Shipley d&: Hornell.)

The figures of the head of D. fallax and H. cobraforme
lead one to conclude that the genus Hornellobothrivm is
synonymous with Discobothrium ; the species H. cobraforme
(D. cobraforme) is, however. different from the species D. fallaz.

Superfamily V. PROTEOCEPHALOIDEA, nov.

Synonym :i—Proteocephalide La Rus, 1011,

HiISTORICAL ACCOUNT.

The confusion which exists with reference to the classification
of the genera and species included in this superfamily is so
great that it is not possible at present to do more than indicate
the various ways in which systematic work on the group has

been attempted during recent years.

The anatomy of a mature proteocephalid segment resembles
that of a typical phyllobothrian in some detail, but gravid
gegments of the former differ from those of the latter in that
the uterus usually consists of a wide, central, longitudinal
stem which bears lateral pouches. Further, a uterine pore,
or a number of pores, commonly oceur on the ventral surface
of the gravid Segments (only), whereas in phylobothrians
uterine pores are nsually absent. In addition, the hc:ml d:ﬂ'ors
widely from that of a phyllobothrian. In the latter it consists
of four earlike lappets, whilst in the former it 1s a solid
structure bearing four suckers (and in some cases with a
terminal fifth sucker), thus resembling closely the head of
a tenioidean. The range of morphological variations found
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in species included in the superfamily is probably not greater
than that found in most others, and the present. chaotic con-
dition is due to the fact that authors have utilized different
characters in their definitions ot genera.

Rudolphi in 1802 gave a brief description of two worms,
one from the intestine of Perca fluviatilis, which he named
T@nia ocellata, and another from the intestine of Gasterosteus
aculeatus, which he named Tania filicollis.

Blainville in 1828 used the name Proteocephala for a group
of cestodes which contained Caryophylleus Gmelin, 1790.

Weinland in 1858 erected the genus Proteocephalus, citing
7. ambigua Dujardin, 1845, as the type. The name Proteo-
cephalus was thus used by Weinland for a group of worms
quite different from those to which Blainville had applied the
name Proteocephala. /

Lonnberg i 1894 erected the genus Ichthyolenia to contain
the species deseribed by Rudolphi.

Railliet (1899) stated that 7°. aembigua Dujardin, 1845,
is synonymous with both 7. ecellata Rudolphi, 1802, and
T. filicollis Rudolphi, 1802.

Meggitt (1914 and 1927) maintains that as the name Pro-
teocephalus Weinland, 1858, was preoccupied by Proteocephala
Blainville, 1828, the name of the genus should be Iehithyolenia,
and not Protescephalus. i/

La Rue (1914) states that as Lonnberg named [fehthyotania
Jilicollis first in his list. that name is to be considered the type
of the genus : and that, unless Railliet’s contention is wrong,
Lchthyotenia Linnberg, 1894, becomes a synonym of Pro-
teocephalus Weinland, 1858. The latter point can never be

determined, and the result is that some authors (Fuhrmann and

Meggitt; retain the name fehthyotenia, whilst others (La Rue
and Woodland) retain Proteocephalus for the same group of
WOrms.

Ariola (1899) placed the genus [ehithyotenia in a special family
which he named Tehthyotweniidse.

La Rue (1911) erected the family Proteocephalide, and
included in it the genera Proteocephalus Weinland, 1858 ;
Corallobothrium Fritsch, 1886 : Crepidobothrium Monticelli,
1899 :  Acanthotania Linstow, 1903 ; Choanoscolez La Rue,
1911 ; Ophiotania La Rue, 1911,

In 1891 Monticelli erected the genus T'efracotylus for a worm
obtained from Silurus sp. which resembled fairly closely
others which had previously been referred to the genus
Ichthyotenia.  He named the species Tetracotylus coryphi-
cephala.  Monticelli did not designate a type-species, but Braun
(1900) and Hall (1910) consider the above species to be the
type of the genus. Braun concluded that the genus Tefra-
cotylus was a synonym of Ichthyotenia,
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As pointed out by La Rue (1911) and Meggitt (1914), the
name Yetracotyle had previously been used by Filippi in 1855
for g group of immature trematodes. La Rue accordingly,
in 1911, proposed the name Monticellia instead of Tetracotylus,
and he pointed out that in the type-species, viz., M. cory-
phicephala (Monticelli, 1801), the testes, vitellaria, and uterus
were situated in the cortex, and the worm therefore could
not belong to his (La Rue's) family Proteocephalidze, in which
the genitalia were situated in the medulla. He therefore
erected a new family, viz. Monticellide, for it.

In 1914 he ascribed the following characters, amongst others,
to the genera noted below :—

Proteocephalus Weinland, 1858. No folds of tissue encircling
base of head or enfolding suckers ; testes in a single field.

Corallobothrium Fritsch, 1886. Many irregular folds and
lappets, which may enclose suckers as a corolla.

Crepidobothrium  Monticelli, 1899. Posterior margin of
sucker interrupted and re-entrant; fifth sucker present.
Testes in two lateral fields.

Acanthotenia Linstow, 1903. No fold of tissue on lappets.
No rostellum, but a vestigial fifth sucker. Cuticle of head
and part of body covered with minute spines.

Ophiotenia La Rue, 1911, Suckers without lappets; no
-rostellum, but fifth vestigial sucker present. Testes in two
lateral fields.

Choanoscolex La Rue, 1911.  Folds of tissue partly covering
suckers,

The following genera have since been placed in the two
families Proteocephalide and Monticellid®, viz. :—

(1) Proteacephalus Weinland, 1858 =Ichthyolenia Linnberg,
1894 ; (2) Marsypocephalus Wedl, 1861 ; (3) ComIIMnunt
Fritsch, 1886 ; (4) Crepidobothrium Monticelli, 18993 (9) Acan-
thotenia Linstow, 1903 ; (6) Ophiolenia La Rue, 1911
(7) Choanoscolex La Rue, 1911 ; (8) Monticellia La Rue, 1911 ;
(9) Ophidoteenia Beddard, 1913 ; (10) Solenotania Beddard,
1913; (11) Rudolphiclla Fuhrmann, 1916; (12) Goezeella
Fuhrmann, 1916 ; (13) Batrachotenia Rudin, 1917 ; (14) Gange-
sia Woodland, 1924,

Fuhrmann and Baer (1925) accept and emend La Rue’s
family Monticellidee, placing in it the following genera :—

(1) Ephedrocephalus Diesing, 1850=Rudolphiella Fuhrmann,
1916. Scolex glohose, with folds of encireling tissue. Testes
dorsal and lateral, situated in the cortical parenchyma.
Uterus and part of the ovary situated in the medullary
parenchyma : vitellaria situated ventrally and in the cortical
parenchyma. Type-species i—Ephedrocephalus microcephalus
Diesing, 1850,
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(2) Monticellic La Rue, 1911. Scolex globose, without
folds of encircling tissue. Testes dorsal, situated in the cortical
parenchyma. Vitellaria ventral and lateral, uterus ventral ;
both situated in the cortical parenchyms., Cvary partly
in the cortical and partly in the medullary parenchyma.
Type-species :—Monticellia coryphicephale (Monticelli, 1891).

(3) Goezeella Fuhrmann, 1916. Scolex globoge, with folds
of encircling tissye. Testes dorsal, sitvated in the cortical
parenchyma. Vitellaria. and uterus ventral, situated in the
cortical parenchyma. Ovary almost entirély in the cortical
parenchyma. Type species i—Goezeclla siluri Fuhrmann, 1916.

SOEITELLA

Fig. 204.—Dingrams of the mternal anatomy of the genera of the Monti-
cellide us compared with the genus Profeocephalus, ‘The limits.
of the meduallary and cortieal parenchyma wre indicatod by
simple line. The testes aro lightly dotted und the vitelaria
hoavily dotted. The oyary is represented with small circles and
the uterns s an oblong sac.  (After Fubvmunn and Baer, in
|

(4) Lannbergia Fuhrmann & Baer, 1925. Scolex giohose,
without folds of encircling tissue. Testes in a single dorsal
field, situated in the vortical parenchyma. Cvary, vterus, and
vitellaria situated entirely in the medullary "pavenchyma.
Type-species :—Linnbergia  tanganyike Fuhrmann & Baer,
1925,

These authors did not discuss the family Preteocephalide
La Rue, 1011. Fig. 204 represents the positions occupied

.

>
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by the genital organs in the above four genera and also n
the genus Proteocephalus Weinland, 1858.

Woodland (1925,a & b) discusses at great length the characters
on which the genera are based and the two families Monticellida
and Proteocephalidee established. He does not accept La
Rue's family Monticellidze, and of the numerous genera
described he retaing only four, thus :—

(1) Proteocephrlus Weinland, 1858= Ichthyotenia Linnberg,
1894, Synonyms :—Crepidobotirium Monticelli, 1889 ; Acan-
thoteenia Linstow, 1903 ; Choanoscolex La Rue, 1911 Ophio-
tenia La Rue, 1911 ; Ophidotenia Beddard, 1913 : Soleno-
tenia Beddard, 1913; Corollobothrium Fritsch, 1886 and
apparently Batrachotenia Rudin, 1917.

(2) Marsypocephalus Wedl, 1861.

(8) Monticellia La Rue, 1911. Synonym :—Goezeella Fuhr-
mann, 1916.

4 (4) Rudolphiella Fuhrmany, 1916,

He defined these genera as follows :—

(1) Protcocephalus Weinland, 1858. With all the repro-
ductive organs situated either in the medullary region of the
parenchyma (where this is distinguishable from the cort.ex)
or in the undivided parenchyma (when the internal longitudinal
muscle sheath is absent). Vitellaria lateral, follicular, the
follicles being closely grouped about a central conducting
tubule. In fresh-water fishes, amphibians, and reptiles.
Pype-species i—Proteocephalus filicollis Rudolphi, 1802=F.
ambiguus (Dujardin, 1845). :

(2) Marsypocephalus Wedl, 1861. With testes situated in
the dorsal cortex in a single field ; all other organs medullary.
Vitellaria and all other organs as in Proteocephalus.  1n
?guridae. Type-species :—Marsypocephalus. rectangulus Wed],

61.

(3) Monticellia La Rie, 1911. With the * testes, vitellaria
and uterus entirely outside the inner longitudinal muscle
sheath. Vitellaria composed of scattered follicles which form
broad lateral fields,”” mostly ventral in position. Testes
in a single broad dorsal field between vitellaria. = Uterus
ventral, with many lateral pouches.” Ovary situated dorsally
largely outside the longitudinal muscle sheath. Found in
Siluride.  Type-species - Monticellia coryphicephala Monti-
celli, 1891,

(4) Rudolphiclle Fuhrmann, 1916. With the testes and
vitellaria in the cortex, i.e., outside the inner longitudinal
muscle sheath.  Vitellaria form broad lateral fields, ventro-
lateral in position. Testes lic in a single broad dorsal field
between vitellaria. Uterus in the medulla and ventral in
position, with many lateral pouches, Ovary gituated dorsally,

4
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with small projections from the lobes penetrating the upper

part of the internal longitudinal muscle sheath. Found in

?islgridm. Ty pe-species :—Rudolphiella lobosa (Riggenbach,
6).

He emphasized the fact that those species of proteocephalid
cestodes in which the testes are situated in the cortex fall
into four groups, viz. :—

(1) Proteocephalus type, in which all the genital organs are
situated in the medulla. (2) Marsypocephalus type, in which
only the testes are in the cortex ; all the other genital organs
being situated in the medulla. (3) Monticellia type, in _thh
the testes, uterus, ovary, and vitelline glands are all in the
cortex. (4) Rudolphiella type, in which the testes and vitelline
glands only are in the cortex, the other genital organs being
entirely or almost entirely situated in the medulla (fig. 205).
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Fig. 205.~Dingrams illustrating the principal modes of disposition of the
genital organs relative to the internal longitudinal muscle sheath
in Proteocephalide, (After Woodland, in ¢ Parasitology.”) The
limits of the medullary and cortical parenchyma are indicated by
o heavy ling, The testes nro represented by cireles and the
vitellarin by dots. The ovary is represented by heavy dots and
the uterus az an oblong sac.

It will be seen that both Woodland (1925) and Fuhrmann and
Baer (1925) agree with regard to the Proteocephalus type-
Limnbergia Fuhrmann & Baer, 1925, falls into Woodland’s
Marsypocephalus group ; Fuhrmann and Baer's Ephedroce-
Phalus only differs from Woodland's Rudolphiella in that in the
former the ovary invades slightly the cortical parenchyma,
Both Woodland (1925) and Fuhrmann and Baer (1925) agree
with regard to Monticellia; whilst Fuhrmann and Baers
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Goezeella only differs from their Monticellia in that the
invasion of the ovary into the cortex is more complete. The
distinction between Fuhrmann’s Goezeells and La Rue's
Monticellia is not and cannot be defined; consequently
Goezeella must be regarded as identical with Monticellia.

The following table summarizes the points of difference
between the genera :—

Proteocephalus. Limnberygia. Epledrocephatus. Monticollia. Goezeslla.

Testes .. In medulla. In cortex. In cortex. In cortex. In cortex.
Dorsal, Dorsalund lateral, Dorsal. Dorsal.
Ovary .. In mednlla. In medulla. Partly in cortex, Partly in Almost
partly in me- cortox, _wholly in

dulla. Dorsal. partly in cortex.
medulla,  Dorsal.

Dorsal.
Vitelline In medualla. In mednlia. In cortex. In cortex. In cortex.
glands, Latoral. Ventral. Ventral, Yentral,
Utorus... In medulla. In medulla. In medulla. In cortex. In cortex.

Ventral. Ventral.

Woodland recognized two main groups of species within the
genus Proteocephalus as defined by him, viz. :—(1) those of
fresh-water teleostean fishes comprising forms with a small
head, total absence of hooks and spines, testes in one con-
tinuous field, and in which the vagina always opens anterior
to the cirrus. For this subgenus Woodland suggested the
name 7Teleostolrnia, since Ichthyolenia is, in his opinion,
inadmissible. (2) Those typically found in ophidia and in &
less degree in siluroids, amphibians, and chelonians, comprising
those forms in which the scolex is large or small ; rostellum
present or absent ; apical organ present or absent: spines
usually absent; testes usually to some extent, or entirely,
in two lateral fields: and with the vagina and ecirrus apertures
irregularly alternating as to which is anterior. For this large
group or subgenus he suggested the name Crepidobothrium.

Seven genera have been erected on characters of the scolex,
viz., the six described by La Rue (1924, vide supra) and Gangesia
Woodland, 1925. These scolex characters include the presence
or absence of spines, folds, and notched suckers. It is true
that in some of these genera other morphological characters
have also been utilized, such, for instance, as the fact that in
some genera the testes are in two lateral fields, whilst in other

enera they are in a single field.

Woodland (1925) concluded that * scolex characters cannot
be utilized for the definition of genera cither by themselves
or in conjunction with other characters, since in very many
cases species which are most unlike as regards their strobila
possess similar scoleces, and wice versa, many forms similar
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to each other in proglottid anatomy possess widely different
scoleces.” He also drew attention to the fact that within
the genus deanthotenia, in which the scolex is armed, the
testes in some species are in two lateral fields, whilst in others
they are in a single field. These two types are united into one
genus owing to the fact that the head and the anterior part
of the strobila are covered with minute spines,

1t remains to be seen whether this scheme will prove satis-
factory or not. The determination of the genera will necessitate
sectioning both mature and gravid segments, and the latier
are not always available. It is most probable that numerous
cases will avise in which there is no division into medullary and
cortical parenchyma or it is ill defined. and even where such
a distinction does exist, portions of the genitalia on which a
determination depends may lie partly in one and partly in the
other, as, in fact, they do i Fuhrmann and Baer's two genera
Ephedrocephalus and Monticellia. Further, in gravid segments
the muscular system generally atrophies, in which event it
may not be possible to deterniine the position occupied by the
uterus and, perhaps, the vitelline gland. This scheme of
classification, whilst appearing simple and satisfactory, may
therefore become as impracticable in application as that
which it aims at superseding.

Meggitt (1927) called attention to the ** confusion at present
existing in the families Monticellide La Rue, 1911 ,and Ichthyo-
teniide Ariola, 1809." He did not accept La Rue's family
name Proteocephalide, on the ground that as the genus,
Ichthyotania Lonnberg, 1894, has precedence over Profeo-
cephalus.  Weinland, 1858, w0 the family Ichthyoteniide
Ariola, 1899, has precedence over Proteocephalide  La
Rue, 1911. After discussing at great length the morpho-
logical characters of the various genera in these two families,
he asserts that the conclusions drawn by Woodland with
regard to the varying position of the essentia] genital organs
are too sweeping, and also that the characters of the scolex
in these various genern, disregarded by Woodland, are of
considerable importance. He adopts Fuhrmann and Baer's
classification of the family Monticellide, but includes in it
the genus Marsypocephalus Wedl, 1861.

He notes that the following genera. have heen placed in
the family Ichthyoteniide Ariola, 1899.

(1) Corallobothrium  Fritsch, 1866 - (2) Crepidobothrium,
Monticelli, 1889. (Synonyms i—Ophiofenic La Rue, 1911 :
Ophidotenia, Beddard. 1913 : Solenoteenia Beddard, 1913.)
(3) Ichthyotenia Linnberg, 1804 - (4) Acanthotenia Linstow,

1903 : (5) Choanoscolex La Rue, 1911 : (6)  Batrachotenia

Rudin, 1917 ; (7) Gangesia Woodland, 1025,

. .
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He classifies the family as follows :—

Ichthyoteniidae Ariola, 1899.

Tetraphyllidea.—Scolex simple or with posterior lobed
collar, with four entire sessile suckers ; if armed, only with small
cuticular spines. A terminal organ present or absent. Genital
pores marginal, alternating. Vitellaria lateral, follicular.
Ovary bilobed, posterior. Uterus with median stem and
broad, closely-packed lateral outgrowths. - Adults in fish,
amphibians, reptiles, and mammals. TLarval stages, plerocer-
coid, with or without terminal invagination ; in Entomostraca
and (%) Turbellaria. Type-genus :—Ichthyotenia Lonnberg,
1894,

Genus (1) Ichthyotenia Linnberg, 1894, (Synonyms :—
Acanthotenia Linstow, 1903 : Batrachotenia Rudin, 1917 ;
Choanoscolex La, Rue, 1911.) Scolex with or without apical
organ of various shapes, but never with a rostellum armed
with hooks. Testes in a single field. Vagina usually anterior
to cirrus sac, occasionally posterior, never alternating, usually
‘with a weak sphincter. Adults in fish. Type-species :—
Tehthyotenia perca: (Mueller, 1780).

Genus (2) Corallobothrium Fritsch, 1886, Scolex with lobed
and folded collar posterior to and partially obscuring the four
suckers. External segmentation distinct. Genital ducts pass
between longitudinal excretory vessels and ventral to the nerve.
Testes in medullary parenchyma, numerous, in a single dorsal
layer, but laterally to the uterus in several layers, filling the
whole medulla. Ovary in medullary parenchyma, dorsal,
slightly lobed. Adults in fish. Type-species .-—Corallobothrium

solidum Fritsch, 1886,

Genus (3) Crepidobothrium Monticelli, 1900. Secolex with
or without apical organ of various shapes, never with a rostel-
lum armed with hooks. Surface of scolex and suckers some-
times covered with fine spines. Testes in two lateral fml_ds,
with an occasional tendency to coalesce anteriorly. Vagina
anterior or posterior to cirrus sac, usually with a well-
developed sphineter. Type-species :—Crepidobothrium  ger-
rardi Baird, 1860,

1t will thus be evident that the classification of the species
meluded in Woodland's conception of the family Proteo-
cephalid® is a matter of great difficulty, and one on W hich no
two authors agree. The writer accepts Woodland's classifica-
tion except so far as the genus Proteocephalus 1= con-
cerned; but the genus Gengesie is retained, “The former
contains the greater bulk of the species, and is consequently
large and unwiel(l_\-, There appears to he no reason \\'l'l): any
stable character (if such exists) should not be used for dividing
the genus merely as a matter of convenience. Such characters

L
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are very limited in number, especially in view of the fact that
the genitalia are confined to the medullary parenchyma.
The features which have been considered in this connection
are the following, and it will be noted how variable they are:—

(1) Whether the testes are in a double or a single field.
Species are known in which it is difficult to determine whether
the testes are in a single or a double field, as, for instance, in
segments where, posteriorly, they are in two fields, whilst
in the anterior part of it they extend right across it. It
will thus be evident that, whilst the extreme or definite
cases are easily recognizable, the intermediate types would be
difficult to classify unless a third and separate genus was
erected for their accommodation. But in any case it is abun-
dantly clear that the types merge into each other by almost
imperceptible gradations which defy the ingenuity of man to
classify, For these reasons the writer is of opinion that the
distribution of the testes is of specific value only, and offers
no satisfactory grounds on which to erect genera.

(2) Meggitt notes that * the course of the genital ducts
with reference to the longitudinal excretory canals appears to
have heen entirely ignored by authors... It is possible
that this character when stated for every species may assist
the separation of genera.”

(3) There appears to be no valid reason against using
characters of the head for the distinction of genera. Such
features are used not only for the classification of the four
main orders of cestodes, but also for the identification of genera
such as, for instance, Davaines, Dipylidium, Tenia, etc.;
and also it can be said that the only character common to
the various species included in the family Anoplocephalida
is the fact that the head is unarmed. In Crepidobothrium
Monticelli, 1899, the posterior margins of the suckers are
interrupted and re-entrant into the sucker cavity. The
isolation into one genus of species showing such a character
i8 not more artificial than the separation of those species into
one genus which possess a rostellum armed with rose-thorn-
shaped hooks. Again, in Woodland’s genus Gangesia a very
definite rostellum is present bearing hooks, and this fact is
sufficiently striking, in the opinion of the writer, to warrant
the retention of the genus.

(4) In the genus Corallobothrium folds of tissue occur which

artly cover the suckers. Unfortunately, as pointed out by

‘codland, the genera Goezeells Fuhrmann, 1916, and
Rudolphiella . Fuhrmann, 1916, have similar folds on the
head ; but anatomically the three genera differ among
themselves profoundly in that in the two latter portions of
the genital organs lie in the cortical parenchyma, whilst in the
former the entire genital organs are situated in the medulla,
If these forms are classified on characters of the head,
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then they are all alike, and the name of the genus should be
Corallobothrium Fritsch, 1886. If, however, we classify them
on anatomical details, then the three genera are entirely
distinet. Tt will thus be clear that the presence of lappets,
etc., on the head cannot here be used alone as a generic
character.

(5) The genus Acanthotenia Linstow, 1903, is characterized,
amongst other things, by the fact that the cuticle of the scolex
and anterior part of the body is covered with minute
spines. It would appear that such a feature is sufficiently
distinctive to warrant the retention of Linstow’s genus Acan-
thoteenia, but it has been found that other worms differing
widely from species of Acanthoteenia also have scoleces armed
with minute spines. Thus in the two species of Gongesia
described by Woodland the head not only bears an armed
rostellum, but is also covered with spines. The presence or
absence of spines on the head cannot therefore be regarded
as of more than specific value.

It is admitted at once that the above distinctions are purely
artificial. but all systems of classification, on whatever cha-
racters they are based, are the same, the difference being
merely one of degree.

Magath (1929) is of opinion that “ it does not seem wise at
this time to accept Woodland’s (1925) sweeping revision of
the Proteocephalids, although there is argument in favour of
it.”  The writer, however, adopts Woodland’s classification,
except that the genus Gangesia is retained on the ground that
the presence of an armed rostellum is a character sufficiently
striking and pronounced adequately to characterize and
diagnose the genus.

The superfamily Proteocephaloidea is characterized as
follows :—

Head unarmed or armed with minute spines and with four
sessile suckers devoid of areol® or accessory suckers. An apical
organ is frequently present, and oceasionally a distinet muscular
rostellum. Vitellaria lateral, follicular, the follicles usually
heing closely grouped about a central duct when in the medulla,
but when situated in the cortex spread out over a relatively
broad lateral area. Ovaty bilobed and posterior. Uterus
with lateral diverticula and one or more median ventral
uterine openings. Vitellaria, testes, ovary, and uterus usually
within the inner longitudinal muscle sheath, puz mn certain
genera one or more of these organs may be situated in the
cortex. Habitat :—Intestines of fresh-water fish, amphibians,
and reptiles.
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Family PROTEOCEPHALIDA La Rue, 1911.

With the characters of the Superfamily.
Type-genus :—Proteocephalus Weinland, 1858.

Key to Genera.

Head withouta rostullam .. ....oooioov PROTEOCEPHALUS, p. 908,
Head with an armed rostellum. .. ....... (FANGESIA, P 382,

Genus . PROTEOCEPHALUS Weinland, 1858,
Synonymy extensive, as indicated above.

Scolex without rostellum ; all reproductive organs situated
either in the medullary region of the parenchyma (where this
is distinguishable from the cortex) or in the undivided paren-
chyma (when the internal longitudinal muscle sheath is absent).
Vitellaria lateral, follicular, the follicles being closely gtou{})ed.
about a ventral conducting tubule. In fresh-water sh,
amphibians, and reptiles.

Type-species :—~Proteacephalus filicollis (Rudolphi, 1802)=
Proteocephalus ambiguus (Dujardin, 1845) Weinland, 1858.

In the present state of our knowledge it is not possible to
give a key to the Indian species of this genus.

(1) Proteocephalus shipleyi (Linstow, 1903).  (Fig. 206.)
Synonym i—dAcanthotenia shipleyi Linsto, 1903.
From Varanwus (Hydrosawrus) salvator, Horana, Ceylon 2
Willey.
The worm was described from a single specimen which
measured about 1:38 in length and 40 y in breadth. Segmen-

Fig. 206, — Proteocophatis shipleys, A, head, showing spinnles ; B, mature
sogment, magnification unknown. (After Shiplay.)

tation of the strobila was not evident anteriorly, and only
indicated posteriorly by the position of the genital organs.
All the segments were broader than long: the genital pores
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were irregularly alternate and situated in the centre of the
lateral margin of the proglottis. The scolex measured 240 o
in length and 180 g in breadth; the rostellum was 120 [ in
length, 100 i in breadth, and unarmed ; the cuticle of the
scolex and of the body for a distance of 160  was beset with
thickly-set fine bristles. There are about 50 testes in each
segment. The cirrus sac is curved with the convexity anterior,
and the organ opens behind the vagina. The ovary is bilobed
and the vitelline giand is round. The eggs are not known.

(2) Proteocephalus punicus (Cholodkovsky, 1908) Hall, 1910,
(Figs. 207, 208, & 209.)
Synonyms :— Tenia punica Cholodkoysky, 1908.
Opliotenia punica (Cholodkoveky, 1908) La Rue,

1911]. :
Crepidobothrivm puniowm (Cholodkovsky, 1008) La

Rue, 1911,

 From the Malayan palm-civet (Paradorurus hermaphroditus),

 Zoological Gardens, Caleutta,  Soauthwell.
Probably the true host of this species is a snake. Cholod-
- kovski obtained the type-species from a dog. Southwell and
Adler (1923) recorded the worm from Causus rhombeatus,
..Frbatmm, Sierra Leone, this being the fitst record of the

_parasite from a snake,

- The worm attains a length of 30 em. and a breadth of 4 mm.
". It is composed of a large number of proglottides, the superficial
segmentation not being distinet.  The posterior ones are
.

Y

m. 207.— Prateocepha! ug pnnicns,  Moture segment, % 85,
d (After Southwell and Adler.)

longer than broad ; the genital pores are irregularly alternate
y M:girre situated near the middle of the lateral margin of the
segment, The head is almost square and has a diameter of
~about I:5;mm. The suckers have a breadth of about 700 p.
~ The museulature gonsists of a series of (1) small subeuticular
fibres, situated immediately beneath the cuticle; (2) a double
Jayer of longitudinal museles which are not strongly developed ;
e (3) a few diagonal fibres; and (4) circular muscles which are
very seanty.
There are two water vessels on each side, the ventral being
YOL. 1. 2=

-
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much larger than the dorsal. A single nerve runs laterally
to the water vessels, The parenchyma is strongly developed.
The testes are confined to the lateral fields in front of the
ovary and median to the vitellaria, There are from 170 to
230 in each segment ; they are oval in shape, their long axes
being horizontal. The cirrus pouch first becomes evident
about 15 mm. behind the head ; it lies anteriorly or posteriorly
to the vagina and extends beyond the vitellaria, being up to

Fig. 208, —Proteocephalus punicus. Gravid segment, X 35,
(After Southwell and Adler.)

670 p in length. The cirrus is spiny and is continuous with an
internal seminal vesicle, which latter occupies about two-
thirds of the cirrus sac. The vas deferens lying outside the
sac is coiled. .
_The ovary is long and narrow and is not bilobed; it is
situated posteriorly. The vagina lies ecither anteriorly or
posteriorly to the cirrus sac; it runs almost straight towards

Fig. 209.—l'roteocephalus punica. E; 733
(After Southwell and Adlery <~ O

the middle of the segment and then furns o

vitellaria are lateral, and consist of small mi&fﬁ,ﬂogggsug;
about 30 to 36 u in diameter. The uterus s g straight tube
running antero-posteriorly ; in mature segments it has from
eight to twelve lateral pouches on each side. There is a small
shell gland situated immediately behind the middle of the
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ovary. In transverse sections of segments in which the uterus
was gravid no uterine pores were seen. The eggs are 30 u in
diameter, and in appearance resemble those of Hymenolepis
nana. The oncosphere is from 13 to 15 u in diameter. The
embryophore has a thickness of about 3 p.

(3) Proteocephalus naim (Beddard, 1913). (Fig. 210.)
Synonym ;:—Ophidotania naie Beddard, 1913,
- From Naia tripudians, United Provinces, India. Woodland,
1925.
The worms measure up to 10 em. in length and have a
maximum breadth of about 2-5 mm. The posterior segments
are longer than broad. The genital pores are irregularly

.-"{
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Fig. 210.-~Proteocephaluy naiw. A, head, X875 ; B, mature sogment, X 12;
C. gravid segment, X 12, (After Woodland.)

alternate and are situated at the middle, or a little anteriorly
to the middle, of the lateral margin of the segment. The neck
measures from 35 to 6 mm. in length. The scolex is from
153 to 210 w in length by 248 to 303 p in breadth ; there is no
rostellum (apical organ) and cuticular spines are absent, The
suckers are protrusile and are borne on the lobe of the scolex.
2582 :
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Male Genitalia. There are about 120 testes, situated in two
quite lateral fields. The cirrus sac extends across about a
quarter of the breadth of the segment and measures, wh(:n
fully developed, from 498 to 531 x in length by 83 to 107 pin
breadth, but it varies in size within wide limits: the cirrus
is unarmed. The sac is sometimes posterior and sometimes
anterior to the vagina,

Female Genitalia. The ovary is posterior, consisting of two
lobes connected by an isthmus ; the vagina is slightly dilated
near its opening, The vitelline glands are arranged in a narrow
antero-posterior strand along each margin of the segment. The
shell gland lies posteriorly to the ovarian isthmus. The uterus
consists of a median stem with from 16 to 25 lateral divertieula
on each side. The median sac of the uterus opens by a number
of pores on the ventral surface of the strobila. The egg
measures about 26 i and the contained embryo 9 to 11 &
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Fig. 211,— Protescephatusg mannigi, Horizontal seet;

g ; on of mat en
magnification unknown, (After Fubrisay kI RIS

L and Baer.)

(4) Proteocephalus monnigi { Fubrmann, 1924), (Fig. 211.)
Synonym :—Ophictenia monnigi Fubirmann, 1994 L]

From an unidentified snake, Burma, Meggitt
The worm attains a length of about 5 I, ;m(i a maximum
breadth of 1.8 mm. As in other species of this genus, the
segmentation of the strobila is indistinet.  Qpavid segments
measure ahout 2-5 mm. in length and about 1.6 mm. in breadth.

The genital pores are irregularly alternate and situated near
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the middle of the lateral margin; each pore opens into a
rather deep genital atrinm.

Muscular System. Transverse and dorso-ventral fibres are
extremely scarce, the muscular system consisting principally
of longitudinal fibres disposed in & more or less circular fayer,

FBacretory System. There is a dorsal and ventral vessel
running along each lateral margin of the worm, the ventral
being much Iarger than the dorsal and lying directly
underneath it

Nervous System. On each lateral margin of the worm there
are three nerves, viz., 8 main nerve and two small accessory
nerves, one dorsal and the other ventral to the large nerve.

Male Genitalia. There arve from 50 to 70 testes, disposed in
two clearly separated lateral fields. The vas deferens is very
coiled and at places greatly dilated,*probably functioning as
a vesicula seminalis. The cirrus sac is small, measuring only
200 by 100 . An internal vesicula seminalis is absent, but
the vas deferens within the sac is sometimes distended. The
cirrus is large and muscular.

Female Genitalia, The ovary consists of a narrow transverse
band situated extremely close to the posterior margin of the
segment and passing laterally to the excretory vessels. The
vagina lies anteriorly to the cirrus sac, and a small sphincter
muscle is present. A receptaculum seminis is absent. The
vitelline glands are in two lateral bands lying just internally
to the longitudinal nerves. The uterus consists of a median
stem with from 50 to 57 diverticula on each side, cach one of
which, however, is not single but double, and sometimes treble.

" Uterine pores are absent. The egg measures 30 w in diameter
and the embryo 13 .

(5) Proteocephalus nilotica (Beddard, 1913). (lig. 212.)
Kynonytus i~ Tehthyolenia nilotica Beddard, 1913,
1 Ich(l;:v/n.!mniu nifotica Southwell, 1H1,
Acanthotenia birot Southwall, 1922,
Proteocephedus boddardi Woodland, 1925,

From Varanus bengalensis, Orissa, India. Southwell. United
Provinees, India. Woodland,

" The worm varies in length from 4 to 8 cm. and has a breadth
of 800 . The posterior segments may be nine times longer
than broad. The genital apertures are irregularly alternate
and are sitnated about the middle of the lateral margin of
the segment. The scolex measures about 212 4 in !ength'z{nd
259  in breadth ; it is covered with cuticular spines which
extend over the neck, and consist of a rostellum and a four-
lobed base, each lobe carrying a sucker. o

Male Genitalia, There ave from 60 to 80 testes, which in some
segments are in two fields, whilst in others they are in & single



374 PROTEOCEPHALID .

uniform field. The cirrus sac is about a quarter the breadth

of the segment, but when the worm is extended it may reach
It measures about 128 v in length by 51 p

halfway across.

in breadth, The cirrus is armed with spines. The cirrus

lies dorsally and apparently in front of the vagina.
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Fig. 212. — Proteccephalus nilotica, A, head, X 116; B, mature segment,
% 52; O, gravid segment, X23. (After Woodland.)

Female Genitalia. The ovary is posterior and bilobed, each
half being eomposed of elongated follicles. As usual, the
vitellaria consist of an antero-posterior strand along each
lateral margin. Near the pore the vagina is enlarged to the
size of the cirrus sac ; it sometimes shows a dilatation mid-
way between its opening and the ovary. The nterus is a

sac
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central stem with apparently from 15 to 20 lateral diverticula
on each side ; uterine eggs measure about 14 by 19 p.

Southwell in 1916 recorded the occurrence of Ichthyotenia
nilotica Beddard, 1913, from Varanus bengalensis, and there
can be no doubt that Woodland’s P. beddardi is the same
WOIT. :

The points on which Woodland erected his species are of
such a minor character that it is difficult to believe that the
two ‘so-called species are different, in spite of the fact that
one was obtained from an African and the other from an
Indian monitor. There are numerous instances of species
having a wide zoo-geographical distribution.
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Fig. 213.— 'robeacophalus tigrinus. A, mature segment, X 35; B, transverse
section of mature segment, X 50: C, gravid segment, X 24.
(After Woodland, in ¢ Parasitology.’)

(6) Proteocephalus tigrinus Woodland, 1925, (Fig. 213.)

From Rana tigrina, United Provinees, India. Woodland.

The worm measures from 3 to 4 cm. in length, w:lth & maxi-
mum breadth of about 1:39 mm. The more posterior segments
are longer than broad; the genital pores are irregularly
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‘.
alternate, and are situated gt the middle of the lateral margin
of the proglottid. The scolex measures about 146 1 in length by
233 pin breadth ; it does not bearspines. There is a terminal
a,pu:-ul sucker. The neck measures about 2 mm. in length,

'1}11: muscular system is poorly developed, and an inner longi-
tudinal layer is-entirely absent: the medulla and cortical
parenchyma are thus indistinguishable. There are a few
dorsg-ventral fibres and a distinet subeuticular layer of
longitudinal muscles. "

Male Genitalia. There are from 70 to 110 testes situated
anteriorly to the ovary, dorsally to the uterus. and in a single
figld. The eirrus sac is usunally posterior to the vagina, but
sometimes the reverse is the case ; it measures about 200 p
in length by 50 2 in breadth, and extends over about one-fifth
the breadth of the segment. The cirrus is unarmed. “

Female Getiitalia. The ovary is posterior and bilobed ; the

vagina, oviduoct, and shell ;,rlm'xd all lie dorsally to the ovarian

isthmus. The vagina is dilated in the vieinity of the cirrus
sac and a sphincter muscle is present. The vitelline gland
consists of a lateral antero-posterior strip on each side. The
uterus is & wide eéntral stem, its posterior part being ventral
to the ovary, with from 15 to 20 diverticula on each side

extending to the vitellaria. The size of the egg is not known,
but the embryo measures 11 p.

(7) Eroteocephalus rite Verma, 19260 (Fig. 214.)
Synony i :—Proteocephalus vitaii, Verma, 1926.

From Rita rila, vivers of Northern India. Verma.
The worm attains a length of from 756 to 125 em. and a
maximum breadth of about 3 mm. It is composed of from

600 to 1000 segments, The posterior ones are longer than

broad ; the genital pores are irregularly alternate and situated
near the middle of the lateral margin of the proglottides.
The scolex attains a length of 144 p and @ breadth of 224 p.
Both the head and the suckers are unarmed and spines are
alzo absent. The necl measures from 5 to 10 mm,

Muscular System. Tmmediately beneath the cuticle there is
a layer of musele fibres, internal to which there is a sub-
cuticular longitudinal layer. More internally still there are
weli-developed longitudinal muscles. ;

The excretory system consists of two main longitudinal
vessels situated laterally on each side.

The principal nerves run along the lateral margins of
gl;)e body just internelly to the inner longitudinal musele

res,

Male Genitalia. There are from 150 to 200 testes : of these
from 100 to 125 are aporal, 30 to 50 poral and anterior to the‘
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vas deferens, and from 20 to 30 peral and posterior to the vas
deferens : they are all situated antsriorly to the ovary. The
vas deferens in & mature proglottid commences as a coiled
tube near the middle. The cirrus sac extends over one-sixth
the breadth of the proglottid and measures from 128 to 192 p.

Female Genitalia. The ovary is bilobed and granunlar ; each
lobe is made up of numerous elongated follicles, but in the
posterior segments it becomes pear-shaped. The shell gland

-

o sg.

Fig. 218 I sotsoceplinlus rite. Partly gravid segment. x 25
(After Verma.)

lies immediately behind the ovarian isthmus, Near the pore

K the vagina is slightly dilated and runs parailel and untunorl:\'

" to the vas deferens, Neor the middle line of the segment it

¥ crosses the latter organ. The vitelline glands consist of

numerous acini forming two lateral bandss The uterus

bears from 8 to 12 diverticula on each side. "The uterine egg
Jmeasures 16 g and the oncosphere 10 p.

.
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(8) Proteocephalus woodlandi Moghe, 1926. (Fig. 215.)

From Calotes versicolor, Nagpur, Central Provinces, India.
Moghe.

The length of the worm is not known. but fragments measur-
ing 3-1, 2:8, and 2-4 ¢m. were obtained. The genital pores are
irregularly alternate and are situated behind the middle of
the lateral margin of the segment. The scolex has a breadth
_ of 525 p and bears at its apex a fifth sucker ; the cuticle of
the scolex and of the anterior part of the worm is covered with
minute spines, The largest segment has a breadth of 1:66 mm.

Male Genitalia. There are from 90 to 130 testes distributed,
in mature segments, mostly in the two lateral fields ; the
central area, however, is not entirely free. There are
none posterior to the ovary. The vas deferens 1s a stout,
loosely-coiled tube situated dorsal to the excretory vessel.
The oirrus sac measures 156 to 170 u by 115 to 130p. It is
sometimes anterior and sometimes posterior to the vagina, and
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Fig, 215.— Proteocephalus woodlandi. A, mature segment, % 30 ; B, partly
gravid segment, X 30. (After Moghe, in * Parasitology.')

does not extend beyond the longitudinal excretory vessels.
The ecirrus is unarmed. 3

Female Genitalia. The ovary is situated at the extreme
posterior margin of the segment and consists of two hranching
masses united by an ovarian bridge : it occupies more than
half the width of the proglottid, and the poral is slightly
larger than the aporal lobe. The vitelline glands extend the
length of the segment along each lateral margin : they are.
situated in the cortex. The vagina varies considerably in
size and appearance ; close to the pore it jz broad and
muscular: in the inter-ovarian space there is gometimes a
thin-walled dilatation: near the ovarian bridge it occasionally
enlarges into a small curved veceptaculum seminis. The
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oviduct surrounds the shell gland. The uterus when fully
developed consists of a central stem with from 10 to 12
diverticula on each side. The eggs measure 20 by 16 p.

(9) Proteocephalus fima (Meggitt, 1927). (Iig. 216.)
Synonym :— Crepidobothrivam fima Megpritt, 1927,

From Rhabdophis stolatus, Burma. Meggitt.

The length of the worm is not known, but it attains a maxi-
mum breadth of 1 mm. The gravid proglottides are much
longer than broad, and the genital pores are situated a little
in front of the centre of the margin of the segment. The
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Fig. 216.— Proteocephalus fima. Nearly gravid segment, X 330.
(After Meggitt.)

genital ducts pass between the longitudinal excretory vessels.
The scolex has a diameter of about 200 ;. and is not armed ;
apical organ absent.

There are from 68 to 89 testes, of which from 33 to 54 are
aporal and from 30 to 40 poral, i. €., they are clearly separated
into two lateral bands. The vagina may be either anterior
or posterior to the cirrus sac, but it is usually anterior, and does
not cross it. The uterus bears from 27 to 33 diverticula on
each side.
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(10) Proteocephalus fixus ( Meggitt, 1927). (Fig. 217.)
Svaonym — Crepidohothirivm five Mezyitt, 1927,

Erom Rhabdophis stolaius, Burma. Meggitt.

The worm attains a length of 5 cm. and a maximum breadth
of 1'5 mm. Gravid segments are longer than broad, the
genital pores being situated in the centre of the lateral margin
of the segment, hut in grovid ones in the anterior third.
The genital ducts pass between the longitudinal excretory
vessels. The seolex is unknown. There are from 71 to 94

Fii. 217, - Pooleochphalus fions.  Mutare segment, x 380,
(After Meggitt.) .

testes, of which 40 to 50 are aporal and 31 to 50 poral, They
are disposed in two clearly separated lateral fislds. The

vagina as in P. fima. The gravid uterus bears from 20 to 24
diverticula on each side,

(11) Proteccephalus vitellavis (Vermm, 1928).  (Fig. 218.)
- Synonym :—Jehthyoteenia ritellaris Verma, 1428,

From Bagarius yarrelli (= Pimelodus bagarius), Allahabad,
India, Verma.

The worm attains a length of at least 25 em. and a maximum
breadth of about 2-3 mom. It is composed of at Jeast 700
Proglottides ; the genital pores are irregularly alternate and
situated near the middle of the lateral margin of the segment.
The genital ducts pass botween the iongitudinal exerctory
Vessels,

Muscular System. The longitudinal museles consist of an
indistinet external subeiitionlar and o thick internal layer;
Within the latter is a thin layer of circular museles. Dorso-
ventral fibres traverse the parenchyma.
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The excretory system consists of the usual dorsal and ventral
longitudinal trunks, all of the same size, on each side.

Male Genitalia. There are from 250 to 275 testes in a con-
tinuous dorsal field. The cirrus sac measures 250 by 140 g, and
extends from one-fifth to one-sixth the width of the segment.
The cirrus is unarmed, and lies posterior to the vagina. The

*  uterus has five diverticula on each side. The vitelline glands
* are L-shaped and lateral.

vd v

Fig. 218,—Proteocephalus vifellaris. Mature sogments, X 32,
- (After Verma.)

SPECIES INQUIRENDE.
12) Proteocephalus sp. (Southwell, 1922},
P
Synonym :i— Opliotania sp. Southwell, 1922,

From Bungarus ceruleus, Zoological Gardens, Calcutta,
India. Southwell.
Two immature worms without heads, each measuring about

1:5 em. in length and 4 mm. in breadth, have been obtained
from the above host. .

Their identity is indeterminable.

(13) Proteocephalus sp. (Megmitt, 1926).
Synonym :— _Aeanthotenia sp. Meggitt, 1920,

From Bungarus fasciatus, Rangoon, Burma. Meggitt.

Meggitt (1926) recorded this undetermined larval species
from the above host.

(14) Proteocephalus sp. (Meggitt, 1927).
Synonym :— Crepidobotioium sp. Meggitt, 1927,
From Oligadon purpurescens, Burma. Meggitt. .
Meggitt records from this host a single immature specimen
which, owing to the absence of genital organg, could not be
identified. It measured 1:2 mm. in length and 270 p in breadth.

The scolex had a diameter of 250 p and an apical organ was
- absent.
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Genus II. GANGESIA Woodland, 1925.

In this genus the scolex bears a rostellum armed with hooks.
Type-species :—Gangesia bengalensis (Southwell, 1913).

Key to Species.

1. Hooks all of same size ... ..uovivesrinn.. 22
Hooks of different sizes ......,......... G. macrones, p. 382.

2. Hooks 80 to 44 pin length .. ............ G. bengalensis, p. 382.
Hooks 52 to 60y in length .............. G. pseudentropit, p. 384,

(1) Gangesia bengalensis (Southwell, 1913). (Fig. 219.)

Synonyms :— Ophryocotyle bengalensis Southwell, 1918,
Gangesia wallago Woodland, 1924,
Gangesia agraensis Verma, 1928,

From (1) Ophiocephalus striatus, Labeo rohita, and Wallago
atlu, Bengal, India. Southwell. (2) Wallago attu, Rivers
Ganges and Jumna, Allahabad, United Provinces, India.
Woodland ; Verma.

The worm attains a length of about 7 cm. and a maximum
breadth of about 1-8 mm. ; usually, however, it is less than
half this size. It consists of from 100 to 200 segments, all of
which are broader than long except a few of the more posterior
ones. The genital pores are irregularly alternate and situated
anteriorly to the middle of the lateral margin of the segment ;
no uterine pores have been discovered. The scolex measures.
from 166 to 232 1 in length and from 298 to 488 y in breadth ;
the anterior two-thirds of the margin of the suckers is armed
with numerous spines each measuring about 7y in length.
A distinct rostellum is present, and bears from 28 to 42
hooks arranged in a single row, each hook measuring from
30 to 44 p in length.

Male Genitalia. There are over 100 testes in one continuous
field several layers deep in the medulla, and situated anteriorly
to the ovary and between the lateral vitellaria. The cirrus sac
normally extends one-third the distance across the segment
and measures about 230 x in length ; it is sometimes anterior
and sometimes posterior to the vagina.

Female Genitalia. The ovary is posterior and bilobed, the
two halves being joined by an isthmus. The uterus bears
from 20 to 28 lateral diverticula on each side, The egg
measures from 92 to 99 u and the hookless embryo from 18
to 22 .

(2) Gangesia macrones Woodland, 1924, (Fig. 220.)

From Macrones seenghala. Rivers Ganges and J umna, Allah-
abad, United Provinces, India. Woodland.
he worms measure from about 28 to 5-6 cm. in length and




GANGESIA. 3 383

have a maximum breadth of about 1 mm. They are composed
of from 150 to 200 proglottides. The genital pores are irregu-
larly alternate and are situated anteriorly to the middle of
the lateral margin of the segment. No uterine pores have been
discovered. The scolex measures about 110 p in length and
194 p in breadth. It bears a conspicuous, spherical, muscular
rostellum having a diameter of 110 y, and bearing on its upper

Fig. 219,—Gangesia bengalensis. A, entire worm,abont X 30: B, head, X100;
Q, hooks, magnification unknown. (After Sounthwell.)

half about 33 hooks arranged in a single complete ring ; the
hooks are of two kinds, large and small; which alternate with
each other; the larger measure from 11 to 14:6 u, the
smaller being about half this size. The upper two-thirds
of the margins of the suckers bear numerous minute spines,
There is no neck.
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There are over 100 testes arranged in one continuous field
anteriorly to the ovary and between the vitelline glands. The
cirrus sac usually opens anteriorly to the vagina, but the reverse
may be the case. The sac extends from one-sixth to one-
quarter the breadth of the. proglottis, and it contains a few

(=N

Fig. 220.—Gangesia macronsa, A, head. X 120; B, rostallar hooks, % 350 ;
C, mature segment, X 12; D, partly gravid segment, X 12:
E, gravid segment, X 12, (After Woodland, in ¢ Parasitology.’)

coils of the vas deferens. The ovary is bilobed, the lobes
being connected by a Very thinisthmus. The vagina sometimes
joins the odtype from the right side and sometimes from the
left. The uterus consists of a central stem with from 200
to 30 lateral diverticula on each side.

(3) Gangesia pseudeutropii Verma, 1928, (Fig, 221,
Synonym :—Gungesia pseudotropit' Vorma, 1928

From Pscudeutropins garua (=S8ilurus garuag), Allahabad,
(Ganges and Jumna). Verma. 4

The worm attaing a length of from 2 to 4 em. and a maximum
breadth of 1 mm. It contains from 20 to 40 proglottides, the
posterior ones being much longer than broad, The genital .
pores are situated behind the middle of the lateral margin of
the segment, The neck and strobila are covered with minute
8pines.
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Muscular System. This consists of an outer band of longi-
tudinal muscles oceupying the entire subcuticular area, the
inner longitudinal layer consisting of a slender band of scat-
tered fibres. The circular muscles are weakly developed. The
ventral excretory vessels are larger than the dorsal ones. The
scolex measures about 190 p in length and 240 p in breadth.
The rostellum bears an apical organ armed with from 17 to 20
hooks, each of which has a length of from 52 to 60 p. .

Male Genitalia. There are from 100 to 160 testes arranged in
two lateral fields and situated in front of the ovary. The cirrus
sac measures from 225 to 260 u by 65 to 100 p; it passes

B.

Fig. 221, —Gangesia peendeutropis. A, head, X260;
B, rostellar hooks, X500. (After Verma.)

between the dorsal and ventral excretory vessels ; the vas
deferens, on leaving the sac, becomes much coiled.

Female Genitalia. The ovary is bilobed and situated pos-
teriorly. The ovejector is well developed and measures 60 p.
The vitelline glands consist of a longitudinal lateral band on
each side of the segment, not extending anteriorly to the genital
pore, but the aporal is slightly longer than the poral
band. The uterus bears from 30 to'40 lateral diverticula on
each side. The egg measures about 35 p and the embryo 13 p.
Verma states that the latter develops a bladder having a
diameter of about 160 x and also a neck whilst still in’ the
detached gravid segment in the rectum of the hoa;.cI

YOL, L.
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@tobatidis  (Adelobo-
thrinm), 330.
w®tobatidis  (Cephalo-
bothrium), 299,
wetobatidis  (Staurobo-
thrium), 350.
wtobatidis  (Tentacu-
laria), 113,
wtobatidis (Zelrarhyn-
chus), 113,
wmtobatidis  (Tyloce-
phalum), 328,
agraenis  (Gangesin),

Amabiliide, 39.
Amphicotylida, 30.
Amphilina, 46,
Amphilinides, 38, 43, 46,
Ancistrocephnlus, 64, 65,
annandalei (Tetrarhyn-
chus), 109,
Anoploeephalidas, 39,
Aﬂ(fanobaﬂarium. 342,
Anthobothrinm, 179,
Anthocephalum, 179,
Anthocephalus, 150,
Aphanobothrinwm, 306,
Aporhynchus, 79, 80.

Balanobothrium, 206,
335,

balistidis (Tetrarhyn-
chus), 97.

bﬂlli {Otobothrium),
163, 166,

beddardi  (Proteoce-
phalus), 373.

ben 3leuais (Gangesia),

bonguicnsio (Ophryoco-

tyle),
bifurcatus (Bothrio-
cephalus), 238,

binunca (Tentacularia),
122,

binuncum  (Rhyncho-
bothrium), 122,

biroi  (Acanthot@nia),

373,
blakei (Phyllobothrium),
208

Bothridium, 68.

Bothriocephaloidea, 89,
50, 52.

Bothriocephalus, 67, 209,

bovis (Cysticercus), 25.

brevicolle (2 Anthoboth-
rium laciniatum var.),
299.

brevissime (Acanthobo-
thrium), 247,

Qalliobothrinm, 234,
260.

Calycobothrium, 2U6,
348

cancellatum  (Echenei-
bothrium), 211, 233,

cancellatum  ( Khine-
bothrinm), 223,

carcharidis (Tentacu-
laria), 119.

carchardis (Zetrarhyn-
chus), 119.

Carpobothrium, 179, 229,

Caryophyllmus, 44,

Caryophyllide, 38, 43.

cellulose  (Cysticercus),
25.

Cephalobothrium, 296,

Cercooystis, 26.

corobralis (Ceenurus), 26.

cervinum  (Platyboth-
rium), 271,

Ceatoda, 38.

Cezgodariu. 38, 40, 41,

ceylonicum' (P Antho-
bothrium), 212.
ceylonicum  (Eckenei-
bothrium), 215, 217.
ceylonicum  (Rhine-
bothrium), 181, 184,
ceylonicus  (Tetrarhyn-
chus), 91.
chiloscyllii  (Carpobe-
thrium), 229.
cobraforme (Discobo-
thrium), 396,
colbraformis  (Hornellp-
bothrium), 356,
Ct;nomorpbidt. 39, 78,
9

Carnomorphus, 78, 79.
Canurus, 26.
compactum  (Phyllo-
bothrium), 181, 185,
corollata ( Tenia), 238.
corollatum  (Caliiobo-
thrium), 238,
coronatum (Acantho-
bothrium), 238,
coronafum (Acantho-
bothrium), 247, 252,
coronatum  (Calliobo-
thrium), 235,
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coronatum (Onehobo-
thritm), 238,

coronaius  (Bothrioce-
pha{“?' 238.

cmgu‘ m (Anthobothrinm),
195, )

crispum  (Thysanoce-
phalum), 280,
Crossobothyium, 179,
Cryptocystis, 26.
Cyelobothrinm, 348,
Cyclophyllidea, T, 39.
Cysticercoid, 26,
Cysticercus, 26,

dagnalli (Phylloboth-
rium), 180, 200.

Dayaineids, 39, i

dccbigiens (Dibothrinm)

Ding;mnbothrium. 39.
Diggtbrioceplmlidn:, 39,

Dibothriocephalinm, §4.

Dibothriocophaloiden, 39,
40, 50, 62,

Digglhrigeephnlu.l, 54,

g)ibo!bn'um. 67.
ierama (Tylocephalum),
306, 35{-"' 5 ;
Dilepididm, 39.
Dipfylloboll:rium. o4,
dipsacum (Otobothrium),
163, 165.
Dircobothrium, 355,
Discocophalum, 39.
Dithyridiam, 25,
ditrema (Prodicelia), 58.
dujardini  (Aenntho-
lllothrium), 238, 247,
digardinii (Prostheco-
hothrinm), 247,
Duthiersia, 60.
dysbiotos (ﬁ'am'a). 238,

Echeneibothrium, 179,
09

209.
echeneis  (Bothrioce-
phalue), 215.
Kehinobothrinm, 3%,
Echinococcus, 27.
Echinophallidms, 34
elegans (Duthiersin),

elegans  (Onchoboth-
rium), 263.
clongam (? Gymmnorhyn-
. chus), 162.
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elongatus
342, 344,

Eniochobothrium, 353.

equidentatus (Tetrarhyn-
chus), 86.

erinacens { Telrarkyn-
chus), 160.

eschrichti (Calliobo-
thrium), 260, 263.

eschrichtit  (Acantho-
bothrium), 263,

Eucestoda, 38, 40, 50.

exrpansa ( Duthiersis), 60.

(Paratenia),

farmeri ( Calliobothriumt),
235

fnnnc;-i (Onchobo-
thrium), 235.

felis ( Dibothriocephalus),
8

ﬁlicoile (Synbothrium),
152.

Silicolle (Syndesmaobo-
thrium), 152,

fima (Crepidobothrinm),
a79.

fima  (Proteocephalus),
379

379.
firnhrinta (Duthiersia), 60,
Jiza  (Crepidobothrium),

fixus (Proteocephalus),
380,
flexile  (Echeneibo-

thrinm), 211, 218,
floxile  (REinebothrinm),
21

218.
Roraformis (Anthobo-
thrium), 198,
floriforme  (Phyllobo-
thrium), 180, 198,
foliatum  (Phyllobo-
thrium), 180, 190,
frafqﬂa ( Synbothriun),
)

fragile  (Syndesmobo-
%ﬁum). 152

igeri (Camurus), 26
amohothriidae, 295,
Gangesin, 368, 382,
gangetica (Pentacularin),
1.

nqetious (Tetrarhyn-
'Wafm). l.l'ls

igantenm  (Anthobo-

mgt;n'um). 18:]. Tobe
anteum (Phyllobo-

Eil:.hrium), 180, 186.

gigas (Gymnorbynebus),
152

gigm;-i.\‘colz.r), 152.
gigas ( Vaullegeardia),
- 152.

globicephalum  (Pedi-
botbrium), 276.

gracile  (Eniochobo-
thrium), 354, °
grandis  (Solenophorus),

,Gym;xc)rlnynclxuu, 78, 7Y,
150.
Gyrocotylidm, 38, 43.

Haplobothriide, 39, 78,

B0,
Haplobothrium, 78, 79,
kemulowi (Synbothrivm),
152

herdmani  (Acantho-
bothrium), 238, 280,
herdmani  (Tetearhyn-
chus), B7.
heteracanthuwm (Ptlero-
bothrium), 152.
histiophorus (Bothrio-
cephalus}, B9,
Hornellobothrium, 355.
horridus  {(Gymnorhyn-
chus), 152,
Hydatigera, 25.
Hymenolepididwe, 39.
4 hatsoni ( adihothrium ),
276,282, %
butsont  (Phylloho-
throides), 2

ijjimai  (Acanthiobo-
thrium), 238, 252

ilisha (RAynchobothrius),
125,

ilisha (Tentacnlaria), 128,

tncognita ( Tenia), 252.

indicus (Caryophylleus,
41

insigne  (Otobothrinm),
165,

inxignia  {Feheneibo-

_ thrium), 218, 219,

intestinalis (Liguls), 6.3.

Javanioym (Behenoibo-
_ thrium), 223, 224

Javanicum  (1iarabo-
thrium), 212, 213.

Jjohnstonei(Tentacularia),
131.
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kerkhami  (Phyllobo-
throides), 279.

kuhls (Tylocephalum),
al11, 3816,

Kystocephalus, $06.

lacinjatum (? Anthobo-
thrium), 229,

laciniatum (Rhynchobo-
thrinm), 124,

Inctuca  (Phyllobo-
thrium), 180, 181.
{aticeps  (Bothridium),

58,
Lecanicophalide, 389,
200, 297.
Lecanicephaloiden, 39,
40, 204.
Lecnnioeyhulum, 296,
207,
leucomelana (Tentacu-
Inria), 1

Lewoomelanus ( Tetrarkyn-
chus), 120,
Liguols, 63.

Ligulinme, 62.

linstowi  (Otobothrium),
163, 164,

lintoni &Phyﬂobo!hrium),
180, 197.

lintoni  (Spongioho-
thrium), 197,

longicollis (T Tetrarhyn-
chus), 120,

longispina  (Tentacu-
laria), g

longispine  (Pedibo-
thrium), 276, 279,

Iominc (Fkyncho-

rinm), 105.

{ndificans ~ (Tyloce-

gl)slum), 311, 317,

TLytocestus, 43.

mochei (Tontacularia),
139

macracanthum (Acantho-
bothrium), 238, 256,

macrocephala  (Tenta-
cularia), 103,

* macrocephalus  (Tetra-
rloyngus), 108,

" mucrones (Gangesin),

maeropora (Tentacu-
laria), 108,
rus  ( Tetrarkyn-
chus), 109,

ALPHABETIOAL INDEX,

macrourns  (Anthoce-
phatus), 152,

maculatus (Bothrioce-
phalus), i,

magna  (Amphilina),
46,

mngr;n (Gigantolinaj,
46,

magmum  (Otobothrium},
164,

mallewm (Synbothrium),
160,

malleus. (Gymnorbyn-
chus), 152, 160.

mandleyi (Uncibilocu-
laris), 265, 269.

marsupiwm  ( Tylocepha-
tumr), 330,

matheri  (Tetrarhyn-
chus), 92, 95.

megalocephalus  (Soleno-
phorus), H8.

Mesocestoididag, 30,

michize  (Tentaculnria),
155,

mierosomum (FPhyllobo-
thrium), 180, 205,

minimum  (Echeneibo-
thrium), 211, 212.

mivimus  (Tetrarhyn-
chus), 97.

minus  (Tylocephalum),

minuta  (Tentacularia),
101,

minutom (Phyllobo-
thrium), 180, 194,

minutum  (Tylocephu-
lum), 3006, 325,

ménnigi  ( Ophiofania),
372, :

monnigi  (Proteocephu-
lus), 472 3

Monacerous, 26.

mylicbatidis (Rhoptrobo-
thrium), 225, 228,

Myzocephaius, 288,

llyt%phyllobothrium,
179,

naige ( Ophiotania), 371,
naie  (Proteccephalus),

narinari (Myzocephalus),
289, 202

Nematotaniide, 39.

nilatica  (lchthyotenia),
373,

niloticus  (Proteccepha-
lus), 5735,

. .
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obes: (Tentavalaria), 135.

Onchobothria, 234.

Onchobothrii, 234.

Onchobothriidee, 59, 175,
234,

Onchobothrium, 234, 235.

Otobothrium, 78, 79, 165.

pmnmicrum  (Phylobos
thriun), 207.

panjadi (Phyllobo-
thrium), 180, 195.

papilligerum  (Onchobo-
thrinm), 247,

pz\rngmmsorn (Amphi-
lina), 49,

paragonopora (Gephyro-
lina), 49.

Paratania, 342,
rthenogenetica
(Ilisha), 170,

porva (Yorkeria), 286.

parvum  (Balanobo-
thrium), 345, 339,

pearsoni  (Tetrarhyn-

chus), 96.
Pedibothrium, 234, 276,
peltatum  (I#eanicepha-

Tutn), 297.
peridermus (Tetrarhyn-

chus), 83.
Phyllacanthizns, 234,
Phyllacanthina, 234,
Phyllohothria, 179,
Phyilobethriens, Vb, 179,
Phyllobotliriciden, — J9,

40, 173, 170, 179, 276.
Phyllobothrinm, 179,
Phyllchothroides, 276,
Pirstocysis, 25.
pillersi  (Tentacularia),

143,

Pillorsia, 39.
pionee  (Tentacularin),

136,
pinnm ( Tetrarhynchus),
136.
pithonis  (Bothridium),

68,
Pithophorus, 179, 231.
Platybothrium, 234, 2717

plat

p)eurontcﬁt (Bcolex), .

e {Bothriocepl
teafws  (Bothriocepha-
?‘_lus). 64,
rolyalrclls, 26.

pol&ﬂ?b“‘ (Scolex),



390

Polyonchobothrium, 64.

Polypocephalide, 295.

Polyeocopbnlus, 206,
J42,

polypteri (Ancistrocephn-
lus), 65.

Proteocephalidwe, 39, 357,
367.

Proteacephaloides, 39,
40, 357, 367,
Proteocephalus, 368.
Psgudaplaylh’dca, 7,39, 50,
2

pseudeuntropii (Gangesia),
2, 384. £

Pterobothrinm, 150.

l’lyghobolbriidm. 39,
66.

ulcher  (Polypocepha-

g lus), 342(. 345?0 2

pulvinatum (Anthobo-
thrinm), 200.

punica (Ophiotenia), 369,

punica (T{am’a). 369,

punicum  (Crepidobo-
thrium), 369.

punicus  (Proteocepha-
lug), 369,

pycnomerus  (Bothrio-
cephalus), 67.

radiatus  (Polypocepha-
lus), 342, o

rait (? Gymnorhynchus),
152, 4 %

raje-batis (Tenia), 288,
ranarum  (Dibothrio-
cophalus), 57.
ranarum (Ligula), 57.
Reditania, 25,

reptans  (Dibothrio-
cephalus), 56,
reptans  (Gymnorhyn-

chus), A:52. 168
reptans (Sparganum), H6.
Ifbineboehﬁu'r;ag. 179, 209.
Rhoptrobothrinm, 225,

rhynchobatidis  (Tenta-
cularin), 115, 117
thynchobatidis  ( ZTetra-

rhynchus), 115.
ritw  (Proteocephalus),
376,

Fitaii (Proteocephalus),
376

roagi ('Il’&_vncbolaolﬁrf“m)-,
126,

rossi (Teutacularia), 126,
rubromaculata  (Tenta-
cularia), 146,
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rubromaculatus
;}zynckm), HGi

rubrum (Myzophyllo-
bothrium), 225,

ruficollis (Tetrarhynchus),
103.

rugosum  (Anthobo.
thrium), 186, 187.

(Zetra-

semnovesiculum (Acantho-
bothrium), 247,

serinlis (Cenurus), 26,

shipleyi (Acanthotenia),
4368

shipleyi
;.luf)' Rhinebothrium)

shipleyi tnebothrium),
9 y'z&a.

2,

(Proteocepha-

shipleyi  (Tetearhyn-
olhus‘., 89.
simplex  (Foheneibo-

Chrivm), 187, 190,
225,

Solenophorus, b8,

Sparganum, 62.

Species  (dcanthotania),
15

" (Dothridium),
60,

v ( Crepridoio-
thrium), 381,
A inguirendame,
U7, 146, 207,
225, 328.
7 Ophiotenia),
et

, (Proteocopha-
lus), 381,

43 (Bhynchobo-
thrius), 189,

S (Tentacularia),
142,

o (Tetrarhyn-
chus), 99, 168,
Spiniloculus, 234,
spinuiifera  (Platybo-
thrium), 271, 274,
spinulifera  (Tentncu-
laria), 124,

spinuliferus  (Tetra-
rhynchus), 124,
spiracornuta  (Pentacu-

larin), 137. (Bhimat
spiracornutus neho-

botkrius), 137, 4
Staurobothrium, 350,
Strobilocerous, 25,
Synhothrinm, 150,
Syndesmobothrivm, 150,

Teniidas, 39,
tenax (Balanobothrium),
335,

Tentacularia, 78, 79, 101.
Tentaculariids, 78.
Tetmbothriids(chQ.
tetraglobum ygmato-
b':ghn'um), 232.””‘
tetraglobus  (Pitho-
phorus), 232,
Tetragonocephalum, 306.
Tétraphylles, 175.
Tetraphyllidea, 7, 39,
173, 175.
Teu;rbynchidm, 78, 79,
82,
Tetrarhynchoiden, 39,40,
71, 7g, 74,
Tetrarhynchus, 78, 79,
82

Thysanobothrium,’ 342,
343,

Thysanocephalum, 234,
J88

thysanacephalum (Phyllo-
bothrium), 289,

thysanocephalum  (Thy-
sanocephalum), 289,

Tinrakothrium, 200.

tigrinus  (Proteoceplia-
lus), 375,

tortum ( Onchobothrim),
238

translucens (Kystocepha-
» Ill?, 320.
translucens (Tylocepha-
lum), 306, 320.
Trimnophoride, 39, 64,
trifidum  (Echeneibo-
thrium), 211, 225.
trygonis  (Hcheneibo-
thrium), 212, 213.
irygonis  (Prosthecobo-
thyium), 265.
irygonis (Tetragono-
cephalum), 807.
trygonis (Tylocephalum ),
307

trygonis  (Uncibiloen-
Taris), 265.

7"ypanorliyuclm, Bk I

tomidulum  (Echenei-
bothrium), 211, 215,

fumidulus (Bothriocepha-
fus), 215,

tumidum  (Phyllobo-
thrinm), 180, 199.

Tylocephulom, 296,
306,
typicum  (Calycobo-

thrium), 348,



icum ( Cyclobothrinm)
ty% 8. 3

unrnak (Tylocephalum),
narnakense (Thysanos
boMﬂ'um?. 342, 344,
Uncibilocularis, 234,
235.
uncinatum (Acantho-
bothrium), 238, 243,
uncinatum ( Onehobo-
thriwm), 243,
unionifactor (Tenta-
cularia), 148,
unionifactor  (7etra~
rhynchus), 148,

ALPHABETICAL INDEX,

.unionifaclor (Zetrarhyn-

chus), 811,
urogymni (Prostheco-
hothrium), 238, 242,

variabile (Oﬁllulow
thrium), 299, 304.

variabile (Echeneibo-
thrium), 215,

varisbile (Phyllobo-
thrium), 180, 187,'225.

variabile (Spongiobo-
thrium), 187,

verticillatum  (Callio-
bothriam), 260,

verticillatum  (Oncho-
botkrium), 260.

391

verticillatum  (Zetrabo-
thrium), 260.

verticillatus (Bothrio-
cephalus), 260,

vitellaris (Zohthyotania),
380

vitellaris (Proteocepha-
lus), 380,

walga  (Echeneibo-
thrium), 218.

wallago (Gangesia), 482,

woodlandi (Proteocepha-
lus), 878,

yorkei (Tylocephalum),
306, 325.
Yorkeria, 234, 285.
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