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AUTHOR’S PREFACE.

TaE present volume, dealing with Sporozoa, follows tho same
plan as the author’s volume on Ciliophora, published two years
ago. The group Sporozoa includes numerous organisms,
all of which are parasitic in hosts belonging to a number
of different phyla of the Animal Kingdom. Several of these
organisms are responsible for producing disease in man and
domestic animals, and consequently come within the ken of
the medical and veterinary workers : but there are numerous
others which parasitize animals such as earthworms, poly-
chates, crustaceans, insects, myriopods, arachnids, molluses,
fishes, amphibians, reptiles, birds, ete., and, though causing
damage to various tissues of the host, are on the whole tolerated
by them. To the student of Protozoa all are equally interesting,
and it is his province to study them as animals, and name and
classify them. The medical and veterinary workers will
find in this volume the correct zoological position and nomen-
clature of the pathogenic organisms they study. With
regard to the nomenclature, the synonyms recorded under
each species will serve to indicate the extent to which opinion
has in the past varied with regard to the systematic position
of the particular organisms. In a few cases the reader may
feel disposed to differ from me, but in such cases he will find
the argument or the authorities on which I have relied
clearly stated, and if, after considering them, the reader still
differs, he is welcome to do so. ‘

The most approved and up-to-date system of classification
has been followed, and in the ldentification Tables of Families
I have included those families which are at present not known



vi AUTHORS’ PREFACE.

from India. The 320 species described in this volume are
but a small fraction of the total known from other parts of
the world. All the species that are as yet known from India,
Burma, and Ceylon have been brought together, but a large
number still await discovery. The geographical distribution
of the parasites usually follows that of their hosts. Lists
of Parasites and their Hosts, and of Hosts and their Parasites
have been given in the Introduction and the Appendix,
and it is hoped that these will be of use to those looking
for the parasites in particular hosts. It may be pointed out,
however, that the discovery of a parasite in a host not recorded
in the list does not mean that the organism is new to science.
It may already have bheen recorded from the same host or in
some other host in other parts of the world. Keeping this
in view, the discoverer should not rely too much on this volume,
but should carefully explore the monographs and original
papers to which the Bibliography, given at the end of the volume,
will furnish a guide. The literature on the subject of Sporozoa
is very vast, and it has been possible to give a selection only.
For the convenience of the reader the Bibliography has been
divided into a number of sections corresponding to the sub-
classes or orders, and if a reference is not found under ** Text-
books and Sporozoa in General 7 it should be looked for in
the section of the Bibliography relating to the particular
order.

The species of each genus have been arranged in alphabetical
order, except in o few cases where the species occurring in
man or some other group of hosts have been brought together.
In the synonymies, given under each species, references to
all the records from India, Burma, and Ceylon have been
included, and a  mark prefixed to all such references. A selec-
tion of other references which are considered important or
useful is also given.

In the Introduction I have given a short account of the
general organization and structure, and discussed the phylo-
geny and classification of the group. It seems obvious that
Sporozoa should preferably be divided into two classes,
viz., Sporozoa s. str. and Amoebosporidia, but the two classes
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cannot be arranged in a subphylum, as the former are evolved
from the Flagellata and the latter from the Sarcodina : so in
deference to the usage among English authors, the group is
described as a single class and is subdivided into a number
of independent subclasses. A short account of the principal
methods employed in the study of Sporozoa has also been
given.

A volume such as this is bound to incorporate very largely
the work of others, and my grateful acknowledgements are
due to all those whose works have been drawn upon, and
especially to Minchin, Wenyon, Hartmann, Reichenow, Calkins,
Hegner, and Kudo. Where available, figures have been given
for the species dealt with. A certain number of these are
taken from my own work, but a large number have been
borrowed with the kind permission of the authors or publishers
concerned. My thanks are due to the editors and publishers
of journals and text-books who have given permission to
reproduce the figures, and due acknowledgement is made in
every casc by giving the name of the author from whom the
figure has been copied.

My special thanks are due to Dr. B. Prashad, Director of
the Zoological Survey of India, for special facilities given to
me on the occasion of several visits to Calcutta to consult
the literature in the splendid library maintained by the
Zoological Survey of India; and also to Dr. S. L. Hora for
his help in getting some figures copicd under his supervision
by the artists working under him. Finally, I have to offer
my most grateful thanks to the Editor, Licut.-Colonel R. B.
Seymour Sewell, C.L.LE., F.R.S., for a thorough and critical
revision of the text, and for generous help and guidance during
the production of this work.

B. L. BHATIA.
Hotu Singh Road, Lahore,

July, 1938.
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SPOROZOA.

INTRODUCTION.

Position of Sporozoa in the Animal Kingdom.

SPoR0ZOA are a class of parasitic organisms belonging to the
phylum Prorozoa. In the Prortozoa the body usually
congists of a single undivided mass of protoplasm, and these
organisms are consequently described as unicellular or non-
cellular. In other classes of the ProTozoA the animals,
which may be free-living or parasitic, move by characteristic
organs of locomotion such as pseudopodia, flagella or cilia :
but the class SPorozoA includes organisms which are entirely
parasitic, and as a rule are incapable of free locomotion.
Some of them, when immature, move about by means of
pseudopodia, but they never possess cilia or flagella. All
are characterized by producing SPORES.

Our knowledge of the Sporozoa commenced just over
a hundred years ago. In 1826 Dufour gave the first detailed
account of an organism, which he afterwards, in 1828, named
Gregarine. He found it in the alimentary canal of several
species of COLEOPTERA, and later in the gut of the earwig.
Both he and Siebold, who investigated the genus in 1837 and
1839, failed to recognize it as a Protozoan. Schlciden, Henle,
and others recognized the unicellular nature of Gregarina,
but regarded it as an overgrown plant-cell, and it was only
as late as 1848 that Kolliker demonstrated the Protozoan
nature of the genus, described the formation of pseudonavicella,
and inferred that they represented one method of propagation,
a view that was confirmed the same year by Stein. The
complete life-cycle of a Gregarine was worked out much
later by Siedlecki (1899).

In 1839 Hake published the earliest account of u Coccidian.
He described and figured the oécysts of Eimeria stieda of the
rabbit’s liver, but did not interpret them as of parasitic origin.
Important observations on a Coccidian Wwere published by
Kloss (1855), who described the organism now known as
Klossia helicina in the renal organ of the snail. Eimer (1870)
described parasites of the gut and the liver of various animals,
including man, which have since been referred to the genera

SPOR. B
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Eimeria and Isospora. Pfeiffer (1892) was the first to describe
the theory of alternate generations, and Schaudinn and
Siedlecki (1897) showed that there are two kinds of gametes
in Coccidium, and that the macro- and microgametes conjugate
to form zygotes. Later (1898) Siedlecki published an account
of the sexual cycle of the Coccidian Aggregata, and in 1899
gave a detailed account of the entire life-history of Adelea.
This series of classical researches led up to the publication of
the description of the complete life-cycle of Coccidium schuberge
by Schaudinn (1900).

The HaMmosporIiDIA, or blood-inhabiting SPOROZOA, Were
discovered as late as the eighties of the last century. Laveran
observed the malarial parasites in the human blood in 1880,
and published a description in the following year. He observed
the amaeboid, rosette, sphere, crescent and the flagellate stages,
but did not determine the relationship of the various stages,
nor did he recognize the animal nature of the parasites. The
genus Plasmodium was instituted by Marchiafava and Celli
(1895). Further discoveries leading to the elucidation of the
complete life-cycle of the malarial parasites were made by
Metchnikoff (1887), Golgi (1889), Danilewsky (1891), Manson
(1894, 1896), MacCallum (1897, 1898), Ross (1898, 1899),
Grassi (1898), and others, and will be referred to elsewhere in
this volume. Smith and Kilborne (1893) demonstrated that
Babesia, the cause of Texas fever of cattle, was transmitted
from host to host by ticks, and were thus the first to show the
important part played by insects in the transmission of para-
sitic PROTOZOA.

We owe the term Sporozoa to Leuckart (1879), who intro-
duced it to include the GREGARINIDA and the Coccipia. The
Hzamosporinia were included later, when the study of the
complete life-cycle showed the close resemblance of various
stages with those of the Coccipia. Besides these three well
recognized groups, there are other groups of parasites, found
in Fishes, Arthropods, ete., which, on account of their forming
spores, came to be included in the Sporozoa. In a large
majority of these, known as the CNIDOSPORIDIA, the spore
contains a coiled filament inside a polar capsule. Schaudinn
(1900) divided the Sporozoa into two subclasses—(i) the
TeLOSPORIDIA, to include the GrEGARINIDA, CoccIpra, and
HaMosPoRIDIA ; and (ii) the NEosPORIDIA, to include the
CNIDOSPORIDIA, SARCOSPORIDIA, and HapLospoRiDIA. The
members of both these subclagses produce resistant spores,
but according to many authors the affinities between the two
are not sufficiently close to justify their inclusion in the same
class. Hartmann (1907) established two classes, for which
he employed Schaudinn’s names—TELosPorIDIA and NEo-
SpORIDIA. Later, Prowazek and Jollos (1922) and Hartmann
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(1923-5) designated the two classes as Sporozoa and
AM@EBOSPORIDIA, and something can be said in favour of
this system of classification. Wenyon (1926) also divided
the entire group into two classes, and named them as
SPor0z0A and CNIDOSPORIDIA, leaving the SARCOSPORIDIA and
HAPLOSPORIDIA as parasites of undetermined position.
Theoretically speaking, there is no difficulty in restricting
the term SPOR0ZOA to the original connotation which Leuckart
gave it, but in practice it would seem impossible so to restrict
it, unless a new term like SPOROGENEA is coined for a sub-
phylum to include the two classes. In view of the term
SporozoA having become fixed in its extended usage, and the
phylogeny of the two groups being altogether hypothetical,
Reichenow (1929, 1935) divided the class SPorRozZoA into four
distinct subclasses, viz., TELOSPORIDIA, CNIDOSPORIDIA,
SARCOSPORIDIA, and HapLosrorinia.  Similarly Kudo (1931)
and Calkins (1933) divide the class SPoR0OzZOA into three
subclasses, TELOSPORIDIA, CNIDOSPORIDIA, and AcCNIDO-
SPORIDIA, combining in the last the SARCosPORIDIA and HArLO-
sporiDIA. The balance of opinion at the moment does not
seem to favour the recognition of only two classes, but, if
this were done, they would be named SPoOROZOA (semsu stricto)
and AM@&EBOSPORIDIA. For practical convenience, and in
deference to general practice, [ shall follow Reichenow (1929,
1935) in dividing the class Sporozoa (sensu lato) into four
subclasses.

The phylum PROTOZOA may thus be divided as follows :—

A. Subphylum PrasmoproMA Dofloin, 1901, emended.

Movement effected by pseudopodia or flagella, and syngamy
takes place, in all known cases, by the complete fusion of gametes.

I. Class MAsTIGOPHORA Diesing, 1865.

The predominating phase flagellate, locomotion being effectod
by filamoentous whip-liko structures called flagella. The body
may be corticato or non-corticate.

I1. Class RuH1zoropA von Siebold, 1845 (=SarcopiNna Hertwig &
Lesser, 1874).
Tho predominating phase amceboid, locomotion being effocted
by temporary extensions of the body called pseudopodia.
The body is non-corticate, . e., has no tough limiting mem-
brane or cuticle.

III. Class SPorozoa Leuckart, 1879.

Exclusively parasitic forms which lack definite organs of loco-
motion. Reproduction takes place by spore-formation.

(a) 1. Subclass TrrosporiDIA Schaudinn, 1900 (=Sporozoa
sensu stricto).

Trophozoite becomes full grown before reproduction
begins ; spore simple, with one to several sporozoites
or without resistant envelope; the sporozoite a gre-
garinula ; asexual and sexual reproduction alternate

regularly.
B2
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(b) NeosporipIA Schaudinn, 1900 (=AMEBOSPORIDIA Hart-
mann).

Trophozoites may begin to form spores when still growing
or even quite young; the sporoblasts are formed by a
process of internal gemmation; the sporozoite is an
amaebula ; and the life-cycle is passed in as ingle host.
This group includes the remaining three subclasses.

2. Subclass CN1pOSPORIDIA Doflein, 1901.

Spore with polar filament which is typically coiled within
a polar capsule.

3. Subclass SARCOSPORIDIA Balbiani, 1882,

Spores crescentic, without thread capsules. Cysts forming
long rod-like masses. Parasites of striped muscles of
Vertebrates.

4. Subclass HarLosporipra Caullory & Mesnil, 1905.

Spores large, containing a single voluminous nucleus; no
thread-capsules. Type of development simple.

B. Subphylum CruiorroRrA Doflein, 1901.
Movement offectod by cilia.
IV. Class CiLiATA Perty, 1852.
Organisms boar cilia throughout life.
V. Class Sucroria Clapardde & Lachmann (=Tentaculifera Huxloy,
Acinetaria Lankester).

Ciliated in tho young stages, but lator usually attach themselves
to other objects, lose their cilia, and develop knobbed tentacles
which sorve as sucking tubes.

General Organization and Strueture.

This volume deals with the class SPor0zZoA as defined above,
and I give below a brief survey of the general organization
and structure of the organisms included in this group, so as
to give the reader a general idea of the group and to introduce
him to the principal technical terms employed in the
description of the forms.

Modes of Life—All SPorozZoA are obligatory parasites, and
there are no free-living forms among them. Parasitic forms
are also found among other classes of the Prorozoa, but
these may be regarded as free-living forms which have been
introduced casually into the body of their host and have
become adapted to a parasitic mode of life. In Sporozoa
the dependance has reached an extreme limit, and the parasites
have no existence apart from the hosts in which they are found
to occur. The transference of the parasite from one host to
another is effected by means of sPoRrEs, which may be defined
as resistant seed-like bodies, containing one or more sporozoites
or germs and protected by a firm envelope or capsule. The
spore is & contrivance to enable the parasite to withstand
the vicissitudes of the outside world until they pass again
into the body of a suitable host. Once inside the body of
the new host, the spore germinates and a fresh infection is
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started. The mode of transfer of the spores is usually con-
taminative, that is to say,the spores are ingested with the food
that has been contaminated with fices in which the spores
have been passed. In some forms, however, where the parasite
passes part of its life-cycle in the blood of one host and part
in the body of a widely different host, the sporozoite is not
enclosed within a definite membrane or cyst, and the method
of transfer is inoculative.

The method of nutrition is by osmosis only. The organism
does not possess pseudopodia, flagella or cilia for the purpose
of food-capture. Where the organism is ameeboid, its pseudo-
podia are for the purpose of increasing the extent of the body-
surface for absorption, rather than for the ingestion of solid
particles of food. The parasite may invade the cells (cytozoic),
or spaces between the cells (histozoic),or may live in the lumen |
of the alimentary canal or other cavities in the body of the host -
(caelozoic). The food material absorbed from the host will
thus be dissolved cytoplasm, tissue fluid, body fluid, or digested
food material from the alimentary canal of the host. The
SPOR0OZOA are parasitic in animals of almost every phylum
from ProToZoA to CHORDATA, and while many of them have
come to be tolerated, others are responsible for causing
deadly disease and heavy mortality among the hosts. In
accordance with their widely varied habitat, they show
manifold adaptations suiting them to the highly specialized
conditions of their existence.

Form and Structure.—The Srorozoa show a more or less
complicated life-history, consisting of various stages. The
starting point is the minute germ or sporozoite, which may have
one of two forms. In AMEBOSPORIDIA it is & minute amaoeboid
organism termed an amcebula; in the TELOSPORIDIA it is
more definite in form, being a rod-like or sickle-shaped body
(** falciform body ) which is capable of twisting or bending
movements and progresses by gliding, and is described as
a gregarinula. The sporozoite, after being set free in the body
of the new host, nourishes itself and grows, often to a relatively
large size, at the expense of the host. This is the trophic
phase, and the organism during this phase is described as the
trophozoite. The trophozoite absorbs nourishment in the
fluid state, and does not exhibit any organs of locomotion,
ingestion or digestion ; neither food-vacuoles nor contractile
vacuoles are present. The parasite has usually a fixed form
with definite contours, being limited externally by a cuticle
of greater or less thickness, and may either grow inside a host
cell or be attached to a cell of the host by a special organ of
fixation known as an epimerite. The ectoplasm is in certain
groups differentiated into three layers, known as epicyte,
sarcocyte, and myocyte, the latter being composed of myonemes
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or contractile filaments which bring about contortions of the
body. The sarcocyte may run inward as one or more septa
and thus divide the body into a number of apparent segments :
in the cephaline Gregarines (fig. 30) the body is thus seen to
consist of three segments, known respectively as the epimerite,
protomerite, and deutomerite. Sometimes the organisms may
attach themselves to each other and form clusters or linear
chains, termed syzygies. The endoplasm is usually granular,
and contains sorted-up food material in various forms. The
nucleus is usually very large, spherical, and vesicular in type,
with one or more distinct karyosomes.

Reproduction.—Like other parasites, SPOR0ZOA possess the
power of prolific multiplication as a necessary adaptation for
the maintenance of the specics. Both asexual and sexual
methods are known in all groups. Asexual reproduction may
be by binary fission (as in Babesia), by multiple fission (as in
Coccipia and HaMoSPORIDIA), or by budding, which may be
exogenous (as in MYXO0SPORIDIA) or endogenous (as in certain
Schizogregarines). The trophozoite when it is about to enter
on asexual reproduction is known as a schizont (or agamont),
the process being termed schizogony (or agamogony) and
the resulting products of division being termed merozoites.
Sexual reproduction (syngamy) is by isogamous or anisogamous
conjugation or sometimes by the fusion of sister individuals
derived by fission of the same parent cell or nucleus (autogamy).
Trophozoites which associate with one another for the purpose
of sexual reproduction are designated as sporonts or gametocytes,
which may differ from one another and are then known as
microgametocytes and macrogamctocytes, according as they give
rise to males or microgametes and females or macrogametes.

The fusion of two gametes results in the formation of
a zygote which, when actively motile and vermiform (as
in H&EMosPORIDIA), is generally known as an odkinete.
The zygote may secrete a distinct membrane round itself
and become a passive spherical body known as an odcyst.
Cellular division of the protoplasm within the oicyst gives rise
to the formation of a number of sporoblasts, each of which
" becomes surrounded by a wall, the sporocyst, and is then
known as a spore. Inside a spore are developed a smaller
or larger number of minute germs or sporozoites which are
the infective bodies, and start the cycle again. These various
stages, starting from the zygote and leading to the formation
of the spores and sporozoites, constitute sporogony. Asexual
and sexual methods of reproduction regularly alternate in the
life-cycle of the majority of forms, and complicated life-histories
result. Insuch casesschizogony takes place usually in the body
of one host and gametogony and sporogony in the body of
an animal belonging to a widely different group. The former
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is described as an intermediate host, and the latter, in which
the sexual process is perfected, as the final or definitive host.
Life-history.—The life-histories of different groups vary
a good deal, but there is always some resemblance to a common
fundamental type. The life-history of the Coceidium Eimeria
stiedz (Lindem.) (fig. 1), occurring in the liver and intestine

Fig. 1.— Life-cycle of a typical coccidium, Eimeria stiede (Lindem.).
1-5, sporogony ; 6-15, schizogony ; 17-20, gametogenesis ;
21-23, fertilization. (After Reich).

of the rabbit, may be described as typical.. The sporozoite (6)
escapes from the spore in the intestine of the host, and, gliding
like a minute Gregarine, bores its way into the epithelial
cell (7) and becomes a trophozoite (8). The latter feeds at
the expense of the cytoplasm of the host-cell and grows into
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a large spherical schizont with a vesicular nucleus containing
a large karyosome. The nucleus of the schizont divides
repeatedly until sixteen or thirty-two daughter nuclei are
produced (9, 10), and the schizont breaks up into an equal
number of merozoites (11). The merozoite may attack another
epithelial cell and undergo schizogony again, or, on entering
a fresh epithelial cell, may produce a set of only four mero-
zoites (13-15), which differ from the others in possessing
a flagellum (16). The flagellated merozoites penetrate
other epithelial cells and become either macrogametocytes
(17 @) or microgametocytes (17 b). The macrogametocyte
grows into a large oval body containing many chromatinoid
and plastinoid granules, which gather round the periphery
to form a membrane (17 a-20 «), and thus gives rise to a
single macrogamete (21). The microgametocyte becomes
large and spherical, and within it are formed a large number
of biflagellated microgametes (17 6-206). Fertilization (21)
takes place either in an epithelial cell or in the lumen of the
intestine. The resulting zygote (22, 23) passes out of the
intestine as an odcyst in the fweces (1). The protoplasm
within the obcyst contracts into a spherical mass (2), and
then divides into four spherical sporoblasts (3), which
become ovoidal (4), secrete a sporocyst, and become spores,
part of the cytoplasm not being used up in the process. Within
each spore two sporozoites develop (5), again leaving a small
amount of residual protoplasm. Kresh infection takes place
through the food becoming contaminated with feeces containing
these spores.

While the above life-history may be taken as typical,
considerable variations are met with in different groups.
In the majority of SPor0zZOA the hosts are of the same species,
and infection is brought about by eating contaminated food ;
but in many forms there is an alternation of hosts, schizogony
taking place in an animal of one group and gametogenesis and
sporogony in a host belonging to an entirely different group.
Thus in the case of Aggregata asexual reproduction takes place
in a Crustacean (crab) and sexual reproduction in a Cephalopod
(cuttle-fish). Among the HaMOSPORIDIA schizogony takes
place in the blood of a Vertebrate (man, other mammals, or
various birds), while sexual reproduction, followed by sporogony,
occurs in an Insect (mosquito). In such cases spore-capsules
are not formed, as the sporozoites are introduced directly
into the blood by the mosquito.

In the Eugregarines the asexual cycle is entirely wanting,
the sporozoite developing directly into a gametocyte. Two
individuals lie side by side, and an envelope or gametocyst is
secreted enclosing both individuals. Each individual then forms
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a large number of gametes, those from one individual fusing
with those from the other, and a corresponding number of
zygotes are formed. Within the membrane the zygotes
develop into spores, each dividing to form a definite number
of sporozoites.

Among the AM®EBOSPORIDIA (==NEOSPORIDIA) the life-cycle
is less complicated, and sexual dimorphism and change of hosts
are not met with. Reproduction takes place more or less
continuously throughout the trophic phase, the organism
ultimately becoming a huge mass of spores. Spore-formation is
also on an entirely different plan from that in the TELOsSPORIDIA,
and does not usually result from the divisions of a zygote.
The life-histories among the subclasses CNIDOSPORIDIA,
SarcosporipiA, and HarLosporipiA differ considerably, and
it is impossible to attempt a generalized account : reference
must therefore be made to the detailed accounts given under
these different subclasses. Among the ONIDosPORIDIA both
schizogony and sporogony are met with. Schizogony is
carried out by binary or multiple fission, by budding, or by the
cleavage of the multinucleated plasmodium into two or more
multinucleate parts (plasmotomy). lsogamous, anisogamous,
and autogamous reproduction have been reported in a number
of forms, and the zygote becomes the sporont, in which
one to many spores become differentiated. The spores are of
a unique structure. Kach spore possesses one to four polar
capsules, each containing a coiled polar filament, and one to
many sporoplasms. The mode of development of these spores
differs in different cases. In the orders MyXosporinia and
AcriNomyxIpIA several cells appear during the process.
These cells give rise to one or more sporoplasms or gencrative
cells, capsulogenous cells, and the spore-membrane. In
the order MicrROSPORIDIA the amoeboid sporoplasm undergoes
schizogonic multiplication, and the schizonts later become
sporonts, each producing the characteristic number of spores.

The Sarcosroripia produce long rod-like masses of spores
among the muscle-fibres, which they parasitize. The spores
are crescentic in outline and do not contain polar capsules.
Only portions of the full life-cycle are known.

The HaPLOSPORIDIA show a comparatively simple life-cycle.
The spores are spherical or ellipsoidal, with a single large
nucleus and no polar capsule. The amcebula grows, and by the
repeated division of the nucleus forms a plasmodium. The
plasmodium may divide (plasmotomy) or may produce mero-
zoites (schizogony) or form spores. The spores arise cither
from sporoblasts, each of which gives rise to a single spore,
or from pansporoblasts, which give rise to a number of
spores.
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Phylogeny and Classification.

All parasitic forms are assumed to have been evolved from
free-living ancestors. The problem naturally presents itself
as to what must have been the nature of the ancestral forms of
the SPorozoA and what is their relationship to the remaining
classes of the Prorozos. The CILIOPHORA are at once
excluded, as they are far too specialized, and the SPoR0OZOA
do not show any special relationship with them. Two rival
theories of Sporozoan ancestry have been put forward in the
past, one claiming their descent from the RH1ZoPODA, the other
from the MasTicorHORA. The Ruizorona and the MasTiGo-
PHORA are themselves linked together. Many Ruizoropa
show flugellated stages in their life-cycle, and there are many
MasTIiGOPHORA Wwhich are amocboid. Most authorities agree
with Awerinzew (1910) that an amocboflagellate type represents
the primitive stock of the ProTozoa, which gave rise to all
existing groups, becoming differentiated into RH1ZOPODA on
the one hand and MASTIGOPHORA on the other. Biitschli
(1882) was the first to advance the theory of the Fuglenoid
ancestry of SPOR0z0A, according to which a typical Flagellate
would become adapted first to a saprophytic and then to
a parasitic mode of life, and thus lose the special organs of
locomotion, nutrition, etc. As remarked by Minchin (1903),
“an Huglena or Astasia deprived in this way of flagellum,
mouth, chromatophores, stigma, and vacuoles, nutritive
or contractile, would be practically indistinguishable from
a simple Gregarine.” The cuglenoid movements of the Gre-
garines, and of the motile stages of other SPorozoA, such as
the sporozoites and merozoites of Coccipia, the free stages
of the HEMOGREGARINIDA, and the odkinetes of the Haimo-
SPORIDIA, lend support to this view, and additional support
has been furnished hy the discovery of flagellated stages in the
life-cycle in many Sporozoan forms.

The life-cycles of the AM®EBOSPORIDIA (==NEOSPORIDIA),
however, do not lend support to the above-mentioned view.
They have no Euglenoid phases, do not possess flagella at any
stage of their life, and are amaboid throughout their trophic
phase. Thus the AM®BOSPORIDIA give support to the rival
theory of Rhizopod ancestry. It was doubtless this funda-
mental difference that led Schaudinn (1900) to divide the
SPorROZOA into two subclasses, viz., TELOsPomIDIA and
Neosporipta: and led Hartmann (1907) to regard the
SPorozOA (semsu stricto) and the AM®EBOSPORIDIA as distinct
classes. Minchin (1912) expressed the opinion that from such
forms as Cercomonas arose on the one hand the RHizoropA
and their derivatives (NEOSPORIDIA) by loss of flagella and
specialization of the amceboid form in the adult, and on the
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other the MasTiGoPHORA and their derivatives (TELOSPORIDIA,
INFUSORIA) by specialization of ' the flagellar apparatus,
combined with the acquisition of a cortex and loss of ameeboid
movement. Hartmann (1923-5) and Fantham (1936) have
also discussed the philogeny of the SPoRrozoA.

Taking the TELOSPORIDIA (=SPOROZOA sensu stricto) first,
we are struck by the obvious points of difference between the
GREGARINIDA and the CocciDIOMORPHA. In the GREGARINIDA
two sporonts become enveloped in a common cyst before they
give rise to gametes, and the union of gametes takes place
within the cyst. The cyst contains many zygotes, and each
zygote gives rise to a single spore. In the CoccrploMORPHA,
on the other hand, the gamctocytes are more or less widely
separated from one another when producing the gametes ; the
female gametocyte remains undivided to form a single macro-
gamete, which is very much larger than the microgametes ;
and the zygote undergoes a process of division, giving rise to
a large number of sporoblasts and sporozoites. The common
ancestral type may be assumed to have been one in which
the trophozoites that grew into gametocytes were separated
from one another and produced their gametes separately, as
in Coccinia ; but each gametocyte produced a number of
gametes which were more or less alike, as in the GREGARINIDA.

As the GREGARINIDA came to acquire an intercellular trophic
phase, the sporonts became free and motile, and it was thus
possible for the gametocytes to associate and encyst together,
producing their gametes in close proximity. There would
be neither any difficulty for the male gametes to find the
female, nor any need for increased specialization of the gametes.
They would lose even the slight degree of specialization in-
herited from the ancestral form, with the result that they
would be similar and would be produced in equal numbers by
the two gametocytes.

The Coccibia, on the other hand, retained an intracellular
habitat for their trophozoites, and the gametocytes were
widely separated when producing the gametes. The gametes
thus had to seek each other, and this led to greater specinliza-
tion. The male gametes became very small and very motile,
and were produced in large numbers ; the female gametocyte
no longer divided into a number of gametes, but became a single
macrogamete. After fertilization the suppressed divisions
of the female gametocyte would take place in the zygote,
leading to the production of a number of sporoblasts, spores,
and sporozoites. The spore may be regarded as comparable
to the encysted zygote of the FLoGELLATA. In the suborder
ADELEIDEA, however, the gametocytes acquired the habit of
association prior to gamete formation, but this led merely
to a reduction in the number of male gametes produced.
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The HzaMosPORIDIA resemble the Coccipia very closely.
Their life-cycle can be described in identical terms and the
points of difference attributed to their becoming adapted to
parasitism upon a special kind of cell, viz., the blood-corpuscles :
the two orders are thus so closely allied that Doflein (1901)
was led to consider the two as suborders of a single order, the
CoccipiomorpHA. The HaMosPORIDIA exhibit an alternation
of generations, the asexual process or schizogony alternating
with the sexual process leading to sporogony ; but an essential
difference from the Coccipia is that there is an alteration
of hosts, schizogony taking place in the blood or internal
organs of a Vertebrate, and sporogony in the digestive tract
or other organs of an Invertebrate. Fertilization takes place
in the stomach of the Invertebrate host, which has sucked up
the gametocytes from the blood of the Vertebrate. The
zygote, instead of being a motionless body, is a motile vermicule
(ookinete), which penetrates the wall of the stomach and forms
its o6cyst, which increases in size with the growth of the zygote,
and only persists while the zygote is producing sporozoites.
The absence of spores with resistant cysts is due entirely to
the fact that the parasite is always sheltered within the body
of one or the other of its two hosts.

So far as the AMEBOSPORIDIA (= NEOSPORIDIA) are concerned,
their affinities are entirely with the Ruizoroba. The body-
form of the sporozoite and the adult is that of an amaeba,
and no flagelluted stages are known to occur. As remarked
by Minchin, *‘ the union of the TELOSPORIDIA and NEOSPORIDIA
in one class—the SPOROZOA—is a quite artificial arrangement.”’
Practical convenience and common practice alone justify
their inclusion in one class.

The AM®EBOSPORIDIA comprise the three subclasses CNIDO-
SPORIDTA, SARCOSPORIDIA, and HaPLosPORIDIA. The CNipo-
SPORIDIA are a well-defined group and are characterized by the
spores possessing the polar capsules. Laveran and Mesnil
(1899) described in the spores of Sarcocystis tenella a striated
structure representing a polar capsule, and Minchin (1912)
was led to include SARCOSPORIDIA among the CNIDOSPORIDIA.
Later authorities have shown that among the SARCOSPORIDIA
there is nothing corresponding to the polar capsule, so the
CNIDOSPORIDIA, SARCOSPORIDIA, and HAPLOSPORIDIA are best
regarded as distinet subclasses, having no affinities with one
another or with the TELOSPORIDIA.

The CN1DOSPORIDIA comprise the orders MYXOSPORIDIA,
AcTiNOMYXIDIA, and MICROSPORIDIA, to which a fourth
order has been added by Kudo (1931), under the name of
HEericosporIpia, to include a single species described by
Keilin. Dunkerly (1925). discussing the development and
relationship of the MyxospPorIDIA, pointed out that these,
like the VorvocaceEx among the Flagellates, represent an
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unsuccessful line of advance from the typical Protozoan,
not reaching, however, the Metazoan type of structure.
He discussed the origin and relationship of the spore-forming
nuclei and cells in the pansporoblast, and suggested that
physiologically the spore of a Myxosporidian is a multicellular
unit analogous to the Infusoriform embryo of the Mesozoan
Dicyema, although the MyXospPoripra exhibit Rhizopodan
relationships, while the MEsozoa are probably derived from
ciliated ancestors. Although the MryxosporipiA do not
represent a direct link between Prorozoa and METAZOA,
they seem to indicate a physiological reason for the origin of
a soma, as a protective accessory to germ-cells. There is
a well-marked alternation of generations among the C@ELEN-
TERATA, as there is among the Myxosroripia, and the occur-
rence of nematocysts in the former and the polar-capsules in
the latter is not without significance.

The Srorozoa are divided in this work into the following
subclasses, orders, and suborders :—

I. Subclass TELOSPORIDIA Schaudinn.

I. Order GREGARINIDA A. Schneider em. Doflein.
1. Suborder EUuGrREGARINARIA Doflein.

1. Legion HarrocyTa Lankester.
2. Legion SerraTA Lankester.

2. Suborder SCHIZOGREGARINARIA Léger.
II. Order Coccipia Leuckart.
1. Suborder ApELEIDEA Léger.
2. Suborder EiMeRIDEA Léger.
III. Order HzEMosPoRIDIA Danilewsky em. Doflein.
1. Suborder HEMosPorRIDIIDEA Wenyon,
2. Suborder Prrorrasmipea Wenyon.
II. Subclass CNIDOSPORIDIA Doflein.
I. Order Myxosporinia Biitschli.
II. Order AcTINOMYXIDIA Stolc.
III. Order MICROSPORIDIA Balbiani.
IV. Order HevLicosporinra Kudo.
ITI. Subclass SArcosporIDIA Balbiani.
I. Order SarcosrorIinya Babudieri.
II. Order GLoBipIA Babudieri.
IV. Subclass HaprLospPoRriDIA Caullery & Mesnil.

The further classification into families and the genera and
species dealt with will be seen from the Systematic Index.

Study of the Group in India.

Vandyke Carter (1888), Evans (1888), Hehir (1893), and
Crombie (1894) were the earliest to observe the malarial
parasites in India. It was, however, Ronald Ross (1895, 1897)
who observed certain stages of development of the malarial
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parasites in the stomach of the mosquitoes fed on the blood
of malarial patients, and later (1898) elucidated the life-cycle
of the malarial parasites of birds and their transmission by
Culex mosquitoes. In the course of his investigations between
1895 and 1899 he also noted a number of other parasites of
mosquitoes. Ross had not received any special protozoological
or entomological training, and had to coin a new terminology
for the various phases of the parasites that he observed.
Since that time India has been the field of the labours of many
workers on different groups of SPorozoa, and it will be con-
venient briefly to review their work by dealing with the various
orders one by one.

GurcaniNina—Ross (1895) was the first to describe
a Gregarine parasite from a mosquito, which he referred to as
Gregarina culicis. Guenther (1914) described a parasite from
another mosquito in Ceylon, and Mackie (1915) and Swaminath
(1923) recorded certain organisms from sandflies in Assam
and Bengal, which were later fully described by Short and
Swaminath (1927). All these organisms are now known to
belong to the genus Lankesteria.  Cornwall (1915), while study-
ing the anatomy and life-history of Lepisma saccharina (1),
described some of its Gregarine parasites, which have been
considered as new species of Gregarina in the present work.
Ghosh (1923) described some monocystids from the earth-
worms of Calcutta.

About the same time I took up the study of the monocystids
of earthworms in the Punjab, and Bhatia (1924), Bhatia and
Chatterjec (1925), and Bhatia and Setna (1926) described
quite & number of new species, belonging to the gencra Mono-
cystis, Apolocystis, Nematocystis, Stomatophora, Rhynchocystis,
and Dirhynchocystis, from the earthworms from the Punjab
and Bombay. Setna (1927) described a remarkable new
organism under the name Grayellia quadrisping from Pheretima
heterocheaeta from Bombay. Bhatia and Setna (1924) described
several cephaline Gregarines from certain Insects, including
Caulocephalus crenata from a beetle and Leidyana xylocopse
from the carpenter-bee, the latter being the first Gregarine to
be recorded from a hymenopteran host. Later Setna (1931)
described three new Gregarines, Bhatiella morphysz, Ferraria
cornucephali, and KExtremocystis dendrostom: from certain
Polychstes, ete., taken at Port Blair in the Andaman Islands.
Setna and Bhatia (1934) also described some new Gregarines
from a prawn from Bombay.

Gates (1926, 1933) gave a description of two very curious
parasites from the ccelom of certain Burmese earthworms,
Aikinetocystis singularis and Nellocystis birmanica, which have
had to be placed in a family by themselves.

Working at Calcutta, Ray initiated a series of studies on
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Sporozoa from Indian Millipedes, and Ray (1933), Ray and
Chakravarti (1933), and Chakravarti (1933, 1935, 1936) have
described Stenophora khagendrse, Stenophora ellipsoidi, Mono-
ductus lunatus, Hyalosporina cambolopsiss, and Hyalosporina
rayi. Three of these forms are placed in new families by their
authors.

Coccrnr4.—Simond in 1901 was the first to publish a series
of papers on Hemogregarines from Indian tortoises and the
gavial, and Laveran and Mesnil (1902) and Laveran and
Nattan-Larrier (1912) observed Heemogregarines in certain
other tortoises. The pioneer work on the HmmaTozoA in
Ceylon was carried out by Castellani and Willey (1904, 1905),
Robertson (1908, 1910), and Dobell (1910). James (1905),
Bentley (1905), Christophers (1905, 1906), and Patton (1908,
1909) described species of Hamogregarina and Hepatozoon
from various mammals, and the sexual cycle of Hepatozoon
canis was fully worked out by Christophers (1907, 1912).

Froilano de Mello and his colleagues, working in Portuguese
India, have published a number of papers (1915-1937) dealing
with the Haemogregarines of lizards and Toxoplasmids of
various birds. De Mello also described (1921) Adelea pache-
lebrae in a molluse.

In the family Kimeriidee many species are now known
from hosts belonging to all classes of Vertebrates. Cooper
and Gulati (1926), Cooper (1926, 1927), Sen (1932), and Ware
(1936) recorded cases of bovine Coccidiosis. Knowles and
Das-Gupta (1931, 1934) studied the Coccipia of the mon-
goose, cat, and lizard, and Das-Gupta (1934) recorded a case
of coccidial infection in man. Ray (1935 a, b) described
Wenyonella hoarei from the squirrel and Eimcria laminata
from the common toad ; and Ray and M. Das-Gupta (1935)
described Isospora wenyoni from the toad, and also (1937 a, b)
described Coccipia from a lizard and the cobra. Setna and
Bana (1935 a, b), working in Bombay, described Eimeria
harpodoni from a fish and Eimeria flaviviridis from a lizard.
They have also recorded the occurrence of Coccipra in a
number of species of marine fish.

H.amosrorinra.—As mentioned already, Vandyke Carter
(1888), Evans (1888), Hehir (1893), and Crombie (1894) were
the earliest to observe the malarial parasites in India. But it
was the memorable work of Ronald Ross (1895, 1897, 1898)
that laid the foundation of the correct understanding of the
life-cycle of the malarial parasites in man and birds. He
succeeded in establishing the fact that further development
of the human malarial parasites takes place in the body of the
dapple-winged mosquitoes that have fed on the blood of malarial
patients ; and he elucidated the completelife-cycle of the malarial
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parasites of birds and the part played in their transmission by
Culex mosquitoes. His discoveries were confirmed by Daniells
(1899, 1900), Stephens and Christophers (1903), and Christo-
phers (1904). Cornwall (1901), Donovan (1909), and Cragg and
Naidu (1918) recorded observations on the morphology of the
malarial parasites. In more recent years important contri-
butions have been made to our knowledge of the morphology
of these parasites by Acton, Curjel, and Dewey (1921), Knowles
(1923), Lal (1925), Knowles and Senior White (1927), Clark
(1927), Hehir (1927), Row (1928, 1930), Knowles, Acton,
and Das-Gupta (1929), and Knowles (1931). Sinton (1929)
has published a complete bibliography of the literature
dealing with malaria in India. Papers dealing with trans-
mission by various species of Anophelines and the seasonal
incidence of malaria include (among others) those of Stephens
and Christophers (1902), James (1903), Bentley (1911), James
and Liston (1912), J. R. & H. Adie (1913), Gill (1925), James,
Nicol, and Shute (1927), Carter and Jacocks (1929), Carter
(1930), Knowles, Senior White, and Das-Gupta (1930), King
(1931), and Iyengar (1931-4). The distribution of the various
species of malarial parasites has been dealt with by Christo-
phers and Sinton (1926), and the distribution of different
species of Anopheline carriers in important monographs by
Covell (1927, 1931).

The malarial parasites of monkeys have been studied by
Knowles (1919), Donovan (1920), Knowles and Das-Gupta
(1932, 1934), Sinton and Mulligan (1933), Sinton (1934), and
Mulligan (1935). Malarial parasites have also been described
in various other mammals, viz., by Mackie (1914) in a bat,
Sheather (1919) in the buffalo, de Mello and Paes (1923)
in the horse, de Mello and colleagues (1928) in the ant-eater,
and de Mello (1936) in the otter, and in various birds by de
Mello (1935).

Parasites belonging to the family Haemoproteida have been
described by Castellani and Willey (1904, 1905), Acton and
Knowles (1914), Alcock (1914), Adie (1915), de Mello and
colleagues (1917), de Mello and Raimundo (1934), de Mello
(1935), and de Mello and Afonso (1935).

The Piroplasmids have also been studied by a number of
workers. Lingard and Jennings (1904) were the earliest to
observe these parasites in various animals. Webb (1906)
observed them in fox-hounds and Axe (1906) in horses.
Christophers (1907) described the developmental stages of
Piroplasma canis in the tick, and Patton (1910) described
P. gibsoni from the dog and the jackal. Baldrey (1911),
Gaiger (1911), and Symons and Patton (1912) also studied
the Piroplasmids. Sinton (1921) described Nuttallia ninense
from the hedgehog, Rau (1926) and Symons (1926) studied the
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Piroplasmids from hounds, Cooper (1926) from cattle,
Krishna Iyer (1933) from goats, and Achar and Shrikantiah
from sheep. Sarwar (1935) described Piroplasma taylori
from a goat, but I (1936) have shown that this form
appears to be identical with Theileria hirci. Shortt (1936)
has re-studied the life-history of Babesia canis in the dog-
tick.

Cnrnosporipia.—Very little work has been done on the
CO~N1pospPorIDIA. The MyXospoRrIDIA have been studied by
Bosanquet (1910), Southwell (1915), Southwell and Prashad
(1918), and Ray (1933). As regards the MICROSPORIDIA,
Korke (1916) described a species of Nosema parasitic in the
dog-flea. Mrs. H. A. Adie (1922) observed certain bodies in
Cimex rotungatus in a Kala-azar infected area in Assam, and
believed them to be Leishman-Donovan bodies, but Christo-
phers (1922) and Short and Swaminath (1922) regarded the
organism as a species of Nosema, and described it as N. adies.
Iyengar (1929) and Kudo (1929) have studied the micro-
sporidian parasites of Anopheline larve.

Sarcosrorinr4—Shipley (1904) and Willey, Chalmers, and
Phillip (1904) described sarcosporidian infection in buffaloes
in Ceylon ; Chatterjee (1907) described what was probably
the same species from the heart-muscle of a cow in Calcutta.
Vasudevan (1927) described a case of sarcosporidian infection
of man in Madras. Hassan (1935) has described a new species
of Globidium from a cow.

Haprosrorinia—Minchin and Fantham (1905) described
an organism, which they named Rhinosporidium kinealyi,
from a nasal polyp, and regarded it as belonging to the Harro-
SPORIDIA, but Ashworth (1923) has shown that the organism
is a fungus. Vasudevan (1932) described a case of rhino-
sporial infection of the fore-arm of a man in Ceylon; but
IImd_true Harrosporipia have so far been described from

ndia.

DISTRIBUTION.

The geographical distribution of parasites usually follows
that of their hosts. The names of the hosts, and the localities
in which any parasite has been found, are noted after the
description of the species, and, generally speaking, the same
parasite may be expected to occur in the same species of hosts
in other localities also. The following lists of (i) parasites
and their hosts, and (ii) the hosts and their parasites, will,
it is hoped, be found useful, and indicate at a glance which
of our commoner animals still remain to be examined for their
parasites.

SPOR., o
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SPOROZOA.

(i) Lust of Parasites and their Hosts *.

Parasite.
GREGARINIDA.
Fam. MONOCYSTIDZ.
Monocystis beddardi

Monocystis bengalensis ..
Monocystis lloidi
Monocystis pheretimi . . ..
Apolocystis matthaii . . ...
Nematocystis hessei
Nematocystis lumbricoid,

Host.

Eutypheeus nicholsoni .
EButyphoeus sp. «......
Pheretima posthuma .
Pheretima posthuma .
Pheretima posthuma

Megascolex trilobatus .
Pheretima heterochzta .
Pheretima heterochata .

Nematocystis plurikaryo-
somata.
Nematocystis stephensoni .
Nematocystis vermicularis.
Fam. RHYNCHOCYSTID %.
Rhynchocystis awatis . ...
Rhynchocystis cognetti ...
Rhynchocystis mamillata .
Fam. STOMATOPHORID.ZE.

Stomatophora bulbifera ..
Stomatophora coronata . . .
Stomatophora diadema . . .

Fam. ZvGoCcYSsTID.Z.
Extremocystis dendrostomt.
Fam. AIKINETOCYSTID.E,
Aikinetocystis singularis .

Nellocystis birmanica . ...
Fam. DIPLOCYSTIDXE.
Lankesteria culicis

Lankesteria mackiet .. ...

Lankesteria tripteroidess . .

Fam. LECUDINID.ZE.

Lecudina brasilt ........
Bhatiella morphysz. .. ...
Ferraria cornucephali ...

INCERTXE SEDIS.
Dirhynchocystis globosa . .

Grayallia quadrisping. . . .

Allolobophora (Eisenia)
Sfeetida.

Futyphoeus incommodus

Pheretima barbadensis .

Pheretima elongata . . .
Allolobophora caliginosa
Pheretima elongata . . .

Pheretima elongata . . .
Pheretima barbadensis .
Pheretima barbadensis .
Pheretima posthuma

Dendrostoma signifer .

Eutyphoeus foveatus ..
Eutypheeus spinulosgus .
Eutypheeus rarus.. . ...
FButypheeus peguanus . .
Pheretima compta. . ...

Aédes (Stegomyia)
aegypti.

Aédes (Stegomyia) albo-
pictus.

Phlebotomus argentipes.

Phlebotomus papatasi .
Tripteroides dofleini. .

Lumbriconereis sp.
Morphysa sanguinea .
Morphysa sanguinea .

Eutyphoeus sp. .......
Pheretima posthuma . .
Pheretima heterochaeta .

Seat.

Seminal vesicles.
Seminal vesicles.
Seminal vesicles.
Seminal vesicles.
Seminal vesicles.
Seminal vesicles.
Seminal vesicles.
Seminal vesicles.
Seminal vesicles.

Seminal vesicles.
Seminal vesicles.

Seminal vesicles.
Seminal vesicles.
Seminal vesicles.

Seminal vosicles.
Seminal vesicles.
Seminal vosicles.
Seminal vesicles.

Ceelomic cavity.

Celomic cavity.
Ceelomic cavity.
Ceelomic cavity.
Ceelomic cavity.
Ceelomic cavity.

Stomach and Mal
pighian tubes.
Stomach and Mal

pighian tubes.
Alimentary cana
and hemoccele.
Alimentary cans
and hemoccele.
Hemoceele an
respiratory sys
tem.

Intestine.
Mid-gut.
Mid-gut.

Seminal vesicles.
Seminal vesicles.
Calomic cavity.

* For Supplementary List of Parasites and their Hosts recorded sinc
the above list was in type, see p. 374.
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Fam. STENOPHORID.E.
Stenophora ellipsoidi . ...
Stenophora khagendre . . .

Fam. HYALOSPORINIDE.
Hyalosporina cambolop-
8isze.
Hyalosporing rayi ......

Fam. GREGARINID.E.
Leidyana gryllorum. . . . ..

Leidyana xylocopz
Gregarina aciculaia ...
Gregarina cornwalls. . . . ..
Gregaring oviceps .......

Caul halus cr
Protomagalhensia (1)
attenuata.

INTRODUCTION.

Host.

Diplopoda sp. .......
Zikadesmus (?) sp. ....

Cambolopsis sp. .....
Polydesmus sp. ...

Strongylosoma  contor-
tipes.

Gryllussp. ......... .

Xylocopa zstuans . ...
Lepisma saccharina ..
Lepisma saccharina ..
Gryllussp. ..........

Aulacophora foveicollis.
Parapeneopsis sculptilis

psis sculptilis

Hirmocystis (?) parap
opsist.

Fam. ACTINOCEPHALIDZE.

Steinina metaplaxi ... ...

Fam. DACTYLOPHORID.E.
Grebneckiella naville . ...

Fam. MONODUCTID.E.
Monoductus lunatus .. ...

CoccIDIA.
Fam. ADELEIDA.
Adelea pachelebrae

Adelina schellack?

Fam. HEMOGREGARINID.E.,

Hamogregarina berestncffi.

Hamogregarina cantliet . .
Hamogregarina hankini .

Heamogregarina laverani .

Hamogregarina  leschen-
aultii.

Hamogregarina magna . .

Hamogregarina mala-
barica.

Hamogregarina mesnili . .

Hamogregarina mirabilis .

Pa,,

Metaplax dentipes . ...

Scolopendra sp. ......

Strongylosoma contor-
tipes.

Pachelabra meestra . ..

Cormocephalus dentipes

Rana hexadactyla . ...
Rana limnocharis . ...
Rana tigrina. ....... .
Eryz conicus
Crocodilus porosus ...
Qravialis gangeticus ..
Lissemys punctate
granosa.
Hemidactylus leschen-
aults.
Rana limnocharis . ...
Rana tigrina
Lissemys punctata
granosa.
Kachuga tectum ......
Tropidonotus asperri-
mus.
Tropidonotus piscator .

19

Seat.

Mid-gut.
Intestine.

Alimentary canal.

Alimentary canal.
Alimentary canal.

Gizzard and mid-
gut.

Alimentary canal.

Mid-gut.

Mid-gut.

Gizzard and mid-

gut.
Alimentary canal.
Intestine.

Intestino.

Intestine.

Intestine.

Alimentary canal.

Intestine and di-
gestive glands.
Intestine.

Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.

Blood.

Blood.
Blood.
,Blood, liver, bone-
marrow, etc.
Blood.
Blood.

Blood.
c2
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Parasite.

Fam. HEMOGREGARINID.E
(cont.).

Hamogregarina naje . ...
Hamogregarina nicorige . .

Hazamogregarina nucleo-
bisecans.
Hamogregarina pythonis .
Hamogregarina rara . ...
Hamogregarina rodriguesi.
Hamogregarina stepanowi-

ana.
tudinis.

SPOROZOA.

Host.

Naja naja ..........
Geoemyda trijuga . . ...
Lissemys punctata
granosa.
Ozobranchus shipleyi .
Bufo melanostictus ...

Python molurus
Chinemys reevesii. . . ..
Hemidactylus brookes. .
Chinemys reevesii. ... .

Haemogregarina t
meoqreganna thomsonsi .

Hsemogregarina thyrsoidea.
Hamogregarina tiedri ...
Hamogregarina vittate . .

Hzaemogergarina xaviert . .

Haemogregarina sp. .....
Hamogregarina sp.
Hsaemogregarina sp.
Hamogregarina sp.
Hgemogregarina sp.
Haemogregarina sp.
Haemogregarina sp.
Hamogregarina sp.
Haemogregarina sp.

Hsmogregarina sp.

Hamogregarina sp. .....
Hamogregarina sp.
Hamogregarina sp.
Hamemogregarina sp.
Hamogregarina sp.
Hamogregarina sp.
Haemogregarina sp.
Hamogregarina sp.
Haemogregarina sp.
Haemogregarina sp.
Hepatozoon adiet .......

Hepatozoon canis........

Hepatozoon felis domestici.
Hepatozoon funambuli .. .

Testudo emys
Agama tuberculata . . .
Thyrsoidea macrurus .
Hemidactylus triedrus .
Lissemys punctata
granosa.
Lissemys punctata
granosa.
Trichogaster fasciatus .
Varanus monitor
Bungarus ceruleus . ..
Chrysopelea ornata. . . .
Zaocys mucosus . . ... .
Porocephalus pattons . .
Coluber helena
Coluber sp. ..........
Dipsadomorphus for-

stenie.

Dipsadomorphus ceylon-

ensis.

Dendrophys pictus

Dryophis mycterizans .
Eryx johnii
Naja bungarus
Naja naja
Naja naja var. atra. ..
Najasp. ......oovnnn
Python sp......... .
Tropidonotus stolatus .
Vipera russellii
Eagle (not identified) .

Canis aureus

Canis familiaris .....
Cyon dukhunensis . ...

Vulpes bengalensis ...

Rhipicephalus san-
guineus.

Felissp. «o....... .

F bulus p Wi,

Heamatopinus sp. ....

Seat.

Blood.
Blood.
Blood.

Body.
Blood.

Blood.
Blood.
Blood.
Blood.

Blood.
Blood.
Blood.
Blood.
Blood.

Blood, lungs,
spleen, liver.
Blood.
Blood.
Blood.
Blood.
Blood.
Body.
Blood.
Blood.
Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Lung and leuco-
cytes.

Internal organs
and leucocytes.

Internal organs
and leucocytes.

Internal organs
and leucocytes.

Internal organs
and leucocytes.

Body.

Leucocytes.
Leucocytes.
Body.



Parasite.

Hepatozoon gerbilli ... ...

Hepatozoon leporis ......
Hepatozoon muris «......

Hepatozoon sp. ..... e

Karyolysus jorgei

Fam. EIMERIID.E.
Lankesterella i

Lankesterella monilis . ...

Isospora belli
Isospora bigemina .....

Isospora caloti .........

lsospora felig «o.oovvuens

Isospora knowlest

Isospora minuta. .. ... oes

Isospora rivolta

Isospora wenyoni. ......
Isospora sp.

Eimeria clupearum ... ...

Eimeria columbse

Eimeria cylindrica ......

Eimeria faurei
Eimeria flaviviridis

Eimeria harpodoni

Eimeria hemidactyli . . ...

Eimeria kermorganti . ...
Eimeria knowlest .......

Eimeria laminata .......

Eimeria legeri

Eimeria mitraria

Eimeria najee ..........
Eimeria piscators........
Eimeria sardinge ........
Eimeria southwelli. . .....
Eimeria yakimovi .......

Eimeriasp. .......o0..n

Eimeria sp.

Eimeriasp. .........
Eimeriasp. ............

e

INTRODUCTION.

Host.
Tatera indica «.......
Hamatopinus stephensi
Lepus nigricollis .....
Rattus norvegicus ....

Rattus rufescens . .. .. .
Lelaps echidninus ...

Pteromys petaurista ..
Calotes versicolor major

Rana tigrin@ +.......
Rana limnocharis ....

Rana tigring «.......
Homo sapiens .......
Canis sp.........

Calotes versicolor. .. ..
Felis domesticus .....

Hemidactylus flaviviri-
dis.

Naja naja

Felis domesticus

Herpestes auropunctatus

Bufo melanostictus ...
Bogsp. ....iviiinnnn
Homo sapiens
Columba livia inter-
media.
Natrixz piscator
Ovis sp.
Hemidactylus flaviviri-
dis.
Harpodon nehereus ...
Hemidactylus flaviviri-
dis.
Qavialis gangeticus . ..
Hemidactylus flaviviri-
dis.
Bufo melanostictus ...
Lissemys punctata
granosa.
Chinemys reevesit.....
Naja naja
Natrix piscator ......
Homo sapiens ....
Atobatis narinars . ...
Boselaphus tragoca-
melus.
Bossp. ......... N
Trichiurus savala . ...
Batrachus grunniens . .
Epinephelus tauvina . .
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Seat.
Erythrocytes.
Body.

Blood.

Liver-cells and
leucocytes.

Liver-cells and
leucocytes.

Body.

Blood.

Blood, and endo-
thelial cells of
liver and lungs.

Blood.

Blood.

Blood.

Alimentary canal.

Sub-epithelial
tissues of the
intestine.

Intestinal epithe-
lium.

Intestinal epithe-
lium.

Alimentary canal.

Alimentary canal.

Intestinal epithe-
lium.

Cecum.

Small intestine.

Alimentary canal.

Intestine.

Intestine.

Rectum.
Intestine.
Gall-bladder and
intestine.
Alimentary canal.
Intestine.

Spleen.
Intestine.

Small intestine.
Gall-bladder and
bile-ducts.
Intestine.
Rectum.
Rectum.
Alimentary canal.
Intestine.
Alimentary canal.

Alimentary canal.
Intestine.
Intestine.
Intestine.
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Parasite.
Fam. EIMERIIDE (cont.).
Eimeriasp. ..... PN
Eimeriasp. ........

Eimeriasp. .......
Eimeriasp. ............

Eimeriasp. ............
KEimeriasp. ......... cee
Eimeria (2)8p...........

Wenyonella hoaret ......
Pythonella bengalensis. . ..
Aggregata sp. ....... "o

INCERTZ SEDIS.

Toxoplasma canis ... ....
Toxoplasma columbe . ...
Tozoplasma cuniculi ....

Toxoplasma fulice
Toxoplasma sp. .........
Toxoplasma sp. .........
Toxoplasma (1) pyrogenes .
HEMOSPORIDIA.
Fam. HEMOPROTEID&.

Hagmoproteus antigone . . .
Heaemoproteus asturis . ...

Hsamoproteus cerchneisi . .
Haemoproteus columbe . . .
Hamoproteus coracie ...

Hamoproteus corvusi . ...

Haeamoproteus danilewskyi

Haemoproteus glaucidii ..

SPOROZOA.

Host.

Engraulis mystax . ...
Otolithus ruber
Sillago sthama . .....
Coilia dussumieri. . . ..
Plotossus canius .....
N hel '
e
Culex sp. .......... .
Sciurus sp.
Python sp............
Parapeneopsis  sculp-
tilis.

Canis familiaris
Columba livia
Lepus 8p. «.oovuvenns

Fulicaatra ..........
Passer sp. ...........
Sazxicola caprata .. ...
Homo sapiens

Anthropoides virgo ...
Astur badius dussu-
mieri.
Cerchneis tinnunculo-
sus objurgatus.
Columba livia
Lynchia maura. . .....
Coracias benghalensis
benghalensis.
Corvus levatllanti
macrorhynchus.
Corvus splendens . . ...
Anas (Fuligula) baert .
Copsychus saularis ...
Coracias benghalensis
indica.
Garrulax albigularis ..
Qarrulus lanceolatus :.
Qlareola pratincola. . . .
Kittacincla macroura .
Melophus melanicterus
Mesia argentauris . ...
Nettapus coromandeli-
anus.
Otus bakkamona var.
malabarica.
Propasser rhodochrous .
Prunella strophiata jer-
doni.
Glaucidium radiatum .

Hemoptoteus gymnorhidis.
Haemoproteus herodiadis .

Heemoproteus kopki .....

Gy is thocollis .

Egretta intermedia
intermedia.

Hem idactylus brook: ..

Seat.

Intestine.
Intestine.
Intestine.
Intestine.
Intestine.
Intestine.
Stomach cells.
Intestine.
Intestine.
Intestine.

Liver and spleen.

Leucocytes.

Liver, spleen,bone-
marrow, and
heart-blood.

Lung.

Blood.

Blood.

Blood and spleen.

Blood.
Blood.

Blood.

Blood.
Stomach.
Blood.

Blood.

Blood.
Blood.
Blood.
Blood.

Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.

Blood.

Blood.
Blood.

Blood.
Blood.
Blood.

Blood.



Parasite.
Hamoproteus machlolophs.

Heamoproteus metchnikovi.
Hsemoproteus orioli
Hazmoproteus raymund:i .

Hamoproteus .rileyi .....
Hamoproteus simondi ...

Hamoproteus sturni. . . . ..
Heemoprcteus upupa .. ..

Hamoproteus wenyons . . .
Hamoproteus sp. e
Hamoproteus sp. .......
Hamoproteus sp.
Hamoproteus sp.
Haemoproteus sp.

Heaemoproteus sp.
Haemoproteus sp. .......

Haemoproteus sp.
Hamoproteus sp.
Hamoproteus sp.
Heemoproteus sp.

Hamoproteus sp.
Heamoproteus sp.
Haemoproteus (1) agithing.
Hamoproteus (?) anthi . . .
Hemoproteus (1) brang . .
Hamoproteus (1) centropst .

Heamoproteus (1) dicrurs. .
Hemoproteus (?) elani ...
Hamoproteus (?) gallinulze

Haemoproteus (?) halcyonis
Hemoproteus (?) otocompsae

Haemoproteus (1) pastoris .

Hsmoproteus (?) platalez .

Hamoproteus (1)  tephro-
dornis.

Heamoproteus (?)  therei-
cerycis.,

Hamoproteus (1)  therei-

cerycis var. zeylonica.
Leucocytozoon chloropsidis.

Leucocytozoon coracie. . ..
Leucocytozoon mellot .. ..
Leucocytozoon sp. .
Leucocytozoon sp.

Leucocytozoon sp. ...
Leucocytozoon sp. ......

INTRODUCTION.

Host.

Machlolophus zantho-
genys.

Chitra indica ........

Oriolus oriolus kundoo.

Leptocoma zeylonica ..

Pavo cristatus ......

Hemidactylus leschen-
aulti.

Sturnia malabarica . ..

Upupa epops orientalis.

Orthotomus sutorius ..
Antigone antigone . ...
Calenas nicobarica . ..
Centropus sinensis. ...
Chloropsis aurifrons ..
Turdoides striatus
striatus.
Cyanops flavifrons ...
Dendrocitta rufa vaga-
bunda.
Haliaeétus leucoryphus.
Hemidactylus sp. .....
Coryllis beryllinus . . ..
Psittacula alexandr: ..
Sfasciata.
Otus bakkamena .. ...
Strix ocellata
Agithina tiphia . .. ..
Anthus richardi mfulua
Athena brama .
Centropus sinensis
parroti.
Dicrurus macrocercus
macrocercus.
Elanus cearuleus voci-
ferus.
Qallinula chloropus . ..
Halcyon smyrnensis. ..
Elathea jocosa
Pastor roseus
Platalea leucorodia
magjor.
Tephrodornis pondiceri-
anus pondicerianus.
Thereiceryx zeylanicus
b .
Thereiceryx zeylanicus
zeylanicus.
Chloropsis
davidsoni.
Coracias benghalensis
benghalensis.
Coracias  benghalensis
benghalensis.
Athene brama .. ...
Falcosp. .........
Ianthocincla mjogularw
Leiothrix lutea .

aurifrons

cesven
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Seat.
Blood.

Blood.

Blood.

Blood, lungs,
spleen.

Blood.

Blood.

Blood.
Blood,
liver.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.

lungs,

Blood.
Blood.

Blood.
Blood.
Blood.
Blood.

Blood.
Blood.
Blood.
Blood.
Blood.
Blood.

Blood.
Blood.

Blood.
Blood.
Blood.
Blood.
Blood.

Blood.
Blood.
Blood.
Blood.

Blood and smears
from lungs.

Blood and smears
from lungs.

Blood.

Blood.

Blood.

Blood.
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Parasite. Host.
Fam. HEMOPROTEID E (cont.).
- Leucocytozoon sp. ...... Oreicola ferrea .......

Leucocytozoon sp.  ...... Propasser rhodochrous .
Leucocytozoon sp. ..... . Peking robins........

Fam. PLASMODID.E.

Proteosoma chloropsidis .. Chloropsis aurifrons
davidsont.
Proteosoma columbze .... Columbasp. ....... .o
Proteosoma gallinulee . ... Gallinula chloropus ...
Proteosoma herodiadis. ... Egretta intermedia in-

termedia.
Proteosoma moruony .... Copsychus saularis ...
Proteosoma passeris ..... Passer domesticus . ...
Proteosoma praecox ... ... Aidemosyne malabarica
Sturnus vulgarus pol-
taratskyi

Tragopan satyra .. ...
Anopheles subpictus . .

Culex fatigans ......
Proteosoma sp. ..... .e.. Antigone antigone . ...
Proteosoma 8p........... Corvus splendens . . . ..
Proteosoma 8p........... Coryllis beryllinus . . ..
Proteosoma 8p........... Cyanops flavifrons ...
Proteosoma 8p........... Elathea jocosa. . ... ...
Proteosoma 8p........... Emberiza fucata .....
Proteosoma 8p........... Gracula indica .......
Proteosoma 8p........... Garrulax leucolophus
Proteosoma 8p........... Letothrix lutea . .....
Proteosoma sp........... Melophus melanicterus
Proteosoma sp........... Saxicola caprata .. ...
Proteosoma 8p........... Turdus boulboul .....
Laverania malarie ..... Homo sapiens .......

Anopheles annularis . .
Anopheles culicifacies .
Anopheles fluviatilis .
Anopheles funestus ...
Anopheles jeyporiensis.
Anopheles maculatus . .
Ancpheles minimus
Anopheles philippinen-
8¢8.
Anopheles stephenst
Anopheles sundaicus . .
Plasmodium vivax ...... Homo sapiens .......
Anopheles annularis .
Anopheles culicifacies .
Anopheles fluviatilis . .
Anopheles funestus . ..
Anopheles jeyporiensis.
Anopheles maculatus
Anopheles minimus ..
Anopheles philippinen-
&8,
Anopheles stephensi . .
' Anopheles sundaicus . .
Plasmodium malarize .... Homo sapiens
Anopheles annularis .
Anopheles culicifacies .

Blood.
Blood.
Blood.

Blood.

Blood.
Blood.
Blood.

Blood.
Blood.
Blood.
Blood.

Blood.
Body.
Body.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Body.
Body.
Body.
Body.
Body.
Body.
Body.
Body.

Body.
Body.
Blood.
Body.
Body.
Body.
Body.
Body.
Body.
Body.
Body.

Body.
Body.
Blood.
Body.
Body.

Seat.



Parasite.

Plasmodium malarige. ...

Plasmodium cynomolgi «e

Plasmodium tnut........

Plasmodium knowlest ...

Plasmodium kochi ......
Plasmodium pithect. . . ...

Plasmodium semnopithecus

Plasmodium bubalis .....

Plasmodium canig ......

Plasmodium equ

B e

Plasmodium mackiet . ...
Plasmodium narayant ...
Plasmodium pteropt .....
Plasmodium ratufe .....
Plasmodium tyrio .......

Fam. THEILERIID Z.

Theileria cellt .
Theileria hirci .

Theileria mutans .......

Theileria parva

Fam. BABE:

.........

SIID A,

Babesia bigeming .......

Babesia caballi.
Babesia canis .

Babesia equi. . .
Babesia felis. . .
Babesia gibsont

Babesia ninense .

Babesta sergenti
Babesta soricis

.........

........

........

.........

--------

INTRODUCTION.

Host.
Anopheles fluviatilis ..
Anopheles funestus ...
Anopheles jeyporiensis.
Anopheles maculatus .
Amnopheles minimus ..
Anopheles philippinen-

Anophelea stephenst . .
Anopheles sundaicus . .
Silenus rus .........
Silenus rhesus .......
Silenus sinicus ......
Anopheles annularis . .
Anopheles culicifacies .
Anopheles maculatus .
Anopheles splendidus .
Silenus trus .........
Silenus rhesus .......
Silenus irus .........
Silenus rhesus .......
Cercopithecus spp. . ...
Simia satyrus .......
Presbytes pileatus .. ..
Pygathriz entellus . ...
Stlenus rhesus .......
Bos indicus .........
Bubalus sp...........
Canis familiaris .....
Equus caballus . .....
Myotis muricola .....
Lutra lutra ..........
Pteropus medius .....
Ratufa indica ........
Manes pentadactyla . .

Macacus pileatus . ...
Capra hircus.........
Bos indicus..........
Bos indicus. .........

Bos indicus..........
EBquus caballus . ......
Canis qureus ........
Canis familiaris .. ...
Rhipicephalus sangui-
neus.
Equus caballus ......
Felis Bp. .ovvvvvvanns
Canis aureus ........
Canzis familiaris .. ...
Ovisgsp. ... ovvveees
Erinaceus sp. ........
Capra hircus.........
Crocidura cerulea . ...
Elephant, camel, gui-
nea-pigs, fowls, and
lizards.
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Seat.
Body.
Body.
Body.
Body.
Body.
Body.

Body.

Body.

Blood.

Blood.

Blood.

Salivary glands.
Salivary glands.
Salivary glands.
Salivary glands.
Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.
Blood.
Blood.
Blood.

Blood.
Blood.
Blood.
Blood.
Blood.

Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
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Parasite. Host. Seat.
Fam. BABESIIDZE (cont.). e
Babesia 8p.........000.. Axisaxis ......o.e. . Blood.
Babesia 8p.........oonn Cyon dukhunensis . ... Blood.
Babesia 8p............. . Herpestes edwardit ... Blood.
INCERT.ZE SEDIS.
Grahamella muris ....... Rat ............ .... Blood.
Qrahamella sp........... Manes pentadactyla .. Blood.
Paraplasma sp. ....... . Homo sapiens ....... Blood.
Anaplasma sp. ........ Bats ............ ~+. Blood.
Chitra indica . ....... Blood.

Coluber blumenbachit. . Blood.
Hemidactylus brook: .. Blood.

Homo sapiens ....... Blood.
Naja naja .......... Blood.
Perca fluviatilis . .. ... Blood.
Rana esculenta ...... Blood.
Rana tigrina ........ Blood.
CNIDOSPORIDIA.
MYXOSPORIDIA.

Fam. CERATOMYXIDZE.
Ceratomyxa gobioidesi. ... Gobioides rubicundus . Liver, gall-bladder
kidney, ovary.
Macrones gulio ...... Liver,gall-bladder,
kidney, ovary.
Trichogaster fasciatus . Liver,gall-bladder,
kidney, ovary.

Chloromyxum amphinovi .  Amphipnous kuchia .. Gall-bladder.
Fam. SPHZEROSPORID Z&.
Spharospora sp. ........ Barilius barna ....... Under the scales
Fam. MYXIDIIDZE.

Myzidium danilewskyi .. Chinemys reevesii. . ... Kidney.

Myzidium mackies ... ... Trionyx gangeticus. ... Kidney.

Myzidium sp. «......... Clarias batrachus .... Gall-bladder.
Qeoemyda trijuga .... Gall-bladder.
Kachuga simithi ... ... Gall-bladder.
Lissemys punctata Gall-bladder.

granosa.
Ophiocephalus punctatus Gall-bladder.
Saccobranchus fossilis .  Gall-bladder.

Zschokkella prashadi . . ... Bufo melanostictus ... Gall-bladder.
Lissemys punctata Gall-bladder.
granosa.
Rana tigring ........ Gall-bladder.
Fam. MYX0BOLID Z.
Myzxobolus calbasui. . . ... Cirrhina mrigala . . ... Liver .and gall-
bladder.
Clarias batrachus .... Ovary and liver.
Katla katla ..... coo. Gills.
Myzobolus nodularis. . . .. Rasbora daniconius ... Muscles.
Myxzobolus sp.  ........ Rasbora daniconius ... Subcutaneous tis-
sue.
Thelohanellus rohitee .... Labeo rohita ........ . Gills.
Thelohanellus seni ... ... Labeo rohita .. ....... Median and caudal
fins.

Henneguya ophiocephali.. Ophiocephalus puncta- Gills and muscles.
tus.



Parasite.

Henneguya otolithus . . . . .

MICROSPORIDIA.
Fam. NOSEMATID E.
Nosema adiet

Nosema bombycis. ... .. ..

Nosema ctenocephali

Thelohania indica ......
Thelohania legeri .......

Thelohania obscura

Microsporidian (indet.) ..

Microsporidian (indet.) ..

SARCOSPORIDIA.
Fam. SARCOCYSTIDZ.

Sarcocystis blanchards. . . .

Sarcocystis lindemanni . .

Fam. GLoBIDID&.
Globidium fusiformis
Globidium sp.

HAPLOSPORIDIA.
INCERTZE SEDIS.

Rhinosporidium seebers. . .
Rhinosporidium sp.. . ....

INTRODUCTION.

Host.

Otolithus maculatus . ..
Otolithus ruber . ...

Cimex rotundatus . ...
Bombyx mori ........
Ctenocephalus canis ..
Anopheles hyracanus .
Anopheles barbirostris .
Anopheles fuliginosus .
Anopheles funestus . ..
Anopheles hyracanus .
Anopheles pseudojamest
Anopheles ramsays. . . .
Anopheles subpictus. . .
Anopheles funestus ...
Stegomyia sp. .......

Culex fatigans

Bos bubalus
Bos indicus. .........
Homo sapiens

Bos indicus. .........
Wallaby ........ SN

Homo sapiens .......
Homo sapiens
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Seat

Bulbus arteriosus.
Bulbus arteriosus.

Gut, salivary
glands, and
ovaries.

All tissues.

Digestive tract of
larvae.

Adipose
larvee.

Adipose
larva.

Adipose
larve.

Adipose
larvee.

Adipose
larvee.

Adipose
larva.

Adipose
larvae.

Adipose
larve.

Adipose
larvee.

Nerve-cord of
imago.

Nerve-cord of
imago.

tissue of
tissue of
tissue of
tissue of
tissue of
tissue of
tissue of
tissue of

tissue of

Muscles.
Heart-muscle.
Muscles.

Alimentary canal.
Alimentary canal.

Nasal polypi.
Abscess cavities.

(ii) List of Hosts and their Parasites *.

Host.
MaMMALIA.

Ama axis . P

Parasite.

Babesia sp. ......en.
Anaplasma sp.
Plasmodium bubalis. . .
Sarcocystis blanchards .

Seat.

Muscles.

* For Supplementary List of Hosts and their Parasites recorded since
the above list was in type, see p. 375.



Host.
MAMMALIA (cont.).

Bos indicus .......

Camelus sp.

Canis 8p. «.coovvvnnenn.

Capra hircus ...........

Cavia porcellus (7).......
Cercopithecus sp. .......

Crocidura cerulea
Cyon dukhensis

Elephas 8p..........c...
Equus caballus ....... .

Erinaceus sp. ..........
Felis domesticus. ........

bk bulus p tii

Herpestes auropunctatus . .
Herpestes edwardii ......
Homo sapiens ..........

SPOROZOA.

Parasite.

Plasmodium bubalis. . .
Theileria mutans ... ..
Theileria parvG. ..... .
Babesia bigeming . .. ..
Sarcocystis blanchardi .

Globidium fusiformis .
1308pOTA 8P+ « v v v v ..
Eimeria sp. ...cocoes

Babesia troptcus  ....
Hepatozoon canis .. ..

Babesia canis
Babesia gibsoni ......
Hepatozoon canis . ...

Toxoplasma canis ...
Plasmodium canis . ...
Babesia canis

Babesia gibsont
Isospora begemina . ...

Theileria hirct «......
Babesia sergenti .....
Babesia tropicus .....
Plasmodium kochs . ...
Babesia soricis
Hepatozoon canis ....

Babesia sp.
Babesia tropicus .....
Plasmodium equi . ...
Babesia cabally
Babesia equi ........
Babesia ninense . .. ...
Isospora felis ........

Isospora rivolta. . ... ..

Hepatozoon felis
domestict.
Babesia felis ........
Hepatozoon funambuli.
Isospora rivolta .. ....
Babesia sp. .........
Isospora belli . ..... .o
Eimeria clupearum . ..
Eimeria sardinge .....
Toxoplasma () pyro-
genes.
Laverania malarie ..
Plasmodium malarie. .
Plasmodium vivax ...
Paraplasma sp. ......
Anaplasma sp. cens
Sarcocystis lindemanni.
Rhinosporidium seeberi
Rhinosporidium sp. ..

Seat.

Blood.

Blood.

Blood.

Blood.

Heart-muscle. °

Alimentary canal.

Alimentary canal.

Alimentary canal.

Blood.

Internal organs
and leucocytes.

Blood.

Blood

Internal organs
and leucocytes.

Blood.

Blood.

Blood.

Blood.

Subepithelial tis-
sues of the in-
testine.

Blood.

Blood

Blood.

Blood.

Blood.

Internal organs
and leucocytes.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Intestinal epithe-
lium.

Intestinal epithe-
lium.

Leucocytes.

Blood.
Leucocytes.
Ceecum.

Blood.
Alimentary canal.
Intestine.
Alimentary canal.
Blood and spleen.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Nasal polypi.
Abcess cavities.



Lutra lutra oo
Manes pentadactyla .. ...

Mpyotis muricola
Ovis sp.

Presbytes pileatus

........

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

.......

Pteromys petaurist. ... ..
Pteropus medius
Pygathrix entellus . ......

Rattus norvegicus. .......

........

Rattus rufescens

Rattus 8p. «ooovevenenn,
Ratufa indica
Sciurus sp.
Silenus irus

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

Stlenus rhesus

Stlenus sinicus
Simia satyrus
Tateria indica
Vulpes bengalensis

Wallaby

AvEs.
Agithina tiphia

Aidemosyne malabarica . .
Anas (Fuligula) baeri . . . .

Anthropoides virgo . .....
Anthus richardi rufulus
Antigone antigone ......
Astur badius dussumieri .
Athene brama ..........
Calenas nicobarica ...
C’entropus sinengis parrou
Cerchneis ti

objurgatus.
Chloropsis aurifrons ....

INTRODUCTION.

Parasite.
Toxoplasma cuniculi .

Hepatozoon leporis ...
Plasmodium narayani
Theileria cells . ......
Plasmodium tyrio. . ...
Grahamella sp. ......
Plasmodium mackies . .
Eimeria faurei . ......
Babesia motast . .....
Plasmodium semnopi-
thecus.
Hepatozoon sp. ......
Plasmodium pterops. . .
Plasmodium semnopi-
thecus.
Hepatozoon muris ....

Hepatozoon muris ....

Qrahamella muris. . ...
Plasmodium ratufee
Wenyonella hoarei
Plasmodium cynomolgi
Plasmodium inut .. ..
Plasmodium knowlesi .
Plasmodium cynomolgi.
Plasmodium inui . ...
Plasmodium knowlest .
Pla ) pi-
thecus.

Plasmodium cynomolgs.
Plasmodium pitheci ..
Hepatozoon gerbilli ...
Hepatozoon canis . ...

Globidiwm sp.

Hamoproteus (2) agi-
thine.
Proteosoma praecox. . . .
Hamoproteus danilew-
skyi.
Heamoproteus antigone.
Hamoproteus () anthi.
Haemoproteus sp. «....
Proteosoma sp.
Hamoproteus asturi. . .
Hamoproteus (1) bramaee
Leucocytozoon sp.
Heemoproteus sp. . . ...
Hamoproteus (1) sp.
Hamoproteus cerchneiai

......

e

Heamoproteus sp.

Seat.
Liver, spleen,
bone-marrow,
and heart-blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Intestine.
Blood.
Blood.

Blood.
Blood.
Blood.

Liver-cells and
erythrocytes.

Liver-cells and
erythrocytes.

Blood.

Blood.

Intestine.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.

Blood.
Blood.
Jrythrocytes.
Internal organs
and leucocytes.
Alimentary canal.

Blood.

Blood.
Blood.

Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.

Blood.
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Host.
AvVES (cont.).
Chloropsis aurifrons david-

sont.
Columba livia
Columba livia intermedia .

Columba 8p. .......... .
Copsychus saularis

..........

Coracias benghalensis ben-
ghalensis.

Coracias benghalensis in-
dica.

Corvus levaillantt macro-
rhynchus.

Corvus splendens

Coryllis beryllinus

Cyanops flavifrons
Dendrocitia rufa vagabunda

Dicrurus macrocercus macro-

cercus.
Eagle .................
Egretta intermedia inter-
media.
Elanus cseruleus vociferus.

Elathea jocosa

Qallus gallus
Garrulaz albigularis . .. ..
Garrulaz leucolophus . . . .
Garrulus lanceolatus . .

Glareola pratincola ... ...
Qlaucidium radiatum . . . .
GQracula indica
Gymmnoris xanthocollis . . .

.........

Halcyon smyrnensis

.....

Haliaeétus leucoryphus . . .

SPOROZOA.
Parasite.

Leucocytozoon chlorop-
sidis.

Proteosoma chloropsians.
Toxoplasma columbze .
Hamoproteus columbae .
Eimeria columba
Proteosoma columbee . .
Hamoproteus danilew-
skye.

Proteosoma moruony . .
Hsmoproteus coracize .
Leucocytozoon coracize .

Leucocytozoon mellos . .
Haxmoproteus sp. .. ...
Hamoproteus corvuss. .

Hamoproteus corvust .
Proteosoma sp.
Heamopreteus sp. .. ...
Proteosoma 8p. .......
Haemoproteus sp. .. ...
Proteosoma sp.
Haemoproteus sp. ... ..

Heemoproteus (1) dicruri

Hepatozoon adiet . . ...
Hamoproteus herodiadis
Proteosoma herodiadis .
Hamoproteus (1) elant.
Hamoproteus (?) oto-
compsae.
Proteosoma 8p. ..., ..
Proteosoma sp. .......
Leucocytozoon sp. . ...
Toxoplasma fulica ...
Hamoproteus (2) galli-
nulee.
Proteosoma gallinule .
Babesia tropicus
Hamoproteus danilew-
skys.
Proteosoma sp
Heemoproteus danilew-
skys.
Hemoproteus danilew-
skyt.
Hamoproteus glaucidii.
Il;rowoeom 8sp.
amoproteus no-
rhidis. gum
Haemoproteus (2) halcy-
onis.
Hamoproteus sp. . ...

Seat.

Blood.

Blood.
Leucocytes.
Blood.
Intestine.
Blood.
Blood.

Blood.

Blood.

Blood and smears
from lungs.

Blood and smears
from lungs.

Blood.

Blood.

Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.

Lungs and leuco-
cytes.

Blood.

Blood.

Blood.

Blood.

Blood.
Blood.
Blood.
Lung.

Blood.

Blood.
Blood.
Blood.

Blood.
Blood.

Blood.
Blood.
Blood.
Blood.
Blood.

Blood.



Host.
Tanthocincla rufogularis .
Kittacincla macroura . . ..
Leptocoma zeylonica

Leiothrix luteus ........
Maclolophus xanthogenys .

Melophus melanicterus ..

Mesia argentauris

Nettapus coromandelianus.

Oreicola ferrea .........
Oriolus oriolus kundoo

Orthotomus sutorius .. ...
Otus bakkameena .......
Otus bakkameena var.

malabarica.

Passer domesticus .......
Passer sp. ......... N
Pastor roseus . ..........
Pavo cristatus
Peking robins .........
Platalea leucorodia major.

Propasser rhodochrous . ..
Prunella strophiata jerdon?

Psittacula alexandri fasci-
ata.

Saxicola caprata .. ......

Striz ocellata

Sturnia malabarica .....

Sturnus vulgarus poltarat-
skyq.

Tephrodornis pondicerianus
pondicerianus.

Thereiceryx zeylanicus in-
ornata.

Thereiceryx zeylanicus zey-
lanicus.

Tragopan satyra ........

Turdotdes striatus striatus.

Turdus boulboul. . .. .....

Upupa epops orientalis . .

REePTILIA.
Agama tuberculata

DI

Bungarus ceeruleus

INTRODUCTION.

Parasite.

Leucocytozoon sp... ...

Hamoproteus danilew-
skyz.

Hemoproteus raymunds

Leucocytozoon sp. . ...

Proteosoma sp. ......

Hemoproteus machlo-
lopha.

Heaemoproteus danilew-
skyz.

Proteosoma sp. ......

Hamoproteus danilew-
skys.

Hamoproteus danilew-
skyz.

Leucocytozoon sp. . ...

Hamoproteus orioli

Hamoproteus wenyons.

Heamoproteus sp. .....

Hamoproteus danilew-
skyq.

Proteosoma passeris ..

Toxoplasma sp. ......

Heaemoproteus (?) pas-
toris.

Hamoproteus rileys

Leucocytozoon sp. ....

Haemoproteus (1) plata-
lese.

Hamoproteus danilew-
skys.

Hamoproteus danilew-
skyu.

Hamoproteus sp.

Leucocytozoon sp. . ...
Toxoplasma sp. ......
Proteosoma sp. ......
Hamoproteus sp. .
Hamoproteus sturni . .
Proteosoma preecozx. . . .

Hamoproteus (1) tephro-
dornis.
Hamoproteus (1) therei-
cerycis.
Haemoproteus (1) therei-
cerycis var. zeylonica.
Proteosoma praecosz . .
Hamoproteus sp. .....
Proteosoma sp. . ......
Haemoproteus upupee .

Heamogregarina thom-
sont.
Haemogregarina sp. ...
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Blood, lungs,
spleen.
Blood.
Blood.
Blood.

Blood.

Blood.
Blood.

Blood.

Blood.
Blood.
Blood, lungs, liver.
Blood.
Blood.

Blood

Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.

Blood.
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Host.
REPTILIA (cont.).
Calotes versicolor

Calotes versicolor major ..

asesons

Chinemys reevesii

.......

Chitra indica

..........

Chrysopelea ornata
Coluber blumenbachii . ...
Coluber helena
Coluber sp.
Crocodilus porosus
Dendrophjs pwtua

......

[luu-?
sis.
D di puu& Jv: 7
Dryophw ‘mycterizans .
Eryx conicus
Eryx johnii
Gavialis gangeticus

Geoemyda trijuga. .......
Hemidactylus brooki . ...

Hemidactylus flaviviridis .

Hemidactylus leschenaulti.

Hemidactylus triedrus .
Hemidactylus sp.
Kachuga smithi
Kachuga tectum

.......

Lrissemys punclata granosa.

SPOROZOA.

Parasite

.......

Isospora caloti
Karyolysus jorgei . ...

Hamogregaring rara . .
Hazmogregarina stepa-
nowiana.
Eimeria mitraria
Myzidium danilewskys.
Hamoproteus metchni-
kovwz.
Anaplasma sp.
Hamogregarina sp. .
Anaplasma sp.
Hazmogregarina sp.
Hamogregarina ap. cen
Haemogregarina hankini
Hamogregarina sp. .
Hamogregarina sp. ...

Hamogregarina sp. ...
Haemogregarinag sp. . ..
Hamogregarina cantliet
Hzmogregarina sp. ...
Haxmogregarina han-
kini.
Eimeria kermorgants . .
Hzmogregarina nicorige
Myxidium sp. .......
Hazmogregarina rodri-
guest.
Hamoproteus kopki ..
Anaplasma sp.
Isospora knowlesi . ...
Eimeria flaviviridis . . .

......

Eimeria hemidactyli. . .
Eimeria knowlesi
Hamogregarina leschen-
aultii.
Haemoproteus simonds .
Hamogregarina tiedri .
Hamoproteus sp. .. ...
Isospora knowlesi. . . ..
Haemogregarina mesnili
Hamogregarina  laver-
and.
Hamogregarina mala-
barica.
H. .semogregarma nicoriae
H &moyregarina vittate.
Hazmogregarina xaviert.

Eimeria legeri o..... .

Myxidium sp. .......
Zschokkella prashadsi .

Seat.

Inhbestmal epithe-

Blood, and endo-
thelial cells of
liver and lungs.

Blood.

Blood.

Intestine.
Kidney.
Blood.

Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.

Blood.
Blood.
Blood.
Blood.
Blood.

Spleen.
Blood.
Gall-bladder.
Blood.

Blood.

Blood.
Alimentary canal.
Gall-bladder and

intestine.

Intestine.
Intestine.

Blood.

Blood.
Blood.
Blood.
Gall-bladder.
Blood.
Blood.

Blood, liver, bone-
marrow, etc.

Blood.

Blood.

Blood, lungs,

leen, liver.

l?bladder and
bile-ducts.

Gall-bladder.

Gall-bladder.



Host.

Naja bungarus..........
Naja naja

s escase

Naja naja var. atra
Najasp. ............ ..
Natriz piscator

Python molurus ........
Python sp. «............

Testudo emys

Trionyx gangeticus
Tropidonotus asperrimus .

Tropidonotus piscator

Tropidonotus stolatus . . . .
Varanus monitor
Vipera russellii
Zaocys mucosus

AMPHIBIA.
Bufo melanostictus

Rana esculenta
Rana hexadactyla

Rana limnocharis

Rana tigrina . ..... eees

P1soEs.

Atobatis narinari . . .....
Amphipnous kuchia . . .. .

Bariliusbarna .........
Batrachus grunniens . ...
Cirrhina mrigala . ......
Clarias batrachus. . ... ...
Coilia dussumzier: .. .....

SPOR.

INTRODUCTION.

Paragite.
Babesia tropicus .....
Heemogregaring sp. . ..
Hemogregarina najse .
Hamogregaring sp. . . .
Isopsora minuta . . ...
Eimeria ngjee . . ......
Anaplasma sp. ......
Hsaemogregarina sp. . ..
Hsmogregaring sp. . . .
Eimeria cylindrica ...
Eimeria piscator: . ...
Hamogregarina pytho-

nis.
Heemogregaring sp. ...
Pythonella bengalensis .
Hsaemogregarina testu-
dinis.
Myzxidium mackiet . ..
Heaemogregarina mira-
bilis.
Haemogregarina
bilis.
Heamogregarina sp. . ..
Haemogregaring sp. . . .
Hamogergarina sp. . . .
Hesemogregarina sp. . ..

mira-

Heemogregarina nucleo-
bisecans.
Isospora wenyoni . ...
Eimeria laminata . . . .
Zschokkella prashadi .
Anaplasma sp. ......
Hzamogregarina  berest-
neffi.
Haemogregarina berest-
neffi.
Hamogregarina magna.
Lankesterella monilata .
Heaemogregarina berest-
neffi.
Hamogregarina magnae.
Lankesterella minima .
Lankesterella monilata .
Anaplasma sp. ......
Zschokkella prashadi .

Eimeria southwelli ...
Chloromyxum  amphi-
novi.
Spheerospora sp. ... ..
Eimeria sp.:
Myxobolus calbasu . . .
Myxobolus calbasui . . .
Myxidium sp. .......
Eimeria sp. .........
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Rectum.
Blood.
Blood.
Blood.
Rectum.
Rectum.
Blood.

Blood.
Intestine.
Blood.

Kidney.
Blood.

Blood.

Blood.
Blood.
Blood.
Blood.

Blood.
Small intestine.

Small intestine.
Gall-bladder.

Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Blood.
Gall-bladder.
Intestine.
Gall-bladder.
Under the scales..
Intestine.
Liver.
Ovary and liver.
Gall-bladder.
Intestine.

D



Host.

Pisces (cont.).
Engraulis mystax .......
Epinephelus diac
Epinephelus tauvina . .. .
Gobioides rubicundus . . ..

thus ..

Harpodon nehereus
Katla katla
Labeo rohita

Macrones gulio

Ophiocephalus punctatus .

Otolithus ruber

Plotossus canius
Rasbora daniconius

Saccobranchus fossilis. . . .
Sillago sihama
Thyrsoidea macrurus . . ..

Trichiurus savala . ... ...
T'richogaster fasciatus . . . .

MorLusca.
Paclelabra mastra

ARACHNIDA.
Lelaps echidninus . ... ..

Porocephalus pattoni . . . .

Rhipicephalus sanguineus.
INSECTA.

Aédes (Stegomyia) egqypti.

Aédes (Stegomyia) albopic-
tus.
Anopheles annularis . ...

Anopheles barbirostris. . . .

Anopheles culicifacies. . . .

Anopheles fluviatilis

Anopheles fuliginosus ...

SPOROZOA.

Parasite.

Eimeriasp. «........
Eimeriasp. .........
Eimeriasp. «........
Ceratomyxa gobioidess .

Eimerta harpodoni ...
Myzobolus sp. .......
Thelohanellus rohite . .
Thellohanellus seni. . . .

Ceratomyxa gobioidess .

Henneguya sp.
Myxidium sp. .......
Eimeriasp. .........
Henneguya otolithus . .
Kimeriasp. .........
Myxobolus nodularis

Myxobolus sp. .......

Myxidium sp. ......
Eimeria sp. .........
Haemogregarina thyrsoi-

deze. .
Kimeria sp. .........
Hemogregarina sp. . . .
Ceratomyza gobioidesi .

Adelea pachelebree . . ..

Hepatozoon muris . ...
Hzamogregarina sp. ...
Hepatozoon canis

Lankesteria culicis . ..

Laverania malarie ...
Lankesteria culicis ...

DPlasmodium cynomolgs.
Plasmodium malariee. .
Plasmodium vivazx . ...
Thelohania legert . . . ..

Laverania malarie ...
Plasmodium vivax ...
Plasmodium malarice. .
Plasmodium cynomolgs.
Laverania malarise ...
Plasmodium vivax

Plasmodium malariee. .
Thelohania legeri . . . . .

Seat.

Intestine.

Intestine.

Intestine.

Liver, gall-bladder
kidney, ovary.

Alimentary canal.

Gills.

Gills.

Median and caudal

fins.
Liver, gall-bladder
kidney, ovary.
Gills and muscles.
Gall-bladder.
Intestine.
Bulbus arteriosus.
Intestine.
Muscles.
Subcutaneus tis-
sue.
Gall-bladder.
Intestine.
Blood.

Intestine

Blood.

Liver, gall-bladder
kidney, ovary.

Intestine and di-
gestive glands.

Body.
Body.
Body.

Stomach and Mal-
pighian tubes.

Body.

Stomach and Mal-
pighian tubes.

Salivary glands.

Body.

Body.

Adipose tissue of
larva.

Body.

Body.

Body.

Salivary glands.

Body.

Body.

Body.

Adipose tissue of
larve.



Host.
Anopheles funestus ......

Anopheles hyracanus . ...

Anopheles jeyporiensis ..

Anopheles maculatus . ...

Anopheles minimus. . . ...
Anopheles philippinensis .

Anopheles pseudojamesi .

Anopheles ramsayti

Anopheles splendidus . . . .
Anopheles stephensi .. ...

Anopheles sundaicus . ...

Anopheles subpictus

Aulacophora foveicollis ..
Bombyx more
Cimex rotundatus

Ctenocephalus canis .....

Culex fatigans

Culex 8p. «oovvvvivnnnn.
Gryllus sp.

Hamatopinus stephensi . .

Hamatopinus sp. .......

Lepisma saccharing ... ..
1oh

Ph I 8 arg P .o

INTRODUCTION.

Parasite.
Laverania malarize ...
Plasmodium malariz. .
Plasmodium vivax ...
Thelohania legers . . . . .

Thelohania obscura . ..
Thelohania indica .. ..

Thelohania legeri . . ...
Laverania malariz ...
Plasmodium malarize. .
Plasmodium vivax ..
Laverania malarize ...
Plasmodium malarie. .
Plasmodium vivaz ...
Pla 1 ” Igi
Laverania malarie ...
Plasmodium malariz. .
Plasmodium vivax
Laverania malariz ...
Plasmodium malarize. .
Plasmodium vivax
Thelohania legeri

Thelohania legeri

Plasmodium cynomolgi.

Laverania malarie ...
Plasmodium malarie. .
Plasmodium vivax

Laverania malarize ...
Plasmodium mmalaria . .
Plasmodium vivax

Proteosoma praecox. . . .
Thelohania legeri . . . ..
Caulocephalus crenata .
Nosema bombycis . ...
Nosemna adiel

Nosema ctenocephali . .

Proteosoma praecox. . . .
Microsporidian (indet.)

Eimeria (?) sp.
Leidyana gryllorum ..

GQregarina oviceps ., ..

Hepatozoon gerbilli . ..
H 4 £ hasl

7 o J .
GQregarinag aciculata . ..
GQregarina cornwalli ..
Lankesteria mackier . .
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Seat.

Body.

Body.

Body.

Adipose tissue of
larva.

Adipose tissue of
larvae.

Adipose tissue of
larve.

Adipose tissue of
larvee.

Body.

Body.

Body.

Body.

Body.

Body.

Salivary glands.

Body.

Body.

Body.

Body.

Body.

Body.

Adipose tissue of
larva.

Adipose tissue of
larve.

Salivary glands.

Body.

Body.

Body.

Body.

Body.

Body.

Body.

Adipose tissue of
larvee.

Alimentary canal.

All tissues.

Gut, salivary
gla.m.le, and
ovaries.

Digestive tract of
larvee.

Body.

Nerve cord of
imago.

Stomach cells.

Uizzard and mid-
gut.

Gizzard and mid-

t.

Bogcll;r.

Body.

Mid-gut.

Mid-gut.

Alimentary canal
and hemoccele.

D2
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Host.
INsECTA (cont.).
Phlebotomus papatasi . ..

Stegomyiasp. ..........
Triptroidesi dofleini

.....

Xylocopa wstuans

MYRIOPODA.
Combolopsis sp.

Cormocephalus dentipes . .
Diplopoda sp. ..........
Polydesmus sp. .........
Scolopendrasp. ........
Strongylosoma contortipes.

Zikadesmus (?)8p........

CRUSTACEA.
Metaplax dentipes
Parap pSi8

Imtilie
d

CHZZETOPODA.

PoLYOHZETA.
Lumbriconereis sp. .....
Morphysa sanguinea. . . . .

OLIGOCHZETA.
Allolobophora caliginosa . .

SPOROZOA.
Parasite.

Lankesteria mackiei . .
Microsporidian (indet.)

Lankesteria tripterodesi.

Liedyana zylocopee . ..

Hyal ina b

J f o

lopsts.
Adelina schellacks . . ..
Stenophora ellipsoidi .
Hyalosporina rays ...
Grebneckiella naville .
Monoductus lunatus . .
Hyalosporina rayi ...
Stenophora khagendree.

Steinina metaplaxi ...
Protomagalhzensia
(?) attenuata.
Hurmocystis (?) para-
peneopsisi.
Aggregata sp. ........

Lecudina brasili .. ...
Bhatiella morphyse . .
Ferraria cornucephali .

Rhynchocystis cognetti .

Allolobophora fatida .... Nematocystis pluri-
karyosomata.

EButypheeus foveatus. . . ... Aikinetocystis  singu-
laris.

Butypheeus inco dus .. Nematocystis stephen-
soni.

Eutyphaus nicholsons . Monocystis beddardi . .

Eutyphaeus peqguanus . ... Aikinetocystis  singu-
laris

Eutyphoeus rarus ....... Aikinetocystis  singu-
laris.

Eutyphoeus spinulosus ... Aikinetocystis  singu-
laris.

Eutyphoeus sp. ...... ++. Monocystis beddards ..

Dirhynchocystis globosa.
Megascolex trilobatus . Apolocystis matthas . . .

Pheretima barbadensis . .

Pheretima compta

Nematocystis vermicu-
laris.
Stomatophora coronata .
J, r) rl G P P ) .
Nellocystis birmanica .

Seat.

Alimen canal
and tl;serz'nocmle.

Nerve cord of
imago.

Hemoceele and
respiratory sys-
tem.

QGizzard and mid-

gut.

Alimentary canal.

Intestine.
Mid-gut.
Alimentary canal.
Intestine.
Alimentary canal.
Alimentary canal.
Mid-gut.

Intestine.
Intestine.

Intestine.

Intestine.

Intestine.
Mid-gut.
Mid-gut.

Seminal vesicles.
Seminal vesicles..
Ceelomic cavity.

Seminal vesicles.

Seminal vesicles.
Coelomic cavity.

Ceelomic cavity.
Ccelomic cavity.

Seminal vesicles.
Seminal vesicles.
Seminal vesicles.
Seminal vesicles.

Seminal vesicles.
Seminal vesicles.
Ceelomic cavity.



INTRODUCTION. 87
Host. Parasite. Seat..
Pheretima elongata . . . .. Rhynchocystis ewatii . . Seminal vesicles.
Rhynchocystis mamil- Seminal vesicles.
lata.
. Stomatophora bulbifera. Seminal vesicles.
Pheretima heterochata ... Nematocystis hessei ... Seminal vesicles.
Nematocystis  lumbri- Sominal vesicles.
coides.
) Grayallia quadrispina . Coelomic cavity.
Pheretima posthuma . . ... Monocystis bengalensis. Seminal vesicles.
Monocystis loids . . . .. Seminal vesicles.
Monocystis pheretimi. . Seminal vesicles.
Stomatophora diadema. Seminal vesicles.
Dirkynchocystis globosa. Seminal vesicles.
HIRUNDINEA.
‘Qzobranchus shipleyi. . . .. Hamogregaring nicoriez  Body.
GEPHYREA.
Dendrostoma signifer .... Extremocystis dendro- Coclomic cavity.
stomi.
Technique.

Methods for the examination and study of ProTOZOA are
adequately dealt with in such works as Prowazek and Jollos
(1921), Wenyon (1926), Hartmann (1928), Bélar (1928),
Gatenby and Cowdry (1928), Knowles (1929) and Hegner
and Andrews (1930).” The principal methods followed in the
study of the SPOR0OZOA are given here for the benefit of those
taking up the study of the group.

Examination in the Living Condition.—1t is always desirable
to make observations on the living organisms in the first
instance. The specimens are mostly studied in a drop of the
natural medium or body-fluid of the host-animal in which
they are found. Any pressure of the cover-glass might cause
deformities, and this should be guarded against by including
in the preparation small bits of detritus or a hair which will
support the cover-glass. If it is intended to continue the
observations for some length of time, * cavity slides ” may be
used. The drop of fluid containing the organisms should be
put on a circular cover-glass, the margin of which is smeared
with melted paraffin or Czokor's wax, and the cover-glass
inverted over the cavity. This will fix the cover-glass to the
slide and prevent evaporation. The wax is made by heating
together and mixing in a shallow tin provided with & lid
equal weights of bees-wax and Venetian turpentine. The
wax becomes a solid mass when cool,.and can be applied
by placing the heated portion of a wire on the wax and then
passing it round the cover-glass or the slide. To study the
developmental stages and natural movements the slide should
be kept at the body temperature of the host when this is
a warm-blooded animal.



38 SPOROZOA.

Oocysts of CoccIpiA escaping in the faeces in an incompletely
developed condition may be observed to complete their
development, especially when mixed with a 5 per cent.
solution of bichromate of potash. Malarial parasites, when
observed as described above, will continue to develop for
several hours, and the production of merozoites can sometimes
be observed. Occasionally the removal of the blood from
the Vertebrate host may induce the development of stages
which normally take place inside the body of an Invertebrate
host : thus the production of gametes from the gametocytes,
fertilization, and the development of oikinetes may be followed
in a drop of blood enclosed between a slide and a cover-glass.
During the observations the cover-glass may be removed and
permanent preparations made showing particular stages of
development.

When the body-fluid containing the parasites is too small in
amount to make a suitable preparation, physiological salt
solution (0-7 per cent. solution of sodium chloride in distilled
water for cold-blooded animals and 0-85 or 0-9 per cent.
solution for warm-blooded animals) or Ringer’s solution may
be added. Ringer’s solution consists of sodium chloride
0-8 grm., potassium chloride 0-02 grm., calcium chloride
0-02 grm., sodium bicarbonate 0-02 grm., distilled water
100 c.c.

Intra-vitam Staining.—Examination of the living organisms
is facilitated by ¢ntra-vitam staining, different parts of the
organism or its contents being coloured without killing the
animal or affecting its movements. For this purpose neutral
red or methylene blue are used in very dilute solutions
(1 in 10,000). A drop of the stain may be allowed to dry
on the slide and the fluid containing the organisms be placed
on the area and covered with a cover-glass. The stains are
slowly absorbed by the parasites. Neutral red assumes
a bright cherry-red colour in acid and a brown colour in
alkaline media, and thus serves to indicate the reaction of the
substance which it stains.

Eosin is used as an indicator of the life or death of an
organism. It will not stain living cytoplasm, and by running
a dilute solution under the cover-glass the living organisms
can be distinguished from those that are dead.

Cultivation.—Various methods have been adopted to provide
favourable conditions of growth and multiplication, so as to
afford large numbers of a particular organism outside the body
of the host for extensive study or for the purposes of a class.
No artificial medium has so far been discovered in which
GREGARINIDA or Coccrpia will grow: but various methods
have proved successful for the cultivation of blood-inhabiting
parasites, as the malarial parasites and the Piroplasmids.
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These cultures are incubated at 37° to 40° C., and the forms
which appear are those which normally occur in the Vertebrate
host. Bass and Johns (1912) were the first to succeed in
cultivating malarial parasites. Their methods, with slight
modifications, were successfully followed by Ziemann (1913,
1914), J. G. & D. Thomson, (1913), Row (1917), Sinton (1922),
and others. Knuth and Richters (1913), Ziemann (1913,
1914), and Thomson and Fantham (1914) were the first to
apply these methods to the Piroplasmids. The technique of
some of these methods is given below :—

Bass and Johns’s Method.—Withdraw 10 c.c. of malarial blood
from a vein with a syringe, and transfer immediately to a de-
fribinating flask containing 0-1 c.c. of 50 per cent. solution of
dextrose. Defibrinate by stirring with a glass rod. Transfer
the defibrinated dextrose blood to culture-tubes not less than
1:25 cm. in diameter and 12-5 c¢m. in depth. The quantity
of blood in each tube may vary in depth from 2:5 to 5 cm.,
which will give a column of serum 1-25 to 2:5 cm. deep above
the cells, when they have settled to the bottom of the tube.
Incubate the tubes in the vertical position at a temperature
of 40° C. The parasites live and develop in the red blood-
corpuscles just below the surface of the deposit. Carefully
withdraw the cells from this layer by means of a fine pipette
and examine at intervals. The young trophozoites will be seen
to grow into schizonts and break up into merozoites. Some
of these may enter other corpuscles and grow into schizonts,
but as a rule those escaping from the corpuscles are devoured
by the leucocytes. To remove the leucocytes centrifuge
the defibrinated glucose blood at a speed sufficient to cause the
leucocytes to occupy the upper layer of the deposit. Transfer
the supernatant serum to flat-bottomed culture-tubes, filling
to a depth of 1-25 to 2-5 cm. Pass a pipette into the middle
of the deposit in the centrifuge-tube, draw off the red corpuscles
with the parasites, and transfer them to the bottom of the
culture-tubes. In this way, in the absence of the leucocytes,
the parasites may complete two or three cycles ; but it has not
been found possible to cultivate them for more than three
generations. For making subcultures, take normal blood,
treat it in the same manner, and inoculate it by means of
a pipette with infected blood from the previous culture.

Row (1917) and Sinton (1922) have devised modifications
by which the growth of a single generation can be followed with
a few drops of blood. ’

Row’s Method.—Draw the blood from the finger into a small
tube and defibrinate it in the same. Transfer the small
quantity of defibrinated blood by means of a pipette to a small,
flat-bottomed tube containing serum to which the requisite
quantity of dextrose has been added. Place the small tube
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in a larger tube (the ordinary bacteriological potato-tube)
provided with a constriction on which the smaller tube may
rest. In the portion of the outer tube below the constriction
put some solution of pyrogallic acid and add 2 or 3 c.c. of
a 10 per cent. solution of sodium hydrate immediately before
introducing the smaller tube. Cork the larger tube tightly
with a rubber cork. The pyrogallic acid and sodium hydrate
absorb the oxygen, and the culture thus takes place in an
oxygen-free atmosphere.

Sinton’s Method.—A specially constructed tube about 20 cm.
in length is employed (fig. 2). To prepare this apparatus,
take a tube of 0:4 to 0-5 cm. bore. Draw out one end as in
an ordinary pipette and, slipping a narrow metal tube over
the thin drawn-out portion while it is still soft, press upwards
to produce a dilated bulb with its lower surface flattened (B)
and with the thin drawn-out tube arising from it (A). Now
heat the tube a short distance, about 1 cm., above the flattened
surface and draw out till it forms a tube about 6 to 8 cm.
long and 0-2 cm. wide (C). At the upper end of this narrow
tube make a slight constriction (D), and about 0-4 to 0-5 c¢m.
above it make another (E). Drop three glass beads (F)
into the upper part of the tube (G), which is allowed to remain
wider in diameter, and then draw out and bend as in a Wright’s
capsule (H). Keep the upper and lower drawn-out ends sealed
and sterilize the whole tube.

To make the culture, open the tube at both ends, and bend
the upper capillary portion at right angles to the rest, so that
the apparatus may lie on the table with the open upper end
pointing upwards. Insert the upper end into an already
prepared Wright’s capsule containing ascitic or hydroccele
fluid, to which the requisite quantity of dextrose has been added,
and allow the fluid to enter till the upper section is about a third
or half full. Prick the carefully sterilized finger of a malarial
patient, and allow five to ten drops of blood to run into
the fluid in the tube. Now gently heat the dilated part of the
lower end of the tube and seal off the narrow part below it.
The air in the dilated part will cool and the blood-mixture will
be drawn further into the tube. Now seal off the upper end
also. Defibrinate the mixture by shaking the glass beads,
and when this has been completed, swing round the tube
rapidly so as to drive the defibrinated blood-mixture through
the constriction into the lowermost part of the tube, so that
it fills the dilated part and the narrow section above it.
Heat the tube at the constriction above the column of fluid
and seal off. The red corpuscles will settle to the flat bottom.
Incubate the tube in a vertical position at a temperature
of 35° to 38° C. In order to examine, open the tube, withdraw
by a pipette the cells from the lower end, and seal again.
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Maintenance of Parasitic Protozoa in Laboratory Animals.—
In a laboratory strains of parasitic PROT0ZOA may be main-
tained in suitable animals which have been found by previous
examination not to harbour natural parasites of their own.
This method serves the same purpose as cultivation, and it is
easier to maintain a strain in an animal host than in a culture.
Blood parasites, such as the malarial parasites and the piro-
plasmata, can be introduced by inoculating the blood from
an infected to a clean host, and parasites that pass out in the
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Fig. 2.—Sinton’s apparatus for cultivation of malarial parasites in
a small quantity of blood. The small Wright’s capsule
shown on the right contains the ascitic or hydroccle fluid.
(After Sinton.)

encysted condition, such as Cocoipia, can be mixed with the
food and allowed to be ingested. The practice has been
particularly successful in certain special cases.

The malarial parasites of birds can be maintained for a long
time in canaries, sparrows, and other susceptible birds by
inoculating blood from the one to the other. Some birds
acquire heavy and fatal infections and others mild ones from
which they recover. The piroplasmata of dogs are readily
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inoculable from one dog to another, but as fatal infections
are often obtained, a number of animals will be required.
Ticks fed on a dog will remain infective for long periods, and
the parasites can thus be maintained in them. Strains of
Haemoproteus columbz can be maintained in pigeons by
breeding Lynchia maura in the cages in which they are kept.
A fresh pigeon is introduced into the cage from time to time
to hand over the infection from fly to fly. Toxoplasma gondis
is also inoculable to a variety of laboratory animals.

Permanent Preparations of Fixed and Stained Protozoa.—
Although it is important to study the living organisms in the
first instance, the finer details of structure can only be studied
in properly fixed and stained smears or films. Some of the
methods of general application are described below.

Staining under the Cover-slip.—For staining large organisms,
such as the Gregarines, the following method is used :—

Put wax feet at the corners of a square cover-slip, and invert
it over a drop of the fluid containing the organisms. The wax
feet should hold the cover-slip firmly to the slide. With
a pipette run a little fixative at one side of the cover-slip, and
draw it through by holding a piece of filter-paper at the opposite
gide. When the fixative has had time to act, wash it out by
substituting another fluid (alcohol or water, as the case may be)
and draw it through with filter-paper in the same manner.
The stream should not be so violent as to wash away the
organisms, but the substitution should be complete. Then
run in the stain, allow it to act, and wash out and differentiate,
if necegsary controlling the process under the microscope.
Dehydrate and then clear in clove-oil or xylol, and run in a very
fluid Canada balsam. It is very important to see that the trans-
fer from one fluid to another is not too rapid, as otherwise
there is great risk of shrinkage, and also to see that the dehydra-
tion is complete.

The following is an indication of the length of time generally
required, but should be regarded as no more than an indication.
Fix in Bouin’s fluid, 5 min.; wash in 70 per cent. alcohol,
5 min. (several changes); stain in borax-carmine, 5 min. or
more ; dehydrate with 70 per cent., 90 per cent., and absolute
alcohol, 5 min. each, changing the absolute alcohol once or
twice ; clear by running in a mixture of clove-oil and absolute
alcohol and then pure clove-oil ; mount in Canada balsam
by running the same under the cover-slip.

Preparation of Wet Fixed Films.—Films made on slides or
cover-slips may be fixed with one of the fixing fluids, without
being allowed to dry. After fixation the films are washed
free of fixative, and stained and mounted like sections fixed
on slides. The results shown by wet fixed films are far
superior to those shown by dried films, described later. If the
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material to be examined is thick, it should be emulsified with
physiological salt solution. In the case of blood, fluid from
blood or serum culture media, tissues, fwces, in fact any
liquid containing albuminous matter, the film will stick to
the slide or the cover-slip during the processes of fixation and
staining. The usual fixatives and stains are described here-
after.

Staining the Organisms fixed on @ Cover-slip.—Make a number
of smears of the fluid containing the organisms on cover-slips,
and when the fluid has partially dried, invert the cover-slips
and let them float on the surface of the fixative contained in
a dish ; or put a small drop of fluid containing the organism
on a cover-slip and add with a pipette twice the quantity
of hot fixative. When the organisms have been fixed on the
cover-slips, pass successively through the washing fluid,
alcohols, stain, clearing-fluid, etc., all these reagents being
contained in shallow dishes. In all these subsequent stages
put the cover-slips at the bottom of the fluid in the dish,
with the face bearing the organisms upwards. Finally,
remove the cover-slips and put them, face downwards, on
slides on each of which a drop of Canada balsam has been
put. Inthis way quite a large number of smears or preparations
can be fixed and stained in practically the same time as would
be taken to make one preparation.

Fixatives—The following are commonly employed for fixing
the ProTozZOA :—

(1) Concentrated solution of mercuric chloride, hot or
cold : (2) Schaudinn’s sublimate alcohol (2 parts saturated
aqueous solution of mercuric chloride, 1 part absolute alcohol ;
immediately before use, add acetic acid to the quantity to
be used to the strength of 5 per cent.): (3) Zenker’s fluid
(mercuric chloride 5 grm., potassium bichromate 2:5 grm.,
sodium sulphate 1 grm. in 100 c.c. of distilled water, with
2-5 to 5 per cent. of glacial acetic acid added before use) :
(4) Bouin’s fluid (saturated aqueous solution of picric acid
75 parts, formol 25 parts, and acetic acid 5 parts): (5) Bouin’s
alcoholic fixative (picric acid 1 grm., 80 per cent. alcohol
150 c.c., formol 60 c.c., acetic acid 15 c.c.): (6) formalin :
and (7) vapour of 4 per cent. solution of osmic acid. Fixation
is usually complete in 15 to 30 minutes.

Bouin’s fixatives are the simplest to use, as the picric acid
is more easily washed out after fixation than the mercuric
chloride contained in the others. After Bouin’s fixative,
wash the films in several changes of distilled water till all the
picric acid has been removed. In the case of alcoholic Bouin,
if an aqueous stain is to be used, commence washing in
70 per cent. alcohol and, passing the film through graded
alcohols, bring down to distilled water. After Schaudinn’s
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fluid, wash in several changes of 70 per cent. alcohol to remove
the mercuric chloride ; then wash in 70 per cent. alcohol to
which a few drops of Wiegert’s iodine solution have been
added ; finally, wash in 70 per cent. alcohol to which a drop
of 1 per cent. solution of sodium thiosulphate has been added,
in order to remove all traces of iodine. Bring down through
successive grades of alcohol into distilled water if it is desired
to use a watery stain; a stay of a few minutes in each solution
willsuffice.  After fixation with Zenker’s fluid, wash successively
with distilled water, distilled water with a few drops of iodine
solution, distilled water with a trace of 1 per cent. solution
of sodium thiosulphate, and distilled water.

Staining Methods—The following stains are usually employed
for staining PrRoTOZOA :—

Boraz-carmine.—Fix in Bouin’s fluid for 10 to 20 minutes
according to bulk and permeability. Wash out in 70 per cent.
alcohol (several changes). Stain in borax-carmine till
thoroughly penctrated ; 15 minutes are usually enough
for small objects. Differentiate in acid alcohol (70 per cent.
alcohol to which hydrochloric acid is added to the strength
of 1 per cent.), controlling under the microscope. Dehydrate
in 90 per cent. to absolute alcohol. Put in a mixture of clove-
oil and absolute alcohol, equal parts. After a few minutes
transfer to pure clove-oil, and leave there till cleared. Mount
in Canada balsam.

Delafield’s Haematoxylin.—Fix in Schaudinn’s fluid. Wash
in 30 per cent. alcohol, and bring down through 10 per cent.
alcohol to distilled water. Add a few drops of Delafield’s
heematoxylin solution to a watch-glass full of distilled water.
Leave in stain for a few minutes to an hour or more according
to bulk. Bring up from distilled water through ascending
grades of alcohol to 70 per cent. alcohol; differentiate in
70 per cent. acid alcohol. Dehydrate : clear ; mount.

Heidenhain’s Iron Hamatoxylin—Fix in Schaudinn’s fluid
for 10 to 30 minutes, according to the size and permeability
of the object. Bring down to 30 per cent. and 10 per cent.
alcohol to distilled water. Wash out the fixative thoroughly.
Transfer to 4 per cent. solution of the violet crystals of iron
alum (sulphate of iron and ammonium) in distilled water for
} hour to 12 hours according to the size of the organisms.
Stain in Heidenhain’s aqueous haematoxylin solution (about
0-5 per cent.) for 30 minutes to several hours. Wash in distilled
water. Differentiate in 1 per cent. iron alum solution till
the granules in the nuclei are distinct, the films being removed
into distilled water and examined on a slide with the micro-
scope from time to time. When differentiation is complete,
wash in several changes of distilled water and then for half
an hour or more in running tap-water. Counterstain, if
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desired, with a 1 per cent. solution of eosin or orange G.
Dehydrate by bringing through graded alcohols to absolute
alcohol. Clear in xylol. Mount in Canada balsam.

Dobell’s Iron Hematein.—Fix in Schaudinn’s fluid. Bring
down through 30 per cent. and 10 per cent. alcohol to distilled
water. After washing, bring up through various grades of
alcohol to 70 per cent., and from that transfer to 1 per cent.
solution of iron alum in 70 per cent. alcohol for 10 minutes
(the solution is made by dissolving 1 grm. iron alumn in 23 c.c.
warm distilled water and adding 77 c.c. of 90 per cent. alcohol).
Rinse in 70 per cent. alcohol. Stain in 1 per cent. solution
of hematein in 70 per cent. alcohol for 10 minutes. Rinse
in 70 per cent. alcohol. Differentiate films in original alum
solution and sections in 70 per cent. acid alcohol. Wash in
several changes of 70 per cent. alcohol. Dehydrate ; clear ;
mount. The whole process may be carried out in 30 minutes.
Light green in 90 per cent. alcohol may be used as a counter-
stain.

Mayer's Hamalum.—To prepare the stain dissolve 1 grm.
of ha@matin in 50 c.c. of 90 per cent. alcohol, dissolve 50 grms.
of alum in 1000 c.c. of water, and mix up the two solutions.
Keep a crystal of thymol in the bottle to prevent growth
of fungi, etc.

When using the stain, add a few drops of the stain to a Petri
dish of distilled water, and leave the films in for several hours
or overnight. Wash the films in running tap-water till they
are quite blue. Dehydrate by bringing up though various
grades of alcohol to absolute alcohol. Clear in xylol and
mount in Canada balsam.

Mayer’s Acid Hamalum.—This strain is prepared from
Mayer’s hemalum by adding acetic acid to a strength of
2 per cent. It is used in the same manner, but has less
tendency to overstain.

It overstaining occurs with either of the above stains,
place the films in acid alcohol. After they are decolorized,
wash the films well in running water till the acid is completely
neutralized and they are blue.

Mallory’s Eosin and Methylene Blue.—This is recommended
for sections of tissues containing parasites. Fix in Zenker’s
fluid. Wash out the fixative in running water for several
hours. Stain in warm 5 per cent. aqueous solution of eosin
for 20 minutes or longer, wash in water, and stain in Unna’s
alkaline methylene-blue solution diluted with 4 or 5 parts of
water for 10 to 15 minutes. Wash in water, differentiate in
95 per cent. alcohol, controlling under a microscope, until
sections are pinkish but nuclei deep blue. Dehydrate quickly
and mount.

Mallory’s Triple Stain.—This is also recommended for
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sections. Fix in Zenker’s fluid. Thoroughly wash out the
fixative for several hours in gently running water. Stain
sections in 0-5 per cent. aqueous solution of acid fuchsin for
2 to 4 minutes, and transfer to the second solution (consisting
of aniline blue soluble in water (Griibler) 0-5 grm., orange G
(Griibler) 2 grm., 1 per cent. aqueous solution of phosphomo-
lybdic acid 100 c.c.) for 10 to 20 minutes or longer. Wash
and differentiate the sections in tap-water, dehydrate rapidly,
clear, and mount. Lund (1933) recommends Zenker’s fluid
with 2-5 per cent. acetic acid, staining the sections for 2 minutes
in Mallory No. 1 and 1 minute in Mallory No. II, then dipping
rapidly into 95 per cent. and absolute alcohol, blotting quickly
between each change, and then clearing in xylol for about
3 minutes.

Preparation of Dried Films on Slides.—Films of blood, in-
testinal contents or other fluids containing parasites are usually
made for diagnostic purposes. Films of solid organs, such
as the liver or the spleen, are made by smearing a piece of the
organ lightly across the slide or dabbing the slide with the
freshly-cut surface. The film is dried as rapidly as possible
by waving it in the air. Distortion and disintegration of the
parasites may take place in the process of making the films
and subsequent drying; to avoid this expose the film to
osmic acid vapour for ten to fifteen seconds before allowing
it to dry.

Thin Blood-films.—To make blood-films take perfectly clean
glass-slides, free from any trace of grease, and lay them flat
on a clean piece of paper. Sterilize a needle in the flame,
and prick the dorsum of a finger just below the root of the nail.
Pick up one of the clean slides, invert it, and towards one end
just bring it in contact with the oozing blood. Too large
a drop must not be taken. Re-invert the slide on the table
and, taking another slide, with a smooth even edge as a spreader
hold in at an angle of 45°, touching the drop so that a thin
film of blood runs between the edge of the spreader and the
slide. When the blood has spread along the edge, push the
spreader fairly rapidly toward the other end. The blood must
follow the spreader and not be pushed before it. A thin
film will result covering about one-half of the slide. Allow
the film to dry in air, covering it, if necessary, with a Petri
dish to protect it from flies, dust, etc. 1n monsoon weather
haemolysis may take place before the film has time to dry,
and at such times the film should be held, as soon as made,
over a spirit-lamp flame to dry. Films are usually stained
by one of the modifications of Romanowsky’s stain.

Staining the Dried Blood-films.—The films, as prepared
above, may be stained with the original Romanowsky’s stain,
or with one of the many modifications, such as Leishman’s
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stain or Giemsa’s stain. The action of all such stains depends
on certain loose chemical combinations. Medicinal (not
pure) methylene-blue contains a number of oxidation products,
the most important of which is methylene-azur. When watery
or alcoholic solutions of methylene-blue and of eosin are mixed
together a series of loosely combined chemical bodies are formed.
These different compounds possess different affinities for
different cell-structures, and thus differential staining results.
The red blood-corpuscles stain a transparent pink or orange
colour ; the nuclei of leucocystes, shades of violet ; eosinophile
granules in the coarsely granular leucocytes, red ; the cyto-
plasm of malaria and other blood-inhabiting protozoal parasites
a bright “ Cambridge ” blue, and their chromatin a bright
ruby-red.

The Original Romanowsky’s Stain.—In large laboratories the
original Romanowsky’s stain is still employed, as it is more
economical than Leishman or Giemsa. Two stock solutions are
needed. For preparing Solution A take medicinal (not pure)
methylenc-blue 1 grm., pure sodium carbonate 0-5 grm.,
distilled water 100 c.c., dissolve and place the stain either in
the 37° C. incubator or in full sun-light for 2 or 3 days. The
solution should acquire a deep purple colour before it is ready
for use. For Solution B, dissolve eosin, extra B.A., water
soluble 0-1 grm. in 100 c.c. of distilled water.

Fix the film for 5 minutes in methyl alcohol, or for 10 minutes
in ordinary alcohol. Wash with distilled water and transfer
to a clear Petri dish. Dilute 1 part of solution A with 19 parts
of distilled water. Similarly dilute 1 part of solution B with
19 parts of distilled water. Mix equal parts of the diluted
solutions A and B, and pour the mixed stain, immediately
after mixing, into the Petri dish to cover the slide. Stain for
half an hour or longer. On tilting the Petri dish a red stain
should be seen at the edge, which will indicate that the
staining is proceeding properly. Wash off the stain with
distilled water and differentiate in a bath of distilled water.
When the film commences to turn pink, remove from the
bath and allow it to dry by slanting it against a vertical
surface.

Leishman’s Stain.—To prepare the stain thoroughly clean
a glass (not porcelain) pestle and mortar and rinse out the
mortar with a little pure methyl alcohol. Weigh out 0-15 grm.
of Leishman’s stain powder (Merck’s or Griibler’s). Measure
into a perfectly clean glass cylinder 100 c.c. of methyl alcohol,
purissimum, acetone-free (Merck’s). Add a little of the alcohol
to the stain in the mortar and grind. Add more alcohol and
grind. Drain off the dissolved stain into a stoppered bottle.
Continue to add the alcohol in portions and grind until every
particle of the stain has gone into solution, and use the full



48 SPOROZOA.

100 c.c. of methyl alcohol. Next ripen the stain by placing
the bottle of stain overnight (but not longer) in the 37° C.
incubator.

In order to stain, lay the blood-film, film side upwards, on
a staining rack. Drop the stain on to the slide until the
whole surface is covered with the stain. The methyl alcohol
in the stain fixes the film. This takes half a minute only ;
after that interval drop on to the slide double the number of
drops of pure distilled water. By tilting the end of the slide
allow the water and stain to mix thoroughly, and allow the stain
to act for 5 minutes or more. Wash the stain off by immersing
the slide in distilled water. Put the slide to soak in a clean
Petri dish containing fresh distilled water and rock gently.
The film turns at first greenish-blue, then pink. This takes
about half a minute or less. When the film is just turning
pink remove the slide and lean it against a vertical surface
to dry.

Giemsa’s Stain.—To prepare the stain grind in a glass mortar
with a glass pestle 3 grm. of azur-IT-eosin and 0-8 grm. of
azur-II (Griibler’s or Merck’s) into thorough solution in 250 c.c.
of the purest anhydrous glycerine. Add 250 c.c. of the purest
acetone-free methyl alcohol and mix thoroughly. Allow to
stand overnight and next day filter the stain through filter
paper. Prepared Giemsa’s stain is stocked by many firms,
and is also supplied by the Central Research Institute, Kasauli.

Fix the film by covering it for 3 to 5 minutes with pure
methyl alcohol or by dipping it for 10 minutes into absolute
alcohol, and wash thoroughly in distilled water. Dilute
1 part of Giemsa’s stain with 14 parts of distilled water
(10 or 15 drops in as many c.c. of distilled water), and pour
it over the slide placed in a Petri dish. Stain for half an hour
or longer. Remove the slide, flush with distilled water, and
put it in a bath of fresh distilled water until it commences to
turn pink. Remove the slide and let it dry by leaning it
against a vertical surface.

The Panoptic Method of Staining.—Lay the slide on a stain-
ing rack and cover it for half a minute with undiluted Leish-
man’s stain ; dilute the stain with double the number of drops
of distilled water, and allow to stain for 5 or 10 minutes.
Wash the film with distilled water. Then lay the slide in
a Petri dish and flood with diluted Giemsa’s stain, one drop to
each c.c. of water. Stain for 1 to 24 hours, covering the
Petri dish to prevent evaporation. Wash the film with distilled
water and transfer it to a bath of 1 in 1000 acetic acid. When
the film begins to turn pink, remove, wash rapidly with dis-
tilled water, and slant the slide against a vertical surface to dry.

A more rapid alternative method is as follows :—Cover the
film with undiluted Leishman’s stain for half a minute ;
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dilute the stain with double the volume of diluted Giemsa’s
stain, one drop to each c.c. of water, and mix thoroughly.
Differentiate in distilled water, as in the case of Leishman’s
stain.

Thick Blood-films.—The thick film method is specially
applicable to those cases in which the patient has already taken
a small dose of quinine and the malarial parasites are apt to
be missed in thin films. Knowles (1928) recommends taking
three thin films and one thick one from every suspected case
of malaria. The thin films are stained and examined whilst
the thick film is drying, and if no parasites are detected in the
thin films the thick film may be proceeded with. Knowles
and Das-Gupta (1924 a) advocate the following method for
preparing thick films :—Take a perfectly clean slide, prick the
patient’s finger, and bring the slide into contact with the
issuing blood so that four drops are placed at the corners of
a small square about half an inch across. The drops should
not be too large nor too small. With a round needle pool
the four drops so as to spread the film into an even thick film
covering the half-inch square. Puddling should be avoided
and the film must not be made too thick. The film should be
kept covered, and will take about two hours to dry. Lay the
slide on a staining rack and dehsmoglobinize the film by
gently flooding the slide with a mixture of 2:5 per cent.
solution in distilled water of glacial acetic acid, 4 parts, and
2 per cent. solution in distilled water of crystalline tartaric
acid, 1 part. The deh@®moglobinized film should have a grey-
white colour. As soon as the process is complete drain off
the fluid by gently tilting the slide. Next flood the slide with
methyl alcohol and allow it to remain on for 3 to 4 minutes.
Drain off the methyl alcohol and wash the film thoroughly in
distilled water so as to remove every trace of acid. Stain with
diluted Giemsa’s stain, one drop to each c.c. of water, for
15 minutes or longer. Differentiate in the usual way with
distilled water. Do not blot the film, but let it dry by
slanting it against a vertical surface.

SPOR. E



50 SPOROZOA.

Phylum PROTOZOA..

Class SPOROZOA Leuckart, 1879.

Protozoa which are exclusively parasitic in their mode of
life, and live in the cells or body fluids of Vertebrate or Inverte-
brate hosts. They produce resistant spores at some stage
or another of their life-cycle.

The general organization of the class and the basis of classi-
fication into subclasses and orders has already been discussed.
Following Reichenow, the class SPOROZOA is divided into
four subclasses, as follows :—

1 (2). Trophic and reproductive phases typi-
cally distinct ; trophozoite becoming
fully developed before reproduction [Schaudinn, p. 50.
begins. Sporozoites are Gregarinule . Telosporidia
2 (1). Trophic and reproductive phases usually
overlap ; the still-growing or even quite
young trophozoite may begin to form

spores. Sporozoites aro Amoebule ... 3.
3 (4). Spores with one or more thread-cap- [p. 328.
BUlOB « vttt i i Cnidosporidia Doflein,
4 (3). Spores without thread-capsules ....... 5.

5 (6). Cysts forming long rod-like masses
(Miescher’s tubes). Spores crescentic,
with one end rounded and the other

pointed. Parasites of striped muscle [p. 361.

of Vertebrates .............oovvvnns Sarcosporidia Balbiani,
6 (5). Spores large, containing a single volumi-

nous nucleus. Simple type of develop- [& Mesnil, p. 369.

MONb o v vt viinet ittt eeiinnianann Haplosporidia Caullery

I. Subclass TELOSPORIDI A Schaudinn,
1900.

TELOSPORIDIA are SPOROZOA in which the trophic and
reproductive phases are typically distinct, the animal becoming
full grown before either asexual reproduction (schizogony) or
sexual reproduction (gamogony or sporogony) begins.

The great majority are intracellular parasites, at least
during part of their life-history. The parasites are uninucleate
in the early period of growth. During growth (as in Coccipia
and HazMOSPORIDIA), or after growth is completed (as in
GREGARINIDA), the nucleus divides by repeated mitotic
divisions, and the organism breaks up into as many daughter
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individuals as the number of nuclei. This process of multiple
fission may be an asexual process (schizogony), and the resulting
daughter individuals (merozoites) will grow into adult tropho-
zoites, or the daughter individuals may all be gametes. In
the former case also, after schizogony has been repeated
a number of times, some of the merozoites develop into
gametocytes, which give rise to gametes. The gametes
conjugate, the process being known as syngamy, and form
zygotes. The zygote then becomes enclosed in a resistant
cyst, known as the odcyst. Inside the odeyst the zygote
may either divide directly into a number of motile vermiform
bodies called sporozoites, or the zygote may first divide into
separate bodies called sporoblasts, which become encysted in
secondary cysts known as sporocysts ; within each sporocyst
the sporoblast gives rise to a number of sporozoites and
a residual body. The mature odeyst of this latter type thus
contains a number of sporocysts, each containing many
sporozoites.

The infection of a new host is brought about by the con-
taminative or inoculative method, and the sporozoites seek
their way to the particular type of cell which they usually
parasitize, viz., an epithelial cell (GrREGARINIDA, CoccIDIA)
or a blood-corpuscle (Hazmosporipia). The adult forms of
GREGARINIDA are invariably extracellular or lumen dwelling,
young growing stages alone being intracellular. Adult forms
of Coccipia and H&EMOSPORIDIA are persistently intracellular,
young, adult, and reproductive phases all occurring inside
ahost-cell. Inthe majority of GREGARINIDA (EUGREGARINARIA),
the sporozoite grows directly into a gametocyte which produces
gametes. In the ScHIZOGREGARINIDA schizogony also takes
place. In the Coccipia and HaEMOSPORIDIA regular alterna-
tion of the asexual method or schizogony, and the sexual method
or sporogony, is the rule, and this alternation of generations
frequently takes place in two distinct hosts. In GREGARINIDA
and the HamosPorIDIA the sporozoites are formed directly
by divisions of the zygote; in Coccipia the zygote encysts
and divides into sporoblasts which become sporocysts, and the
oieyst thus contains a number of sporocysts, inside which the
sporozoites are developed. When sporocysts are present,
the odcyst is termed sporocystid, and, according to the
number present, is described as disporocystid, tetrasporocystid,
or polysporocystid. The sporocysts are described as monozoic,
dizoic, tetrazoic, octozoic, etc., according to the number of
sporozoites present in each.

The subclass is divided into three orders, as follows :—
Mature trophozoite extracellular, large ;

zygote non-motile; sporozoites within [em. Doflein, p. 52.

BBPOTO « o vvtterniintitnenteeaaaeans Gregarinida A. Schneider,
E2
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Mature trophozoite intracellular and small.
Zygote non-motile ; sporozoites within

BBPOIO v ueeiiiiiiiai s Coceidia Leuckart, p. 113.
Zygote motile;  sporozoites without [sky, em. Doflein, p. 209.
envelope. .......c.ovviinn R Hamosporidia Danilew-

I. Order GREGARINIDA A. Schneider,
emend. Doflein, 1901.

The GREGARINIDA are chiefly ceelozoic or lumen-dwelling
parasites of Invertebrates, especially Arthropods and Annelids,
usually inhabiting the digestive tract, less frequently the
ceelome or the vascular system. They are typically intra-
cellular only in the ecarly part of their growth, 4. e., in the

E

Fig. 3.—Life-cycle of a typical Eugregarino. A, syzygy; B, union
of two sporonts; O, encystment of the two sporonts and
nuclear multiplication in each; D, arrangement of the
nuclei on the surface (pearl stage); kK, gamete formation ;
¥, gamotos sot froe and their union in pairs; @G, cyst con-
taining tho spores; H, liberation of the spores through the
sporoducts. (From Reichenow, after Rahler, Schnitzler, and
Schellack.)

trophozoite stage. Later they leave the epithelial cell and
develop into more or less elongate motile adults, usually
referred to as Gregarines. The vast majority of the GREGARI-
NIDA do not show asexual reproduction or schizogony, and
multiplication takes place solely by sporogony following
upon gametogony. The adult Gregarines or sporonts are
gametocytes, but do not show a differentiation into male or
female gametocytes, which is a characteristic feature of the
Cocorpia and the Hamosporipia. The gametocytes associate
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in pairs, and both produce an equal number of gametes, which
are usually equal in size though not always in character,
since those arising from one gametocyte may behave as male
gametes and those from the other as female gametes. Con-
jugation thus takes place between similar or dissimilar gametes
(isogamy or anisogamy). Inasmall group, however, schizogony
takes place as well as sexual reproduction, and the order is
divided into two suborders on this basis. Thus:

No schizogony .......... Suborder Eugregarinaria Doflein, p. 53.
Schizogony takes place ... Suborder Schizogregarinaria Léger, p. 111.

I. Suborder EUGREGARINARIA Doflein, 1901.

This suborder includes the majority of the so-called Gre-
garines, which are usually parasites of Arthropods or Annelids.
The sporocyst, after gaining entrance to a suitable host,
germinates and sets free the sporozoites, which enter the
epithelial cells of the digestive tract. There they grow large
and protrude from the host-cells, remaining attached to them
by an organ of attachment, called the epimerite, of varied form.
These trophozoites sooner or later become detached from the
cells of the host and move about in the lumen of the gut,
where they are usually encountered as large and vermiform
bodies exhibiting a gliding movement. In one group, the
SEPTATA, the main body is divided into two parts, which are
distinctly marked off from each other by an ectoplasmic
septum. The smaller anterior part is known as the protomerite,
and the larger posterior part the deutomerite. The latter
contains a single nucleus. In the other group, the HarLocyTa,
the body is not divided by a septum, and consists of a single
chamber. In thislatter group the sporozoites penetrate the wall
of the gut and enter the body-cavity, forming cysts on the
ceelomic side of the intestinal wall, or develop as free forms
inside the seminal vesicles or other parts of the body-cavity.

The trophozoites increase in size and are then known as
gametocytes ; these then encyst in pairs. Within the cyst-
membrane each gametocyte gives rise to a large number of
gamectes, which may be isogamous or anisogamous. Kach of
the gametes formed from one gametocyte unites with one
formed from the other, and a large number of zygotes are
the result. Each zygote becomes surrounded by a resistant
membrane (odcyst or sporocyst), and its contents produce
usually eight sporozoites.

The suborder is divided as follows :—
[kester, p. 54.

Trophozoite single-chambered ........ Legion Haplocyta Lan-
Trophozoite divided by an ectoplasmic p- 89.
SOPLUIN .+t vvinnenntiiiiinnnnanaans Legion Septata Lankester,
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1. Legion HAPLOCYTA Lankester, 1885

(= AcepHALINA Keelliker or MoNoCYSTIDEA Stein+-Lecudi-
nidee and other primarily Dicystid forms).

The EUGREGARINARIA are usually divided into ACEPHALINA
and CEPHALINA on the basis of the absence or presence of
an cpimerite. Hesse (1909), Bhatia (1924), and Cognetti
(1921, 1925, and 1926) have shown that a fairly large number
of Monocystids also possess an organ of attachment or epimerite.
An epimerite is also present in the family Lecudinidae (= Dolio-
cystidee), but the body is not divided into a protomerite and
a deutomerite. Brasil (1908 and 1909) discussed the relation-
ship of Doliocystis with Lankesteria and other admittedly
Monocystid forms. Minchin (1903) considered it purely
amatter of definition whether Doliocystidee should be considered
as CEPHALINA without a septum, or as MONOCYSTIDEA with
an epimerite. I have elsewhere (1924, p. 508) discussed the
grounds for classifying the EUGREGARINARIA into HAPLOCYTA
and SEPTATA, and for placing the Doliocystidee under the
former.

The legion HarrLocyTa may be divided into two tribes,
as follows :—

1. Producing sporocysts with similar poles.

Generally ceelomic parasites of Oligo- [p. 64.

Ch®etes .....viiiiiiiiiniieinnnnnenns Homopolaridea Bhatia,
2. Producing sporocysts with dissimilar poles.

Intestinal or coclomic parasites, usually of [Bhatia, p. 82.

marine animals ........ooveiiennnenn. Heteropolaridea

1. Tribe HOMOPOLARIDEA Bhatia, 1930
(=Family HomoroLaRIDZE Dogiel).

Sporocysts with similar poles. Generally ccelomic parasites
of terrestrinl Oligocheetes. The tribe comprises eight families
(vide Bhatia, 1930), of which representatives of six are at
present known from India.

Identification T'able of Families.
1 (12). Sporocysts biconical, with similar, non-

appendiculate poles, octozoic .......... 2,
2 (11). Sporocysts not provided with spines at
either extremity ......... 3.

3 (10). Trophozoite simple
4 (9). Trophozoite solitary

4.
5. [Bhatia, p. 55.

6 (6). Trophozoite without any differentiation [Stein, emend.
at the anteriorend .................. Monocystidee
6 (5). Trophozoite with a differentiation at the

anteriorend ...........c0iiiiiiiian, 7.
7 (8). Trophozoite with a conical or cylindro- [Bhatia, p. 65.
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8 (7). Trophozoite with a sucker-like differentia- [Bhatia, p. 68.
tion at the anteriorend .............. Stomatophorids
9 (4). Adult trophozoites always associated in [Bhatia, p. 72.
POITS ot vttt iaie et aa., Zygocystide
10 (3). Trophozoite branching at the anterior [Bhatia, p. 73.
=Y 61 Aikinetocystidee
11 (2). Sporocysts provided with spines at either [Bhatia.
OXETOMILY .+ ovvvivrrerrieeiiiiiaaa. Syneystidee *
12 (1). Sporocysts not biconical. Trophozoites
with or without an epimerite .......... 13.
13 (14). Sporocysts oval or spherical. Gametes [Bhatia, p. 76.
net differentiated ......... ..l Diplocystidee
14 (13). Sporocysts spherical. Gametes differenti- | Poche.
Y 7 Schaudinellidee *,

1. Family MONOCYSTIDZA Stein, emend.
Bhatia, 1930.

Trophozoites oval, spherical or elongated, without any
differentiation at the anterior end, solitary. Sporocysts
biconical, with similar, non-appendiculate poles, octozoic.
The family includes four genera (vide Bhatia, 1930), of which
three are known from India.

Key to Indian Genera.

1 (4). Trophozoite ovoid or spherical ....... 2. [p. 56.
2 (3). Trophozoite ovoid ........ccovvun... MonocysrTIs Stein,
[p. 69.
3 (2). Trophozoite spherical ............... ArorocysTis Cognetti,
4 (1). Trophozoite elongated, cylindrical, like [p. 60.
a Nematode worm ................. NemATOCYSTIS Hesse,

Genus MONOCYSTIS Stein, 1848, emend. Hesse, 1909,
and Cognetti, 1923.

Monocystis, Stein, 1848, pp. 183-223; Lankester, 1863, p. 93;
1866, pp. 23-8; 1872, pp. 342-51; Buitschli, 1880-2, p. 576 ;
Ruschhaupt, 1885, pp. 1-38; Bosanquet, 1894, pp. 421-33;
Labbé, 1899, p. 38 ; Cuénot, 1901, pp. 5681-654 ; Cecconi, 1902 a,
pp- 132-5; 19025, pp. 122-40; Minchin, 1903, pp. 154-66;
Brasil, 1905 a, pp. 17-38 ; 1905 b, pp. 69-99 ; Hesse, 1909, p. 44 ;
Hoffmann, 1909, pp. 139-66 ; Mulsow, 1911, pp. 20-55 ; Minchin,
1912, pp. 23, 174, 328, 331, 332, 333, 336, 339 ; Cognetti, 1923,
Pp. 250-3 ; Berlin, 1924, p. 14 ; Cognetti, 1925, p. 229 ; Wenyon,
1926, p. 1147 ; Calkins & Bowling, 1926, pp. 385-99 ; Knowles,
1928, p. 499 ; Reichenow, 1929, p. 886 ; Bhatia, 1929, p. 122;
1930, p. 168 ; Kudo, 1931, pp. 57, 74, 293 ; Calkins, 1933, pp. 99,
100, 309, 559. '

Trophozoites ovoid, without marked differentiation anteriorly,
often provided at the anterior pole with a mucron, solitary.
Sporocysts as defined for the family.

* placed after the name of a family indicates that no representative
of the family has a8 yet been recorded from India, Burma or Ceylon.
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Key to Indian Spectes.

1 (3). Nucleus spherical, with a large central
karyosome ........... i, 2.
Trophozoites fusiform or variablein form,
often with a clear eylindrical process at
one ond, 100-150u by 30-40u. Gameto- [p. 56.
cysts spherical, 80-100 x in diametor .. M. beddard: Ghosh,
3 (1). Nucleus spherical or oval, with an irregu-

lar or eccentric karyosome .......... 4.
4 (6). Nucleus with a large irregular karyo-
some, consisting of several masses ... 5.

5. Trophozoites oval, or elongated and
club-shaped, 40-80pu by 12-30 u.

Gametocysts irregularly hemispherical, [p. 67.

70-80 p in diamoter ................ M. bengalensis Ghosh,
6 (4). Nucleus spherical or oval, with an

eccentric karyosome................ 7.

7 (8). Trophozoites rounded or oval when
young, fusiform when mature, 100pu
in length. Gametocysts spherical or [p. 68.
oval, 84 4 in diameter .............. M. lloid: Ghosh,

8 (7). Trophozoites variable in form, attaining
a size up to 220 by 50 u. Gameto- [p. 68.
cysts spherical, 80 u in diameter...... M. pheretimi Bh. & Ch.,

1. Monocystis beddardi Ghosh. (Fig. 4.)

tMonocystis beddardi, Ghosh, 1923, pp. 425-7, figs. 9-13.
Monocystis beddardi, Bhatia, 1929, p. 123.

Trophozoites elongately fusiform when young, fusiform
or variable in form when mature. Body often with a clear

Fig. 4.—Monocystis beddardi Ghosh. (After Ghosh.)

cylindrical process at one end. Surface smooth. Ectoplasm
very thin. Endoplasm highly granular, with paramylon
grains. Change of shape involves the formation of a bulbous
swelling, which occupies a large portion of the body, with

1 prefixed to a reference indicates that the record oi’ the species
from India, Burma or Ceylon is based on it.
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rapid in-pouring of the paramylon grains into it, and the
swelling gradually disappears, to be formed again; the
parasite now assumes a rounded shape, with or without
a narrow process at one or both ends. Nucleus spherical,
with a large central karyosome. Gametocyst spherical, with
hemispherical or irregularly oval gametocytes. Sporocysts
typical.

Dimensions.—Trophozoite 100-150y in length and 30—40p
in width; gametocysts 80-100u in diameter; sporocysts
12-5p in length.

Remarks.—Dr. K. N. Bahl sent me some preparations of the
contents of the seminal vesicles of Eutyphaus sp. In these
are a large number of trophozoites and other stages of a Mono-
cystid referable to M. beddardi Ghosh. There are, in addition,
numerous specimens referable to Dirhynchocystis globosa
(Bhatia & Chatterjee). Ghosh in his description of M. beddardi
describes the parasite as assuming a rounded shape, with or
without a narrow process at one or both ends. It is possible
that he found specimens of D. globosa occurring along with
M. beddardi and considered them merely as contracted stages
of the latter. But the processes in Dirhynchocystis are clearly
marked off from the body, and not as represented by Ghosh
in his figs. 12 and 13.

Habitat.—Seminal  vesicles of Hulyphoeus mnicholsoni
(Beddard) : BENGAL, Calcutta; Eutypheeus sp.: UNITED
ProviNCES, Lucknow.

2. Monoeystis bengalensis Ghosh. (Fig. 5.)

T Monocystis bengalensis, Ghosh, 1923, pp. 423-5, figs. 1-7.
Monocystis bengalensis, Bhatia, 1929, p. 123.

Trophozoites oval when young, later elongated and club-
shaped. Anterior end wide and rounded. Posterior end

. B.
Fig. 5.—Monocystis bengalensis Ghosh. A, trophozoite ; B, cyst
with two sporonts. (After Ghosh.)

narrow and rounded. Surface smooth. Ectoplasm very thin.
Myonemes barely visible in stained specimens. Endoplasm
highly granular, with large irregular-shaped paramylon
grains. Nucleus rounded, with a large irregular karyosome,
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consisting of several compact masses. Movement slow and
peristaltic. Gametocytes rounded or oval. Gametocysts
irregularly hemispherical, apposed to each _other by their
flat surfaces. Sporocysts and sporozoites typical. )

Dimensions.—Trophozoite 40-80u in length, 12-30u in
width ; gametocysts 70-80y in diameter.

Habitat.—Seminal vesicles of Pheretima posthuma (L.
Vaill.) : BENGAL, Calcutta.

3. Monoeystis lloidi Ghosh.

TMonocystis lloidi, Ghosh, 1923, p. 425.
Monocystis lloids, Bhatia, 1929, p. 123.

Trophozoites rounded or oval when young; somewhat fusi-
form, about one-third longer than broad, when mature.
Anterior end more rounded than the posterior. Surface
smooth. Ectoplasm distinct and comparatively thick. Endo-
plasm finely granular, with scattered, coarse granules.
No distinct paramylon grains. Nucleus with a small eccentric
karyosome. Movement brisk and peristaltic. Gametocysts
spherical or oval. Sporocysts and sporozoites typical.

Dimensions.—Trophozoite 1004 in length ; gametocysts 84
in diameter.

Habitat.—Seminal vesicles of Pheretima posthuma (L.
Vaill.) : BencaL, Calcutta. Rare.

4. Monocystis pheretimi Bhatia & Chatterjee. (Fig. 6.)

TMonocystis pheretimi, Bhatia & Chatterjee, 1925, pp. 199-200,
figs. 20, 21, 28, 29.
Monocyatis pheretimi Bhatia, 1929, p- 123.

Trophozoites variable in form, spherical, ovoid, ellipsoidal

Fig. 6.—Monocystis pheretimi Bh. & Ch. (After Bhatia and Chatterjee.)
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or dumbbell-shaped, showing active movements. Para-
glycogen grains few. Epicyte thin, without striations.
Sarcocyte well developed. Myocyte fibrils delicate. Endo-
plasm excavated by vacuoles. Nucleus generally spherical,
sometimes ovoidal, with a single spherical karyosome, placed
eccentrically. Gametocysts spherical. Sporocysts and sporo-
zoites typical.

Dimensions.—Trophozoites attain a size up to 220u by
50 u ; gametocysts 80 p in diameter.

Habitat.—Seminal vesicles of Pheretima posthuma (L.
Vaill.) : Punsas, Lahore ; BomBAy, Bombay.

Genus APOLOCYSTIS Cognetti, 1923.

Apolocystis, Cognetti, 1923, p. 253; 1925, p. 231; Reichenow,
1929, p. 887 ; Bhatia, 1929, p. 124; 1930, p. 158 : Troisi, 1933,
pp- 336—42; Calkins, 1933, p. 559.

Trophozoites spherical, without any marked principal axiy,
and without polar differentiation, solitary. Sporocysts as
in the family.

5. Apolocystis matthaii (Bhatia & Setna). (Ifig. 7.)

tMonocystis matthaii, Bhatia & Setna, 1926, pp. 362-4, figs. 1-4, 25-27.
Apolocystis matthaii, Bhatia, 1929, p. 124.

Trophozoites most commonly spherical, sometimes ovoid
or kidney-shaped, not covered by hairs. Epicyte thin and
not showing any meridional striations. Sarcocyte hyaline
and little developed. Myocyte fibres not distinguishable.
Endoplasm very dark, being finely granular, the alveoli

Fig. 7.—Apolocystis matthaii (Bh. & Set.). (After Bhat a and Setna.)

compactly arranged and with large grains of reserve material.
Nucleus spherical, with single spherical karyosome, placed
eccentrically. Gametocysts ellipsoidal.
Dimensions.—Trophozoites attain a size up to 238p;
gametocysts up to 468 w in their longer diameter.
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Remarks.—Instances of solitary encystment and, more
rarely, cysts containing three individuals were encountered.
I have emended the spelling of the specific name to make it
conform correctly to that of the person to whom the species
is dedicated.

Habitat.—Seminal vesicles of Megascolex trilobatus (Steph.) :
BowmBaY, Bombay.

Genus NEMATOCYSTIS Hesse, 1909.

Nematocystis, Hesse, 1909, p. 45 ; Cognetti, 1918, p. 149; 1921 a.
pp. 163-4; 1921 b, pp. 552—4 ; Berlin, 1924, pp. 67-8, 74, 83-7 ;
Cognetti, 1925, p. 231 ; Bhatia & Chattorjee, 1925, pp. 193-7 ;
Bhatia & Setna, 1926, pp. 364-7; Reichenow, 1929, p. 887;
Bhatia, 1929, pp. 124-5; 1930, p. 158 ; Calkins, 1933, p. 569.

Trophozoites elongated, cylindrical, shaped like a Nema-
tode worm, attaining even up to 5 mm. in length. Solitary.
Sporocysts as in the family.

Key to Indian Species.

1 (6). Trophozoite taporing at one or bothends. 2.
2 (3). Trophozoite tapering at either end.

Nucleus long, fusiform, with two [p. 60.
karyosomes ..........ciiiieniinan. N. hessei Bh. & Ch.,

3 (2). Trophozoite with anterior end rounded,
posterior end pointed .............. 4.

(5). Nucleuslong, fusiform, with single karyo- [p. 62.

BOIMIO & vvvnevvonnannnusnsnsnsnsnans N. lumbricoides Hesse,

5 (4). Nucleus elongated oval, with soveral [Bh. & Ch., p. 62.
KATyosSOmMes ......covvvvenneniinnens N. plurikaryosomata

6 (1). Trophozoite usually rounded at both
ends ...t i i 7.

7 (8). Anterior pole without epimeritic denti-
culations, posterior pole not covered
by fine hairs. Nucleus usually in the
middle of the body, with single karyo- [Set., p. 63.
BOIMO «tvvitiinn v rrtosnnnnnesoens N. stephensoni Bh. &
8 (7). Anterior pole with epimeritic denticula-
tions, posterior pole covered by fine
hairs. Nucleus near one end of the [p. 64.
body, with single karyosome ........ N. vermicularis Hesse,

6. Nematocystis hessei Bhatia & Chatterjee. (Fig. 8.)
tNematocystis hessei, Bhatia & Chatterjee, 1925, pp. 1945, pl. wviii,
figs. 11, 11 @, 12; pl. ix, fig. 24.
Nematocystis hessei, Cognetti, 1925, p. 231 ; Bhatia, 1929, p. 125.

Trophozoite elongated like a worm and tapering at either
end. No epicytal striations. Nucleus long and fusiform,
with two karyosomes, which are sometimes very unequal in
size.

Dimensions.—Up to 552y in length by 424 in thickness.
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Remarks.—The species in some respects resembles V. anguil-
lula, but differs from it in the absence of epicytal striatious
and in the nuclear structure. The nucleus is situated near the
centre of the parasite and is long and fusiform; it may
attain a length of 79u. The two karyosomes may be equal

Fig. 9. -

Fig. 8.—Nematocystis hessei Bh. & Ch. (After Bhatia and Chatterjee.)
Fig. 9.—2\{ematocy.9ti.9 lumbricoides Hosse. (After Bhatia and Chattor-

jee.)
Fig. 10.—Nematocystis plurikaryosomata Bh. & Ch., (After Bhatia and
Chatterjee.)

or very unequal in size, and are situated near the two ends
of the nucleus.

Habitat.—Seminal vesicles of Pheretima heterochata (Mchlsn.) :
Punsas, Lahore.
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7. Nematoeystis lumbricoides Hesse. (Fig. 9.)

Nematocystis lumbricoides, Hesse, 1909, pp. 153-5, figs. 1xv, lxvi.
+Nematocystis lumbricoides, Bhatia & Chatterjee, 1925, p. 198, pl. viii,
fig. 17.
Nematocystis lumbricoides, Cognetti, 1925, p. 231; Bhatia, 1929,

p- 124

Trophozoite shaped like an earthworm, swollen in the middle
and narrower at each end, anterior end somewhat rounded and
posterior end more pointed. Nucleus long and fusiform, with
a single karyosome.

Dimensions.—Up to 1-5 mm. in length and 60 in thickness.

Remarks.—Specimens examined by Bhatia and Chatterjee
from Pheretima heterochata (Mchlsn.) at Lahore differed from
those described by Hesse from Helodrilus caliginosus Savig.
in France in that the size did not exceed 1 mm. by 31y,
the epicyte was not ornamented with parallel longitudinal
striations, and the nucleus was variable in position and con-
tained a single large oval karyosome placed eccentrically.

Habitat.—Seminal vesicles of Pheretima heterochaeta (Mchlsn.) :
Punsas, Lahore.

8. Nematocystis plurikaryosomata Bhatia & Chatterjee.
(Fig. 10.)
‘tNematocystis plurikaryosomata, Bhatia & Chatterjee, 1925, pp. 195-6,
pl. viiy, figs. 13-16 ; pl. ix, fig. 25.
Nemaltggystis plurikaryosomata, Cognetti, 1925, p. 231 ; Bhatia, 1929,
p- 125.

Trophozoite with a long and extremely deformable body.
No epicytal striations. Nucleus elongate and oval, with
several small karyosomes. .

Dimensions.—Up to more than 1 mm. in length and 100
in thickness. Gametocysts small, attaining a size of 140y in
diameter. Spores 6:5-8-5u by 34 in size.

Remarks.—The body of the parasite is very deformable and
shows constrictions and bulgings during the progression of
the parasite, the granular cytoplasm, together with the
nucleus, appearing to flow from one pole to the other. The
parasite differs from N. magne in that it lives free in the
seminal vesicles, has no polar ornamentations, no hairs round
its posterior pole, and in its nuclear structure. In stained
preparations the paraglycogen grains are seen to be aggre-
gated along the central region, leaving a clear peripheral zone.
The nucleus is variable in position and contains 6 to 12 large,
spherical karyosomes ; it measures 60 u along its long axis.

Habitat.—Seminal vesicles of Allolobophora (Eisenta) fetida
(Savig.) : Punyas, Kasauli.



NEMATOCYSTIS. 63

9. Nematoeystis stephensoni Bhatia & Setna. (Fig. 11.)

+Nematocystis stephensoni, Bhatia & Setna, 1926, pp. 364-7, pls. xi,

xii, figs. 65~17 ; pl. xiii, figs. 28, 29.

Nematocystis stephensoni, Bhatia, 1929, p. 125,

Trophozoite of an elongate cylindrical form, short and
swollen or elongated and thin, with blunt extremities. Body
highly deformable, presenting a number of swellings and
constrictions. Epicyte shows fine longitudinal striations.

Fig. 11.—Nematocystis stephensoni Bh. & Set.
(After Bhatia and Setna.)

Nucleus elliptical, with a single central karyosome, which
consists of a central deeply staining portion surrounded by s
vacuolated layer. Gametocysts oval. Gametocytes equal in
size ; gametes similar,

Dimensions.—Trophozoite up to 1-26 mm. in length and
100  in thickness ; gametocysts from 153 u by 100 u to 314 u
by 246 p ; zygotes 8 u ; sporocysts 15:5 u by 8:1 p.

Remarks.—In the living condition the parasite is quite
opaque and capable of contracting and elongating so rapidly
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as to produce constrictions and bulgings, giving it the same
appearance as N. magna and N. plurikaryosomata. The
opacity of the granular cytoplasm is so great that the nucleus
is only faintly indicated.

In the stained preparations the cytoplasm exhibits the usual
structure. The nuclous is generally situated about the middle
of the body, but is often found nearer one or the other extremity ;
this is due to the movements of the endoplasm. Its elongated
axis generally lies parallel to the long axis of the body. The
shape and structure of the nucleus are very characteristic.
The nucleus is of an eclongate, regularly ellipsoid form, and
consists of (i) a well-defined nuclear membrane, (ii) a broad
zone of peripheral achromatin, in which the network is not
distinguishable, and over which fine chromatin grains are
dispersed, and (iii) a large central, spherical or oval karyosome,
which is like an entire nucleus in structure and appears very
much like a nucleus within a nucleus. The nucleus thus
appears to consist of two concentric rings and a deeply
staining homogeneous mass in the centre. The inner ring
and the central homogeneous mass together constitute the
karyosome.

Development is on the usual lines, and different stages have
been described by Bhatia and Setna (1926).

Habitat.—Seminal vesicles of Eutyphaeus incommodus (Bed-
dard) : Pungas, Kasauli.

10. Nematoeystis vermicularis Hesse. (¥ig. 12.)

Nematocystis vermicularis, Hesso, 1909, pp. 155-8, figs. lxvii-lxx
Berlin, 1924, pp. 68, 74.

tNematocystis vermicularis, Bhatia & Chatterjee, 1925, p. 197.

N tocystis vermicularis, Bhatia, 1929, p. 124.

Trophozoite with a fusiform, rather thick body, rounded at
both extremities. The anterior pole ornamented with a cap
formed of small cylindrical prolongations placed side by side,
posterior pole covered by fine hairs directed backwards.
Ectoplasm thin, cuticular ornamentations not visible. Endo-
plasm rather rich in chromatoid granulations. Nucleus
ellipsoidal, situated near one of the extremities of the body,
and containing a single karyosome.

Dimensions.—Scarcely 1 mm. in length and 100 in thickness.

Remarks.—The single specimen obtained by Bhatia and
Chatterjee from the seminal vesicles of Pheretima barbadensis
(Beddard) closely resembled Hesse’s fig. Ixviii a of the species
as described from Helodrilus longus Ude. The size of the
specimen was, however, much less, being only 446y in length
by 69 in thickness. The nucleus was situated more towards
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the blunt end of the parasite and measured 385y along its
long axis. There was a central spherical karyosome.

Fig. 12.—Nematocystis vermicularis Hesse. (Aftor Hesse.)

Habitat.—Seminal vesicles of Pheretima barbadensis (Bed-
dard) : PunJyas, Lahore.

2. Family RHYNCHOCYSTIDA Bhatia, 1930.

Trophozoites ovoid, spherical or elongated, with a conical
or cylindro-conical trunk at the anterior end, solitary. Sporo-
cysts biconical, with similar non-appendiculate poles, octozoic.

Genus RHYNCHOCYSTIS Hesse, 1909.

Rhynchocystis, Hesse, 1909, p. 45 ; Cognetti, 1911, p. 207 ; Berlin,
1924, p. 68; Cognetti, 1925, p. 232 ; Bhatia & Chatterjee, 1925,
p. 190 ; Bhatia & Setna, 1926, p. 370 ; Reichenow, 1929, p. 887 ;
Bhatia, 1929, p. 129; 1930, p. 158; Calkins, 1933, p. 559 ;
Troisi, 1933, pp. 327-34.

Trophozoites ovoid or cylindroid. Anterior pole provided
with a metabolic epimerite, which is most frequently elongated
into a conical or cylindro-conical trunk. Sporocysts with
characters of the family.

Key to Indian Species.

1 (3). Hairs present on both the mucron and
the posterior end of the body....... 2.
2. Form variable, pear-shaped, spherical
or gregariniform. Epimerite meta-
bolic, & conical or hemispherical mu-
cron. Nucleus rounded, variable in ' [p. 67.
position ........... ... ...l R. cognettii Bh. & Ch.,
3 (1). Hairs not present on any part of the
body «.oovviiiiiii i 4.
4 (5). Form elongate, pear-shaped, anterior
end broader, with a nipple-shaped epi-
merite. Nucleus oval, usually in [Set., p. 67.
posterior half of the body ........... R. mamillata Bh. &
SPOR. F
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5 (4). Form elongate, cylindrical, with cylin-

dro-conical epimerite marked with

distinct epicytal striations. Nucleus

oval, usually about the middle of the [p. 66.
body .....oovviiniiiiiii R. awatii Bh. & Set.,

11. Rhynchocystis awatii Bhatia & Setna. (Fig. 13.)

tRhynchocystis awatii, Bhatia & Setna, 1926, pp. 371-3, pl. xii,

figs. 23, 24 ; pl. xv, figs. 34, 35.
Rhynchocystis awatii, Bhatia, 1929, p. 125,

Trophozoite with an elongate cylindrical body, the anterior
end generally provided with a cylindro-conical epimerite.
Epicyte ornamented with fine longitudinal striations, which are
more distinct and spaced out over the epimeritic region.
Sarcocyte poorly developed and free from granules. Nucleus
oval, with a large eccentric karyosome, and gencrally placed
about the middle of the body.

Fig. 13.

Fig. 13.—Rhynchocystis awatii Bh. & Set. (After Bhatia and Setna.)
Fig. 14.—R{zynclwcystis cognettit Bh. & Ch. (After Bhatia and Chatter-

. jee.)
Fig. 15.—Rhynchocystis mamillata Bh. & Set. (After Bhatia and Setna.)
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Dimensions.—Maximum length 400y ; maximum width,
in shorter and thicker individuals, 50 .

Remarks.—This appears to be a rare parasite of its host,
being found only in a few specimens and in extremely small
numbers. The form of the trophozoite varies considerably :
some arc short and thick, while others are long and vermiform.
An epimerite is not found in all individuals, but, when present,
it is a distinct club-shaped structure, dilated at its distal
extremity and narrower at its base. The ectocyte is thin.
The entocyte is finely granular. The nucleus lies more often
in the middle, though in some cases it is found to be situated
near the anterior end. 1t is oval in form, with its long axis
lying along the length of the parasite. The nucleus usually
measures 17-5u in its longer and 10-5 in its shorter diameter,
and contains a single large eccentrically placed karyosome.
Some individuals show end to end syzygy: sometimes the
satellite retains its epimerite and is fixed by it to the posterior
end of the primite.

Habitat.—Seminal vesicles of Pheretima elongata (E. Perr.) :
BomBAY, Bombay.

12. Rhynchoeystis cognettii Bhatia & Chatterjec. (Hig. 14).
tRhynchocystis cognettii, Bhatia & Chatterjee, 1925, pp. 190-3, pl. vii,
figs. 1-10; pl. ix, figs. 22, 23.
Rhynchocystis cognettii, Bhatia, 1929, p. 125.

Trophozoite with an epimerite. Shape of the body variable,
pear-shaped, spherical or gregariniform, and the anterior end
provided with a mucron surrounded by a crown of sarcocyte.
Hairs found only in the region of the mucron and somectimes
at the posterior end also. Nucleus generally spherical, with
a single spherical karyosome placed eccentrically and surrounded
by a clear white halo. The nucleus varies in its position, but
is never situated in the epimeritic region. Gametocytes are
nearly equal in size.

Dimensions.—Maximum size of the trophozoite 129u by
46 u; gametocysts are more or less ovoid and measure
up to 129 by 8l pu.

Habitat.—Seminal vesicles of Allolobophora  caliginosa
(Savig.) : PunJsas, Kasauli.

13. Rhynchoecystis mamillata Bhatia & Setna. (Fig. 15.)
{Rhynchocystis mamsllata, Bhatia & Setna, 1926, pp. 370-1, pl. xii.
figs. 21, 22 ; pl. xiv, figs. 32, 33.
Rhynchocystis mamillata, Bhatia, 1929, p. 125.

Trophozoite with an elongate pear-shaped body, the
anterior end broader and provided with an epimerite consisting
of a nipple-shaped mucron surrounded at its base by a ring

F2
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in which the sarcocyte is well developed. Movements of the
trophozoite very slow. Body not covered with hair. Nucleus
oval and situated in the posterior half of the body.

Dimensions.—The trophozoite may attain a maximum
length of 126y, maximum width 52-5p; nucleus 14-15-9u
in length and 8-11:3u in width. Cysts and spores not
identified.

Remarks.—R. mamillata differs from R. cognettii in being
more constant in form and in not exhibiting the changes
shown by the latter species. It differs from R. pilosa by its
constant form and by the complete absence of hair covering
the body. The relative dimensions of the trophozoite,
nucleus, and karyosome differ markedly from R. awatii,
which is found in the same host-species, the nucleus being
larger in trophozoites of corresponding size.

The sperms of the host, sticking close together to the
cpimerite, form a thick investment round it. The ectoplasm
is not thick, but the epicyte is fairly well developed. The
endoplasm, with the contained granules, is moved about in the
interior of the body from pole to pole, without affecting the
external form of the body. The nucleus generally lies in the
posterior half of the body, rarely in the middle or the anterior
half; it is distinctly oval, and contains a single spherical or
slightly oval karyosome, which is placed eccentrically.

Habitat—Seminal vesicles of Pheretima elongata (E. Parr.) :
BomBay, Bombay.

3. Family STOMATOPHORIDA Bhatia, 1930.

Trophozoites ovoid, spherical, cylindrical or cup-shaped,
with an anterior sucker-like epimeritic organ; solitary.
Sporocysts navicular, with similar non-appendiculate and
truncated poles ; octozoic.

The family includes seven genera (vide Bhatia, 1930), of which
only one is at present known from India. All the genera
are parasitic in various specics of Pheretima only.

Genus STOMATOPHORA Drzewecki, 1907, emend. Hesse,
1909, and Bhatia, 1924.
Stomatophora, Drzewecki, 1907, pp. 218-46 ; Hesse, 1909, pp. 45,
161-87; Bhatia, 1924, pp. 481-512, pl. xxiii, figs. 1-31 ; %I;mt;a

& Setna, 1926, pp. 367-8 ; Reichenow, 1929, p. 887 ; Calkins,
1033, p. 560 ; Ray & Chatterjoo, 1036, p. 345, - '

‘Trophozoites ovoid or spherical. Anterior end provided
with a sucker-like epimeritic organ with or without a central
mucron. Sporocysts typical of the family.
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Key to Indian Species.

1 (4). Form with elongate cylindro-conical
body .....oooiiiiii i 2,
2 (3). Sucker an inverted balloon-shaped de-
pression with a central mucron and [p. 69.
radial epicytal striations ............ S. bulbifera Bh. & Set.,
3 (2). Sucker cup-shaped, with a central

mucron surrounded by a crown of [p. 69.
petals ...t i S. coronata (Hesse),
4 (1). Form plate- or disc-like, marked by
furrows and divided into a number of
irregular lobes. Sucker central, cup-
like, with a central mucron ......... S. diadema Hesse, p. T1.

14. Stomatophora bulbifera Bhatia & Setna. (Fig. 16.)
tStomatophora bulbifera, Bhatia & Setna, 1926, pp. 368-70, pl. xii,

figs. 18-20, ; pl. xiv, figs. 30, 31.
Stomatophora bulbifera, Bhatia, 1929, p. 125.

Trophozoite with an elongate cylindro-conical body,
a broad and round anterior end and a narrow and pointed
posterior end. Body not marked by any furrows or epicytal
striations. The sucker at the anterior end is an inverted
balloon-shaped depression with a central mucron and radial
epicytal striations. Nucleus, oval with a large spherical
karyosome.

Dimensions.—Length of trophozoite 56-119u, width 24-5-
52-5u ; nucleus 10-5-15-7u by 7-11-3 .

Remarks.—The greatest width of the organism is at
one-third the length of the body from the anterior end.
The sucker is like an inverted balloon in form, with the epicyte
lining it and showing striations diverging from a deeply
stained central mass, which corresponds to the mucron but
is not raised. Over the body the epicyte is thin, and the
sarcocyte forms a thick hyaline and transparent layer. The
endoplasm is alveolar, and numerous paramylon grains are
found adhering to the walls of the alveoli. Nucleus with its
long axis parallel to the long axis of the body.

Habitat.—Seminal vesicles of Pheretima elongata (E. Perr.)
BomBAY, Bombay.

15. Stomatophora coronata (Hesse). (Fig. 17.)

Monocystis coronatus, Hesse, 1904, p. 268.

St tophora coronata Drzewecki, 1907, pp. 218-46 ; Hesse, 1909,
pp. 161-87, figs. Ixxiv-lxxix ; pl. ii, figs. 40-73; pl. vi, figs.
136-70 ; pl. vii, figs. 187-93 ; Sokolow, 1911, p. 292 ; Minchin,
1912, p. 328.

tStomatophora coronata, Bhatia, 1924, pp. 499-507, pl. xxiii, figs. 20-5.

Stomatophora coronata, Cognetti, 1925, p. 233; Bhatia, 1929,

p- 125 ; Reichenow, 1929, p. 887.

Trophozoite with an oval or ellipsoidal body, rounded at
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both ends. Anterior end bears a sucker, formed as a spherical
cavity with a cap cut off from the upper pole, and with a central
mucron arising from the proximal pole .3 a projection into the
cavity ; the sucker is surrounded by a crown of a variable
number of petals formed of hyaline sarcocyte covered over

Fig. 16.—Stomatophora bulbifera Bh. & Set. (After Bhatia and Setna.)
Fig. 17.—Stomatophora coronata (Hesse). (After Bhatia.)
Fig. 18.—Stomatophora diadema Hesse. (After Bhatia.)

by epicyte marked by striations. Gametocysts generally
spherical or slightly ellipsoidal. Sporocysts navicular, but
their ends are drawn out and truncated, presenting a button-
like flattening, sometimes sticking end to end to form chains.
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Dimensions.—Maximum size of trophozoite 1830y by 130,
average 80u by 60 u: gametocysts measure 60-70 u by
50-60 u ; sporocysts 9-11 u by 5-6 u and 7-7-5 u by 3 p.

Remarks.—The organism exhibits active though by no means
rapid movements of the body, thus causing alterations in
form from moment to moment. The body is generally
expanded at the anterior end so as to look like a top or a flower-
vase. It may then show a constriction round the middle of
the body and assume an hour-glass-like shape, and later a more
regular outline again. In 1924 I studied the structure of the
sucker and the crown of petals, and amended the diagnosis
of the species as given by Hesse (1909).

There is generally a small difference in gze between the
gametocytes enclosed in a cyst, but the gametes do not show
anisogamy.

Habitat.—Seminal vesicles of Pheretima barbadensis (Bed-
dard) : Pungas, Lahore.

16. Stomatophora diadema Hesse. (Fig. 18.)
Stomatophora diadema, Hesse, 1909, pp. 187-9, pl. ii, figs. 66-8.
TStomatophora diadema, Bhatia, 1924, pp. 503-7, pl. xxii, figs. 26-31.
Stomatophora diadema, Cognetti, 1925, p. 233 ; Bhatia, 1929, p. 125.
TStomatophora sp., Ray & Chatterjee, 1936, p. 345.

Trophozoite with the form of a sphere flattened and com-
pressed between its two poles, so as to resemble a plate or
disc marked by furrows and divided into a number of irregular
lobes, some of which are considerably larger than others.
The sucker is a shallow-like cup depression in the centre of
the body, and shows a central conical projection or mucron.
Nucleus generally rounded, sometimes oval, eccentric in posi-
tion, with a large karyosome. Gametocysts usually spherical.
Sporocysts navicular, with extremities rather drawn out and
truncated at the ends.

Dimensions.—Maximum size of trophozoite 105 u ; gameto-
cysts 125-170 p in diameter ; sporocysts 8-12 u by 3—4 u.

Remarks—In 1924 I discussed the morphology of the
sucker in 8. stmplex, S. coronata, and S. diadema, and came
to the conclusion that, unlike the epimerite of the Polycystid
Gregarines, the sucker is not present in the earlier stages of
development in any of the species of Stomatophora, and thut
during the growth of the trophozoite a simple cup-like sucker
is formed by a flattening and inpushing of the anterior end of
the body, the median projection or mucron being thus carried
to the bottom of the cup-like depression. This process would
seem to cause the epicytal striations to appear first on the
surface of the sucker and extending from the central mucron
to certain definite points on the circular border of the aperture ;
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later they extend beyond over smaller or larger portions of
the body. In 8. simplex these strie do not extend beyond the
region of the sucker ; in 8. coronata they extend over a small
area of the body immediately surrounding the sucker, thus
forming a crown of petals; and lastly, in S. diadema they
extend not only over the whole of the body, but some of them
deepen and involve the deeper layers of the ectoplasm,
causing the body to be cleft into lobes. Ray and Chatterjee
(1936) have also studied the structure of the suckers of Stomato-
phora, but their detailed observations have not yet been
published.

Habitat.—Seminal vesicles of Pheretima barbadensis (Bed-
dard): PunsaB, Lahore; seminal vesicles of Pheretima
posthuma (L. Vaill.) : BENcAL, Calcutta.

4. Family ZYGOCYSTIDA Bhatia, 1930.

Adult trophozoites always associated in pairs or groups of
three. Sporocysts biconical, octozoic.

Genus EXTREMOCYSTIS Setna, 1931.
Eaxtremocystis, Setna, 1931, pp. 206-9, pl. vi, figs. 2-6.

Adult trophozoites elongate, resembling Nematocystis ;
always associated in pairs, attachment being end to end.

17. Extremocystis dendrostomi Setna. (Fig. 19.)
tExtremocystis dendrostomi, Setna, 1931, pp. 206-9, pl. vi, figs. 2-6 ;
p. 325.
The only known species in the genus.
Adult trophozoites have the characters given above ;
attachment is brought about by one end of an individual

Fig. 19.—Euxtremocystis dendrostomi Setna. (After Setna.)

fitting into a concave depression of the other. Nucleus
ellipsoidal, greatly elongated, generally lying near that end
of the trophozoite which joins with the other trophozoite.
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Dimensions.—Maximum size 130 g by 19 x, minimum 70 p by
12p.

gemarks.——The parasites lie coiled and contorted among the
ccelomic corpuscles and the genital products of the host, and
are never attached to the body-wall or the gut. There is no
organ of attachment to the host. The body is cylindrical,
resembling an elongate Nematode worm, with more or less
parallel sides and tapering slightly towards the extremities
of the united pair. Attachment takes place by means of the
tapering end of an individual fitting into a regular concave
hemispherical depression of the other. The ratio of width
to length of each individual is about 1:6. KEctoplasm is
thin. Endoplasm is coarsely granular, and the stream of
granules flows very swiftly and uniformly from one end of
the trophozoite to the other, going backwards and forwards
in a straight line. The nucleus measures 17 by 6, and lies
with its long axis parallel or slightly inclined to the sides of
the body.

The associating pairs become short and pear-shaped and
later rounded off. Gametocysts not found. Sporocysts
spindle-shaped, with the two ends finely pointed, 29-35pn
by 6-4 p.

Habitat.—Ceelomic cavity of Dendrostoma signifer Sel. & de
Man : ANDAMANS, Port Blair.

5. Family AIKINETOCYSTIDA Bhatia, 1930.

Trophozoites solitary or adherent, branching dichotomously,
the branches serving for the attachment of the parasite to the
host. Sporocysts as in Monocystis.

Genus AIKINETOCYSTIS Gates, 1926.
Aikinetocystis, Gates, 1926, pp. 400-4 ; Bhatia, 1930, p. 160.

Trophozoites cylindrical or columnar, with a characteristic
regular, dichotomous branching at the attached end, with
sucker-like bodies borne on the ultimate branches; solitary
or in groups of three to eight. Sporocysts as in Monocystis.
Ceelomic parasites in various species of Kutypheeus.

18. Aikinetocystis singularis Gates. (Fig. 20.)

tAikinetocystis singularis, Gates, 1926, pp. 4004, figs. 1-3.
Aikinetocystis singularis, Bhatia, 1929, p. 126 ; 1930, p. 160.

Trophozoite cylindrical or columnar, with a characteristic
regular, dichotomous branching at the attached end ; fixation
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to the host by means of sucker-like bodies borne on the ultimate
branches. Ectoplasm shows longitudinal and transverse
striations. The transparent fluid endoplasin is densely packed
with ovoid paraglycogen granules. Nucleus is a large ovoid
body containing a spherical eccentrically situated karyosome.

Dimensions.—Trophozoite may be as long as 4 mm., nucleus
640-860 1 in length ; gametocysts about 620 4 in length ;
sporocysts of two sizes, the larger 20-23 p long, the smaller
7-9 p long.

Remarks.—The parasite presents a smooth creamy-white
appearance or, very rarely, a light brownish tinge. The large
unattached end is bluntly rounded. At a greater or less
distance from this end the body branches into two rami,

Fig. 20.—Aikinetocystis singularis Gatos. n, nucleus; K, karyosome ;
Pr, primary ramus ; Sr, secondary ramus. (After Gatos.)

each of which divides to form two smaller secondary rami,
This branching continues until eight or sixteen small ramuli
are produced. The dichotomy is regular. The ramuli bear
groups of irregularly ovoid, sucker-like objects by means of
which the parasite is attached to the host. Pairs of animals
are frequently found attached to each other near the rounded
free ends. Groups of three to eight animals, similarly adherent
to each other, are also found.

Living detached specimens show two kinds of movements.
Waves of peristaltic contraction pass along the trunk and rami
of the first order, producing a churning of the endoplasmic
contents in the trunk, from the trunk into the primary rami,
and back into the trunk ; the nucleus is squeezed to and fro
from one end of the trunk to the other, or even passing into
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one of the primary rami and returning into the trunk. The
second kind, described as rotation movements, result in a
spiral twisting of the primary rami and their branches on their
own axes.

Monocystis-like sporocysts, in masses visible to the naked
eye, are present in the anterior segment of the host or can be
found by scraping the body-wall. Ovoid gametocysts were
found in a few hosts.

Habitat.—Ccclomic cavitics of Eutypheus foveatus (Rosa)
(most commonly) and E. spinulosus Gates, E. rarus Gates,
and E. pegquanus Gates (more rarely) : BURMA.

Genus NELLOCYSTIS Gates, 1933.
Nellocystis, Gates, 1933, pp. 508-11.

Trophozoites solitary or in aggregates of two or three indi-
viduals. Anterior end stalk-like and branching into several
short filaments which attach the parasite to the host. Sporo-
cysts as in Monocystis.

19. Nellocystis birmanica Gates. (Kig. 21.)
Nellocystis birmanica, Gates, 1933, pp. 508~11, tigs. 1-8.

Trophozoites club-shaped, the posterior end enlarged, the
anterior end narrowing to an elongate stalk. The anterior
end of the stalk branches into several short filaments, which
attach the parasite to the host. Within the posterior portion
is a vacuolar cavity containing a fluid in which there is a single
dark, regularly spheroidal, granular mass containing a single
ovoidal nucleus with a single karyosome. Within the stalk,
near the vacuolar cavity, is a second nucleus, which contains,
in addition to a large karyosome, a smaller, slightly bent,
rod-like body. This stalk-nucleus is placed with its long axis
along the long axis of the stalk. 1ln some specimens the stalk-
nucleus is transverse to the long axis of the stalk, and the
single large karyosome is replaced by a number of smaller
granules, scattered throughout the nucleus. Sometimes the
single vacuolar cavity contains two discrete, ovoidal masses
of unequal size, each containing a nucleus with a single karyo-
some, and the stalk-nucleus is granular and flattened on the
side of the vacuolar cavity. Aggregates of two or three indi-
viduals, with as many stalks for attachment, are also found,
and each shows the structure as seen in a solitary individual.
Sporocysts are pseudonavicellar (homopolar), and were seen
to contain a single nucleus, eccentrically located within the
finely granular contents.

Remarks.—The Gregarines when present are said to occur in
large number, 50 to 90 per segment for a number of segments.
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The size of the parasites was not determined. The parasites
were observed in the fluid used for preserving the host, without
clearing or staining them. In the absence of proper proto-
zoological technique it is by no means certain that the branching
stalk was not some tissue of the host, or that the organism
is really binucleate. Also what is described by the author
of the species as bi-stalked and tri-stalked forms may, perhaps,

Fig. 21.—Nellocystis birmanica Gates. a, portion of a solitary individual ;
. b, portion of the anterior end, more highly magnified ;
¢, bi-stalked form ; d, tri-stalked form. (After Gates.)

have been syzygies or gametocytes in a process of association
The organism is so remarkable that it would be well worth
further detailed study.

Habitat—Ccclom of the earthworm, Pheretima compta
Gates : Burma, Toungoo Hills.

6. Family DIPLOCYSTIDA Bhatia, 1930.

Trophozoites fusing in pairs to form spherical gametocysts.
Sporocysts spherical or oval ; octozoic.

The family includes two genera, Lankesteria and Diplocystis ;
only the former is known from India so far.
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Genus LANKESTERIA Mingazzini, 1891.

Lankesteria, Mingazzini, 1891, p. 407, ; 1893, pp. 50, 63; Labbsé,
1899, p. 46; Minchin, 1912, pp. 327, 329; Wenyon, 1926,
pp. 1121-4, fig. 465; Reichenow, 1929, pp. 889-90; Bhatia,

1930, p. 161; Ray, 1933, pp. 392-6; Calkins, 1933, p. 559.
Trophozoites more or less spatulate or leaf-shaped, of small
size. Epimerite small, described as an anterior pseudopodium-
like process. Gametocysts spherical, produced by association
of two individuals after contraction. Sporocysts oval, octozoic.

Intestinal parasites of Tunicates, Insects, etc.

Key to Indian Species.

1 (4). Trophozoite elongate ............... 2.
2 (3). Trophozoites 50-200 p. Epimerite

simple or umbrella-shaped. Nucleus

spherical, with a single karyosome.

Gametocysts spherical. Sporocysts

spindle-shaped .................... L. culicis (Ross), p. 77.
3 (2). Trophozoite with strongly thickened,

often spherical anterior end. Nucleus

large, with one, two, or many karyo- [p. 81.

BOINOB . oo vt verennnnsneennnnnnenn L.tripteroidesi,sp.nov.,
4 (1). Adult trophozoite egg-shaped or pear-

shaped, 101-4x by 78u. Nucleus

large, spherical, with a single karyo-

some. (Gametocystsspherical or broad- [Swaminath), p. 79.

ly oval. Sporocysts spindle-shaped .. L. mackiei (Short &

20. Lankesteria culicis (Ross). (Fig. 22.).
TGregc;rim culicts, Ross, 1895, p. 346 ; 1898, p. 147 ; 1906, pp. 102,
103.
Gregarine sp., Marchoux, Salimbeni, and Simond, 1903, p. 713.
Lankesteria culicis, Wenyon, 1911 a, p. 273; 1926, pp. 1121-4,
fig. 465 ; Knowles, 1928, pp. 495-9 ; Reichenow, 1929, p. 890 ;
Lan-Chou, 1930, pp. 361-2, pl. xii, figs. 1-20.
tLankesteria culicis, Ray, 1933, pp. 392-6, pl. xxiii.

Young trophozoites intracellular in the epithelial cells of the
stomach of the host-larva, developing a simple pseudopodium-
like epimerite, by which the full-grown trophozoite remains
attached to the epithelial cell while hanging into the lumen
of the stomach. Eventually trophozoites become free and
move about amongst the intestinal contents. The free-living
forms have a granular cytoplasm, and at the anterior end the
remains of the organ of fixation, or epimerite, can be detected.
There is a large central spherical nucleus, with usually a single
large karyosome.

When the larva becomes a pupa, the trophozoites leave the
gut and enter the Malpighian tubes, within which they associate
in pairs and form large spherical gametocysts. The gametes
produced by the two Gregarines are of the same size, but
differ as regards their nuclei; those produced by one have



Fig. 22.—Diagram of the life-cycle of Lankesteria culicis (Ross).
A, escape of eight sporozoites from odcyst, and infection of
intestinal cells of mosquito larva; B, growth of young
Gregarine till it protrudes from the cell though remaining
attached ; C, free trophozoite in the lumen of intestine ;
D, association of two sporonts in the Malpighian tube ;
E-G, associated sporonts in gametocyst, showing nuclear
multiplication ; H, nuclei arranged on surface of body ;
I-J, formation of gametes ; K, fusion of gametes ; L, zygotes
elongated and encysted in o6cysts, in which nuclear multi-
plication and formation of eight sporozoites is taking place.
(After Wenyon.) (xc. 1000.)
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large nuclei and may be regarded as female gametes, while
those by the other have small nuclei and may be regarded as
male gametes. The zygotes become elongated and develop
into spindle-shaped sporocysts; and in each sporocyst eight
sporozoites are developed. When the adult mosquito hatches
from the pupal case, its Malpighian tubes contain gametocysts
filled with sporocysts. The gametocysts then rupture, sporo-
cysts escape into the cavity of the Malpighian tubes, and
make their way to the intestine, whence they pass into water
to await ingestion by other larvee.

Dimensions.—A free-living trophozoite measures from 350-
2004 in length ; a mature sporocyst measures 10 by 6 u.

Remarks.—Ray (1933) has published his observations on
this form. According to him two types can be readily
distinguished. Those which infest the cesophagus and anterior
part of the mid-gut, where the chitinous lining is thin and
smooth, are always of intracellular habit and possess very
feebly developed epimerites; while those in the posterior
part of the mid-gut, where the epithelium is covered by a thick-
ridged chitin, bear a definite epimerite and are all growing
extracellularly, only anchored to the epithelium by the
epimerite embedded in the host-cell. The epimerite is shaped
like an open umbrella connected by a very short handle.
The youngest forms in both cases mcasure 10u by 4-5u.
At the anterior end of the body there is a clear cone-like zone,
which takes up a dark, homogeneous stain, and which, according
to Ray, is comparable with the protomerite of septate Gre-
garines. Such differentiation of the anterior portion of the
cytoplasm is, however, not unknown in other Monocystids
possessing an epimerite (vide Bhatia and Setna, 1927, figs. 18,
19, & 23), and unless there is a definite septum the organism
cannot be placed among the SEPTATA.

The intracellular forms, when they become too large to
remain within the host-cells, enter the gut-lumen, where they
measure 150-194p by 31-34u. The extracellular forms
attain the same size and, when mature, become detached,
leaving the epimerite embedded in the epithelium.

Habstat.—Stomach of the larva, and Malpighian tubes of
pupa and adult mosquito, Aédes (Stegomyia) agypti (Linn.) :
InD1a ; and Aédes (Stegomyia) albopictus Skuse: BENGAL,
Calcutta.

21. Lankesteria mackiei (Short & Swaminath). (Fig. 23.)

Certain parasites, Mackie, 1915, p. 948. ’

A Gregarine, Christophers, 1924, p. 6 ; Wenyon, 1926, p. 1151.

Monocystis mackiei, Short & Swaminath, 1927, pp. 539-62, pls. li-
liv, figs. 1-18.

A Gregarine, Knowles, 1928, p. 501.

Lankesteria mackiei, Reichenow, 1929, p. 890.
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The young intracellular stage occurs in a cell of the intestinal
epithelium of the larva of a sand-fly (Phlebotomus), and is at
first spherical, but later becomes more or less triangular, with
rounded angles, measuring about 23-4p in length when
about to leave the host-cell. The adult Gregarine occurs in
the lumen of the gut or body-cavity of the larva, but only in
the body-cavity of the pupe and the adult fly. It is egg-shaped
or pear-shaped, but it can voluntarily lengthen or shorten
the body and is considerably compressible. Epicyte well
developed and marked with longitudinal striations. Endo-
plasm very markedly granular. Nucleus a large spherical

Fig. 24.

Fig. 23.—Lankesteria mackei (Short & Swaminath). (After Short &
Swaminath.)
Fig. 24.—Lankesteria tripteroidesi, sp. nov. (After Guenther.)

or subspherical body, measuring about 30y in its longest
diameter, eccentrically placed, with a large densely-staining
spherical or subspherical karyosome, measuring 8-10 p in dia-
meter. Gametocytes somewhat elongated and crescent-
shaped, with blunt extremities. They are similar, and a pair
become apposed and surrounded by a cyst. Gametocysts
spherical or broadly oval. Hundreds of gametes are formed
in each gametocyte and are similar in form and size. Zygotes
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secrete an impermeable membrane round themselves and
become sporocysts. The sporocysts, when released from the
original gametocyst, are broadly spindle-shaped, terminating in
a knob-like projection at each end. Each sporocyst contains
eight sporozoites, applied closely to one another in a tight
bundle. Sporocyst ruptures at one or both poles while in the
alimentary canal of the larval sand-fly, and the liberated
sporozoites attack the epithelial cells of the gut.

Dimensions.—Young trophozoite (intracellular) 23-4p in
length ; adult trophozoite (free in gut) 1014 in length
by 78u in greatest breadth ; nucleus 30 in Jength ; karyo-
some 8-10 p in diameter ; gametocyst 66:3-105-1 u in length ;
sporocyst 9-6 u by 5-8 p.

Remarks.—The complete life-cycle of the Gregarine has been
described by Short and Swaminath and correlated with the
different stages in the life-history of the host. The sporocysts
of the gregarine are passed out with the eggs by an adult
sand-fly. Asthe larva hatch out, the sporocysts are taken into
their alimentary canal with their first food. The sporozoites
invade the epithelial cells, an intracellular stage is passed,
and the destruction of the host-cells releases the Gregarines
either in the alimentary canal or the body-cavity of the larva.
The growth of the larva is accompanied by the growth of the
Gregarines, but in the pupa the Gregarines in the alimentary
canal have completely disappeared, and in both pupa and
adults adult Gregarines are only found in the body-cavity,
where all the other stages of gametogony and sporogony
take place.

Habitat.—Alimentary canal and body-cavity of the larva,
and in the body-cavity of the pupa and adult of the sand-fly,
Phlebotomus argentipes Ann. & Brun: Assam; also in
P. papatasit Scop., bred out in the laboratory: BENGAL,
Calcutta.

22. Lankesteria tripteroidesi, sp. nov. (Fig. 24.)

1A Monocystid Gregarine, Guenther, 1914, pp. 264-7, 5 toxt-figs.
A Gregarine, Wenyon, 1926, p. 1149.

Trophozoite elongate, with a strongly thickened anterior
end which is often spherical and may project laterally.
Cytoplasm coarsely alveolar and filled with granules. There
are a few vacuoles at the anterior end. Nucleus large, with
a slimy protoplasmic thread extending forwards and backwards
from it. The nucleus contains large dark nucleoli, which
may be one, two, or many in number.

Habitat.—Body-cavity, respiratory tubes, and anal gills
of the larva of the mosquito, T'ripteroides dofleini (Guenther)
(=Ficalbia dofleini (Guenther)) : CEYLON.

SPOR. G
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2. Tribe HETEROPOLARIDEA Bhatia, 1930
(including Family CHOANOSPORIDZE Dogiel).

Intestinal or ceelomic parasites usually of marine animals,
such as Polychetes, Nemertines, Sipunculids, Echinoids, and
Ascidians. Sporocysts with dissimilar poles. The tribe com-
prises four families (vide Bhatia, 1930), of which only one is
known, so far, to be represented in India.

Identification Table of Families.

1 (2). Sporocysts provided with a typical funnel- [Woodcock.
like opening at oneend ................. Urosporidse *

2 (1). Sporocysts not provided with a funnel-like
openingatoneend .................... 3.

3 (6). Sporocysts oval, with a thickening at one
POle .. e 4. [Kamm, p. 82.

4 (5). Epimerite simple and deformable.......... Lecudinldse

5 (4). Sporonts held together by a ball-and-socket [J. S. Huxley.
JoInb .o Ganymedida®*

6 (3). Sporocysts spindle-shaped, with one side
slightly more prominent than the other. [Bhatia.
Gametocysts elongated, sausage-like ..... Allantocystidee *

INCERTZE SEDIS.

Sporocysts not known. Body non-septate,
with rudimentary epimerite. Develop- [He
ment intracellular. Sporonts associative .. Kofoidinidee *

Family LECUDINIDA Kamm, 1922, emend.
Reichenow, 1929.

(Syn. DoLiocysTipa Labbé, 1899.)

Body non-septate, distinguishable from the Monocystids by
the protoplasm in the anterior portion possessing finer
granules. A typical epimerite for attachment to the wall of
the gut of the host is present, but may be lost in fully grown
individuals. Syzygy does not occur. Sporocysts oval, with
a thickening at one pole. Parasites of marine Annelids.

Key to Indian Genera.

1 (2). Epimer ite invaginable, assuming a [p. 83.
variety of forms ................... LeEcupiNa Mmgazzlm,
2 (1). Epimerite of a definite form .......... 3.
3 (4). Epimerite bulb-like at the end of a long (p. 85.
rigidstyle .................l BHATIELLA Setna,
4 (3). Fplmerlte funnel-like, on a long tubular [p. 85.
talk ..o i FERRARIA Setna,
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Genus LECUDINA Mingazzini, 1891.
GQregarina (part), Kolliker, 1848, p. 35.
Lecudina, Mingazzini, 1891, p. 469.
Doliocystis, Léger, 1893, pp. 204-6.
Lecudina - Ophiodina, Mingazzini, 1893, p. 51.
Ophioidina, Minchin, 1903, p. 196.
Doliocystis, Minchin, 1903, pp. 202-3.
Lecudina, Kamm, 1922, pp. 10, 23-6; Reichenow, 1929, p. 892 ;
1932, pp. 31-2; 1935, p. 368.

Body cylindrical or ovoid, cytoplasm of the anterior portion
distinctly marked off by the possession of fine granules. Epi-
merite caducous or invaginable, able to take for any single

species only a variety of well-determined forms. Intestinal
parasites of Polychwtes.

23. Lecudina brasili Ganapathy & Aiyar. (Fig. 25.)
tLecudina sp., Ganapathy & Aiyar, 1937, p. 292,

Youngest stages intracellular within the gut-epithelium,
ovoid in outline, with a slight concavity at one end. The full-
grown trophozoite is widest at about a third of its length
from the anterior end, and the nucleus, which is spherical,
is situated at that level. The pellicle is uniformly thick and
the cytoplasm granular, except in the prolongation at the
anterior end. These trophozoites lie in the lumen of the gut,
attached to the epithelial cells by an epimerite. In the
fully evaginated condition the epimerite has a truncated base,
with a slender prolongation ending in a darkly staining anchor-
plate. The pellicle does not appear to be continued over the
epimerite, which has therefore been interpreted as endoplasmic
in origin and is capable of retraction and evagination.
The epimerite is cntirely extracellular. In the retracted
state the anterior region of the organism presents a slight
concavity. When the organism detaches itself the anchor-plate
is left behind, and a bubble of cytoplasm appears to protrude
from the anterior end ; this is in reality the evaginated epi-
merite after it has become detached from the gut-epithelium.
In sections the whole epimerite, excluding the anchor-plate,
shows faint longitudinal striations. Association takes place
between two mature trophozoites, which become surrounded
by a spherical gametocyst. Two kinds of gametes are produced
and conjugation is anisogamous. Sporocysts are oval in
outline, with a characteristic thickening at one pole. Kight
sporozoites are developed inside each spore.

Dimensions.—Trophozoites measure 150u by 30pu, length
of epimerite 10-12 ; gametocysts measure 75u in diameter ;
sporocysts measure 6 . by 4 u.

Remarks.—Ganapathy and Aiyar (1937) have recently
communicated a paper describing the different stages in the

a2
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life-cycle of the parasite. Only a brief abstract has been
published so far, but through the courtesy of the authors
I have been able to consult the paper before it appears in print.
As first shown by Brasil (1908, 1909), there is a well-defined
¢ epimerite,” but it differs from that organ as it occurs in the
Cephaline Gregarines. It is an invaginable apparatus, which
is sometimes like a conical trunk as in Lecudina aphroditze
(Lankester) or in L. polydora (Léger) and sometimes like

Fig. 25.—Lecudina brasili Ganapathy & Aiyar. Trophozoite attached
to the gut-wall. (After Ganapathy and Aiyar.)

a spherical button as in L. elongata (Mingazzini), but the form
of the trophozoite is different from any of those species, and
resembles that of L. pellucida (Kolliker), in which the epimerite
is described as a simple small papilla. I do not agree with the
authors in thinking that the epimerite is endoplasmic. Their
figure shows that the thick pellicle does not extend forward
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over the epimerite, but they describe striations which are
certainly epicytal. The so-called epimerite is merely a deform-
able prolongation of the anterior end, and when the anchor-like
portion breaks off there is a large wound through which the
entocyte would seem to flow out. The trophozoites are
parasitized by Metchnikovella sp.

Habitat.—Intestine of Lumbriconereis sp. : MADRAS, Madras,

Genus BHATIELLA Setna, 1931.
Bhatiella, Setna, 1931, p. 203.

Epimerite in the form of a bulb-like structure at the end
of a long rigid style.

24. Bhatiella morphysee Setna. (Fig. 26.)
tBhatiella morphysz, Setna, 1931, pp. 203-4, pl. v, figs. 1, 2.

Solitary, non-septate Gregarine, with a pear-shaped body,
widest just behind the middle. Epimerite in the form of

T iy
Fig. 26.—Bhatiella morphysaz Setna. (After Setna.)

a distinct bulb-like structure at the extreme tip of a long rigid
style. Dchiscence by simple rupture, no sporoducts.

Dimensions.—Trophozoite, maximum 200 u by 103 u,
minimum 1004 by 40u.

Remarks.—The epimerite is about one-fourth the total length
of the body, and its style is broad at the base and slender at
the apex. The protoplasm does not show finer granules in
the anterior portion of the body. The nucleus is ellipsoidal,
situated in the posterior half of the body, and contains a
relatively large karyosome.

Habitat.—Mid-gut of Morphysa sanguinea Montague (=M.
furcellata Crossland) : ANDAMANS, Port Blair.

Genus FERRARIA Setna, 1931.
Ferraria, Setna, 1931, p. 205.

Epimerite a wide-mouthed, funnel-like structure on a long
tubular stalk.
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Remarks—Setna (1931) has described the Gregarine as
septate, and placed it in the family Polyrhabdinidee Kamm.
Reichenow (1929), however, considers that the presence
of a septum in Polyrhabdina as described by Kamm is an error,
and the septate appearance is due to the protoplasm in the
anterior portion of the body being more finely granular.
He has consequently amalgamated the family Polyrhabdinidee
with Lecudinidee. Setna describes and figures the protoplasm
as dark and finely granular throughout, and indicates the
septum as a clear area, which may be an artefact.

25. Ferraria cornucephali Setna. (Fig. 27.)

tFerraria cornucephali, Setna, 1931, pp. 205-6, pl. v, figs. 3-5;
pl. vi, fig. 1.

A solitary, rather stout-bodied Gregarine. Epimerite a wide-
mouthed, funnel-like structure on a long, slender, tubular
stalk. Nucleus large and spherical, with a large central
karyosome. In the digestive tract of a polychwxte, quite
commonly attached to the intestinal wall, or free in the lumen
of the gut.

Fig. 27.—Ferraria cornucephali Setna. (After Setna.)

Dimensions.—Trophozoite, maximum 300 p by 91 u,
minimum 243 & by 81 u.

Remarks.—Sctna has described the form as a septate Grega-
rine, but this is probably an error (see remarks under the genus).
He gives ratio of length of protomerite to total length of
trophozoite as 1 : 4 ; width of protomerite to width of deuto-
merite as 1:1-6. The anterior part (so-called protomerite)
is hemispherical to subglobular, widest behind. The posterior
part (so-called deutomerite) is elongated, cylindrical and
ovoidal, widest about its middle and well rounded posteriorly.
There is little or no constriction at the septum, which
appears to be indicated by a clear area between the anterior
and the posterior portions.

Two distinct types of gametocysts and sporocysts were
encountered in the mid-gut of the host, but neither was
definitely associated with the trophozoites of this or of the
preceding species. One type consisted of spherical gameto-
cysts, measuring 90-100 p in diameter, and full of oval sporo-
cysts, measuring 10 u by 4-5 4. Sporocysts escape by rupture
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of the gametocysts. The other type of gametocyst contained
a mass of very peculiar sporocysts, 20 u by 4 p in size, and with
rounded anterior and posterior ends; each sporocyst is bi-
laterally symmetrical, covered by a thick membrane, and
contains a well-defined nucleus.

Habitat.—Mid-gut of Morphysa sanguinea Montague (=M.
furcellata Crossland) : ANDAMANS, Port Blair.

INCERTZ SEDIS.

Genus DIRHYNCHOCYSTIS Cognetti, 1921.
Dirhynchocystis, Cognetti, 1921 a, p. 150 ; 1925, pp. 229, 233.
Echinocystis, Bhatia & Chatterjee, 1925, p. 197.

Dirhynchocystis, Bhatia, 1929, p. 1256; Reichenow, 1929, p. 887 ;
Bhatia, 1930, p. 165.

Solitary. Body ovoid, with two subcylindrical appendages,
arising from opposite sides. Sporocysts biconical, with similar

oles.
P Remarks.—Cognetti (1921) describes the two spine-like
prolongations as anterior and posterior, and regards each as
comparable to the trunk-like process arising from the anterior
end of Rhynchocystis. To me these spines suggest a strong
comparison with the antero-lateral spines of Ancora, from

which the form can be derived by shortening and rounding
off the body.

26. Dirhynchocystis globosa (Bhatia & Chatterjee). (Fig. 28.)
tEchinocystis globosa, Bhatia & Chatterjee, 1925, pp. 197-9, pl. viii,
figs. 18, 19; pl. ix, figs. 26, 27.
Dirkynchocystis globosa, Cognetti, 1925, p. 233; Bhatia, 1929,
p- 1256 ; Reichenow, 1929, p. 887 ; Bhatia, 1930, p. 165.

Trophozoite possessing a more or less spherical body, with
two spine-like structures radiating from the surface. Nucleus

Fig. 28.—Dirhynchocystis globosa (Bh. & Ch.).
(After Bhatia and Chatterjce.)

large, generally ovoid, and containing a single karyosome.
Sporocysts biconical, with two similar truncated poles.
Dimensions of the trophozoite 74 by 65u.
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Remarks.—Infection is very rare. The young trophozoite
within the blastophore has no spine-like structures. The
adult trophozoite lives free in the seminal vesicles and possesses
the spines : it has a dark aspect in the living condition on
account of reserve of paraglycogen granules, and shows slow
movements. Form of the adult is like a globe drawn out
along one axis. The spine-like structures taper gradually
towards the distal end, and consist of a non-granular endo-
plasm covered by sarcocyte and epicyte, thus resembling in
structure the trunk-like epimerite of Rhynchocystis: they
disappear during association. Nucleus large, slightly elongate
and oval, generally situated near the middle of the body,
and may attain a length of 24u : it contains a single large
central karyosome. Sporocysts, doubtfully belonging to this
species, were unusually large, measuring 28 by 14u, and
one of the sporocysts contained only two sporozoites.

Habitat.—Seminal vesicles of Pheretima posthuma (L. Vaill.) :
Punsas, Lahore; BomBay, Bombay. Seminal vesicles of
Eutyphceus sp. : UN1TED PROVINCES, Lucknow.

Genus GRAYALLIA Setna, 1927.

Grayallia, Setna, 1927, pp. 335-7; Bhatia, 1929, p. 126 ; 1930
p. 165 ; Reichenow, 1929, p. 887.

Monocystid with four spines at either end. The spine-like
prolongations arise from the surface of the body at a little
distance from the extremities ; they are broader at the base
than at the apex and are subequal.

27. Grayallia quadrispina Setna. (Fig. 29.)
1Qrayallia quadrispina, Setna, 1927, pp. 335-1, figs. 1-3.

The trophozoite resembles Nematocystis in form, with
four spine-like processes arising from the surface of the body

Fig. 29.—Qrayallia quadrispina Setna. s, one of the spines.
(After Setna.)

at either end and radiating backwards. Body chalky-white
in colour and highly deformable. Nucleus large and oval,
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containing a variable number of karyosomes. Cysts and
sporocysts not identified.

Dimensions.—Size 720-1270 in length by 35-50 4 in width.

Remarks.—The endoplasm of the parasite is very granular
and mobile and, owing to its very active movements, the
parasite assumes a variety of appearances. When extended,
the breadth is comparatively uniform, but when the parasite
contracts a characteristic shape is assumed. The epicytal
striations are well developed over the general body surface ;
they are faintly visible, and lie close together on the spines.
The sarcocyte is feebly developed and the myocyte is also
thin ; both these layers are continued into the spines, but the
endoplasm is not. The spines are about 12y in length and
are capable of movement, being swung actively from side
to side or held straight against the body. In the endoplasm
are lodged paraglycogen bodies and many small, oval, and
sometimes rod-shaped bodies, which may be parasites.

Habitat.—Seminal vesicles of Pheretima heterocheeta (Mchlsn.) :
Bomsay, Bombay.

2. Legion SEPTATA Lankester, 1885

(=CePHALINA Delage, excluding Doliocystide, or PoLy-
CYSTIDEA, sensu stricto).

The body is divided into the protomerite and deutomerile
by an ectoplasmic septum, and an organ of attachment,
known as the epimerite, is always present, at least in the carlier
stages. An end-to-end association of two or more trophozoites
(syzygy) is common : in such the anterior individual is called
the primite, and the posterior ones the satellites. Parasites of
the digestive tracts of Invertebrates, especially Arthropods.

Labbé’s classification (1899) into families is generally
followed with modifications. = Kamm (1922) divides the
group into twelve families. Reichenow (1929) has combined
two of these, Lecudinide and Polyrhabdinide, into one,
which has been transferred to HaprLocyTa in this work.
Reichenow has also transferred the family Porosporide to
this group, while two new families, Monoductide and Hyalo-
sporinidz, have recently been described by Ray and Chakra-
varti (1933), and a third, Kofoidinide, by Henry (1933).
Of these there does not seem to me to be sufficient justification
for separating the Hyalosporinide from the Stenophorida, and
Kofoidinidz is placed under HapLocyTA in this work. There
are thus eleven families in this legion.
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Identification Table of Families.

Sporonts in associations or solitary ....
Sporonts in associations of 20r 3......
Associations of 2; form syzygies early.
Development intracellular. Epimerite
absent or weakly developed. Gameto-
cysts dehisce by simple rupture. Sporo-
cyst ovoidal, with equatorial line ....
Associations of 2 or 3. Development
extracellular. ......... T
Epimerite a small simple papilla.
septum in satellites. Gametocysts de-
hisce by simple rupture. Sporocysts
ellipsoidal. Entire life-cycle in a single
host........ovviiiieiiiiiin,
Epimerito absent or weakly developed.
Gametocysts dehisce by simple rup-
ture, setting free ‘‘ gymnospores.”
Cycle shows alternation of hosts .....
Sporonts solitary or in associations up
to 12. Epimerite simple, symmetrical.
Development extracellular. Gameto-
cysts dehisce by simple rupture or by
spore-ducts.  Sporocysts oval or
barrel-shaped ....................

velopmont intracellular. Gametocysts
dehisce by simple rupture. Sporo-
cysts ovoidal, with equatorial line, not
oxtruded in chains
Epimorite more or less complex. Devel-
opment oxtracellular
Gametocysts dohisce by simplo rupture
or by means of a lateral pseudocyst. . .
Gametocysts dehisco by simple rupture.
Epimerite a large cup bordered with
hooks and placed on a long, slender
nock. Sporocysts crescentic
Epimerite without a long neck. Sporo-
cysts crescontic ......o..iiiieae..,
Sporocysts irregular, biconical or cylin-

dro-biconieal, not provided with bristles.

Sporocysts with oquatorial and polar
BPINON oo vv v i iii ittt
Gametocysts dohisce by means of a
lateral pseudocyst or by simple rupture.
Epimerite agymnetrical, bearing digiti-
form or root-like prolongations. Sporo-
cysts elongate, cylindrical or ellipsoidal.
Epimerite symmetrical, with or without
appendagos. Sporocysts pouch-like,
brown or black, in chains ........ v
Gametocysts dehisce by a single elon-
gated spore-duct
Epimerite a small elevation with prongs
atitsbase. Development intracellular.
Sporocysts compressed, broadly spindle-
shaped, with median ridge on dorsal
surface .........
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1. Family STENOPHORIDA Léger & Duboscq,
1904.

Development intracellular. Trophozoites solitary. Kpi-
merite absent or of a simple structure. Gametocysts dehisce
by simple rupture. Sporocysts ovoidal, with broad epispore
and with equatorial line. Not extruded in chains. Parasitic
in Diplopods.

Key to Indian Genera.
1 (2). Epimerite absent or rudimentary. Sporo- [p. 91.
cyst ovoidal, with equatorial line........ STENOPHORA Labbé,
2 (1). Epimerite small, tongue-like, bordered by
a collar at its base. Sporocyst oval, with [Chak., p. 92.
& surrounding hyaline membrane ....... HyYALOSPORINA

Genus STENOPHORA Labbé, 1899.

Gregarina (part), Frantzius, 1848, pp. 191-4.

Stenocephalus, Aimé Schneider, 1875, p. 584.

Stenophora, Labbé, 1899, p. 15; Minchin, 1903, p. 198; Légor &
Duboscq, 1904, pp. 361-79 ; Watson, 1916, p. 48 ; Kamm, 1922,
p. 10; Reichenow, 1929, p. 894 ; Kudo, 1931, p. 297 ; Calkins,
1933, p. 561.

Trophozoites solitary. Epimerite absent or a mere knob.
Gametocysts open by simple rupture. Sporocysts oval, with
a broad epispore and with an equatorial line. Not extruded
in chains.

Key to Indian Species.

Epimerite round ; protomerite bottle-shaped,
with a process at its posterior end; p. 91.
deutomerite ellipsoidal. Nucleuselliptical. . ellipsoidi Chak.,
Epimerite conical or rounded; protomerite
rounded anteriorly and flattened at the
septum ; doutomerite elongated, tapering [p. 92.
posteriorly. Nucleus spherical ......... S. khagendra Ray,

28. Stenophora ellipsoidi Chakravarti. (Fig. 30.)
1Stenophora ellipsoidi, Chakravarti, 1934, pp. 164-8, figs. 1-6.

Young trophozoite intracellular, with a round epimerite and
a bottle-shaped protomerite ; not known to penetrate beyond
the nucleus of the epithelial cells. Sporonts ellipsoidal.
Epimerite persists for some time. Protomerite in the adult
has its posterior end drawn out into a small blunt process
which produces a depression in the septum. Deutomerite
ellipsoidal, grows more rapidly than the protomerite. Nucleus
elliptical and variable in position. Gametocysts spherical,
develop outside the body of the host, and dehisce by simple
rupture. Sporocysts spindle-shaped, octozoic.
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Dimensions.—Trophozoite, young 8-10-25p in length by
4p in width ; sporonts 250-372p by 50-95u ; gametocysts
118-172 . ; sporocysts 10u by 4 u.

Habitat.—Mid-gut of a Millipede, Diplopoda sp. : BENGAL,
Calcutta.

29. Stenophora khagendree Ray. (Fig. 31.)

1Stenophora khagendrze, Ray, 1933, pp. 343-51, figs. 1-9.

Young trophozoite intracellular, with a hyaline, conical
or rounded epimerite. Sporonts solitary, * parrot-shaped.”
Epimerite disappears. Protomerite rounded at the anterior
end and flattened at the septum, slightly broader than long.

Fig. 31.
Fig. 30.

y . AR
Fig. 30.—Stenoplora ellipsoida Chak. (After Chakravarti.)

Fig. 31.—Stenophora khagendra Ray. A young trophozoite.
(After Ray.)

Deutomerite up to eight times as long as the protomerite and
one and a half times as broad, broadest slightly behind the
septum, and in full-grown individuals gracefully tapering
towards the posterior end. Nucleus spherical. Gametocyst
spherical, dehiscing by simple rupture to release spindle-shaped
sporocysts.

Dimensions.—Trophozoite, young 10-30u in length by
6-16u in width ; sporont, 225y by 56u ; gametocyst 100-
123 u in diameter ; sporocysts 10-25u by 4 .

Habitat—Intestine of a Millipede (belonging to a new species
and probably to a new genus) related to Zikadesmus Chamb. :
BENGAL, Calcutta.

Genus HYALOSPORINA Chakravarti, 1935.

Hyalosporina, Chakravarti, 1935, pp. 211-18 ; Chakravarti & Mitra,
1936, p. 346.

Sporonts solitary. Epimerite a small tongue-like elevation
bordered by a collar at its base. Gametes dissimilar ; during
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fertilization only the nucleus of the male gamete transferred
to the female gamete. Gametocysts dehisce by simple rupture.
Spores oval, with a surrounding hyaline membrane.

Remarks.—Characters such as intracellular development, the
simple nature of the epimerite, solitary sporonts, and dehiscence
of cysts by simple rupture clearly indicate the relationship
of the genus with the Stenophoridee. In the trophozoito the
nucleus is tethered to the pellicle by inyonemes, in this respect
resembling Monoductus, but: the spore has a hyaline membrane
round it and is quite unlike that of either Monoductus or
Stenophora. On this basis Chakravarti places the genus
in a new family, Hyalosporinide, intermediate between
Stenophoride and Monoductide. The genus has so many
characters in common with the Stenophorida that [ do not
consider it necessary to place it in a new family on the basis
of the character of the spore alone, especially when we remember
that the character of the spore is not known for the majority
of the species of Stenophora nor for both the other gencra
previously referred to the family.

Key to Indian Species.
1 (2). Sporonts 800-1111 by 80-1114x. Gam-

etocysts oval, 292--390 u by 263-375 p. |p. 93.
Sporocystsoval, 8 uby6pu ......... H. camholopsisz Chalk.,

2 (1). Trophozoites 130-173 x by 37-70 p.
Gametocysts sphorical, 96-120 p In
diametor. Sporocysts oval, 6:2 u by [p. 95.
4120 e, H. rayi Chak. & Mitra,

30. Hyalosporina cambolopsisee Chakravarti. (Fig. 32.)

THyalosporina cambolopsisze, Chakravarti, 1935, pp. 211-18, pl. vii,
figs. 1-19.

Youngest forms penetrate the epithelial cells, pass boyond
the nucleus, and develop intracellularly. Older forms, measuring
43-150pu by 14-30u, are attached to the epithelial cells by
an epimerite and grow extracellularly. Epimerite a simple
structure, consisting of a dark'y staining collar or ring, which
grasps the host-cell, and a tongue-like process, which is
inserted into the cell. In still older forms very fine root-
like processes are seen to arise from the ring and project over
the tongue-like elevation. Protomerite small and conical
in shape, with its orifice plugged by a darkly staining granule
which disappears later, the pellicle becoming thickened in
this region. Deutomerite the longest segment and circular
in transverse section. Longitudinal epicytal striations more
prominent on the deutomerite than on the protomerite ;
a very thin homogeneous layer of sarcocyte, and below that
a layer of circular myonemes or myocyte to which the nuclear
myonemes are tethered. Nucleus spherical, measuring 55u
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by 354, and containing a spherical karyosome measuring 15p
in diameter. Two sets of myoneme fibres, arising from the
nuclear membrane, run backwards and are tethered to the
myocyte in the side-wall. Oval gametocysts are expelled

Fig. 32.—Hyalosporina cambolopsisze Chakravarti. A4, young tropho-
zoite growing intracellularly ; B, older trophozoite, with
epimerite attached by the collar and the tongue-like process
thrust into the host-cell ; protomerite is at the breaking-
point, and shows the granule ; C, adult trophozoite, with the
nucleus tethered to the side-wall by the myonemes; D,
mature sporocyst, showing the hyaline membrane, and eight
sporozoites. (After Chakravarti.)
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with the host’s excreta and complete development in five or six
days if kept in a moist chamber. Gametes dissimilar ; male
gametes have one end pointed and female gametes are spherical.
During fertilization only the nucleus of the male gamete is
transferred to the female gamete. Gametocysts dehisce by
simple rupture and release oval sporocysts. A hyaline mem-
brane, more prominent at one pole than the other, surrounds
each spore, and eight sporozoites are arranged superficially
along the long axis of the spore.

Dimensions.—Trophozoites, young, attached, 43-150u by
14-30p ; sporonts 800-1111p in length by 80-111u in
breadth ; gametocysts 292-390u by 263-375u ; sporocysts
8u by 6pu.

Habitat.—Alimentary canal of a Millipede, Cambolopsis sp. :
BENGAL, Calcutta.

31. Hyalosporina rayi Chakravarti & Mitra. (Fig. 33.)

tHyalosporina rayt, Chakravarti & Mitra, 1936, p. 346 ; Chakravarti,
1936, pp. 116-20, figs. 1-5.

Sporonts solitary, with early intracellular growth. Tropho-
roites elongate, the broadest part being slightly behind the

Fig. 33.—Hyalosporina rayt Chak. & Mit. A, trophozoite;
B, sporocyst. (After Chakravarti.)

septum. Epimerite a rounded structure with a darkly
staining area at its anterior extremity. Protomerite small
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and triangular in shape, with a darkly staining dot or special
type of granules. Deutomerite broader anteriorly, gradually
tapering posteriorly, packed with granules. Nucleus spherical,
with a central karyosome in the young forms, oval in the adult,
tethered to the pellicle by two sets of myoneme fibres. Game-
tocysts spherical, rupturing by simple dehiscence. Sporocysts
elongate oval, with an outer hyaline coat which is prominent
at both poles. On one side of the spore there is a circular lid-
like structure which stains deep brown with Lugol’s solution.
Dimensions.—Trophozoites 130-173u by 37-70u ; gameto-
cysts 77-116-5 u in diameter ; sporocysts 6-2 u by 4-12 p.
Habitat.—Alimentary canal of the Millipedes Polydesmus sp.
and Strongylosoma contortipes Attems : BENGAL, Calcutta.

2. Family GREGARINIDA Labbé, 1899.

(Syn. CLersIDRINIDZE Léger, 1892.)

Epimerite symmetrical, simple. Sporonts solitary or in
associations up to 12. Development extracellular. Gameto-
cysts with or without sporoducts, sporocysts symmetrical.
Confined mostly to insects.

Kamm (1922) enumecrates eleven genera as belonging
to this family, and others have been described since. Only
five genera are known from India.

Key to Indian Genera.

1 (3). Sporonts solitary ................... 2,

2. Epimerite a simple, sessile knob. Dehis-
conce by spore-ducts.  Sporocysts [p. 97.
barrel-shaped, in chains ............ Lerpyana Watson,

3 (1). Sporonts in associations of 2 or more
idividuals ...l 4.

4 (7). Sporonts associated in pairs .......... 5.

5 (6). Epimerite a simple globular or cylindrical
papilla.  Dehiscence by spore-ducts.
Sporocysts barrel-shaped or cylindri- [p. 98.
cal,inchains ...................... GrrgaRINA Dufour,
6 (5). Satollite with a septum. Epimerito
dilated anteriorly liko a caulifiower
and narrower at the base. Dehiscence

by simple rupture. Sporocysts ovoidal [& Set., p. 102.
orspherical ............. ... 0. CavrLocEPHALUS Bh.

7 (4). Sporonts in associations of 2 to several
individuals ... oo 8.

8 (9). Sporonts attenuato, often attached
atorally. Gametocysts not known.
Sporocysts barrel-shaped, with a spine [Pinto, p. 103.
ateach corner .................... PROTOMAGALHZZENSIA
9 (8). Sporonts in associations of 2 to 12 or
more. Epimerite a small cylindrical
papilla. Gametocysts spherical, de-
hisce by simple rupture. Sporocysts [p. 105.
ovoidal ............. .. ... oLl HirmocysTis Léger,
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Genus LEIDYANA Watson, 1915.
Leidyana, Watson, 1916, p. 356; 1916, p. 44; Kamm, 1922, pp. 10,
72; Reichenow, 1929, pp. 895-6 ; Kudo, 1931, pp. 206-17.
Sporonts solitary, epimerite a simple globular sessile knob.

Gametocyst possesses spore-ducts. Sporocysts barrel-shaped,
in chains.

32. Leidyana gryllorum (Cuénot) Watson. (Fig. 34.)
Clepsidrina gryllorum, Cuénot, 1897, pp. 52- 1.
Gregarina macrocephala, Labbé, 1899, p. 10.

Gregarina gryllorum, Cuénot, 1901, pp. 594-5.
Leidyana gryllorum, Watson, 1916, pp. 120-1, fig. 209.
TLeidyana gryllorum, Bhatia & Setna, 1924, p. 288.

Sporonts solitary, never associative, cylindrical. Ratio of
length of protomerite to total length 1 : 5 ; width of protomerite

Fig. 35.

Fig. 34

Fig. 34¢.—Leidyana gryllorum (Cuénot). (After Cuénot.)
Fig. 356.—Leidyana xylocopa: Bh. & Set. (After Bhatia and Setna.)

-to width of deutomerite 1: 1-1. Epimerite globular and
sessile. Protomerite subspherical, with deep constriction
at septum. Deutomerite cylindrical, generally conical at the
end. Nucleus spherical, generally with three karyosomes and
numerous fine chromatin particles. Gametocysts spherical
or ovoidal. Spore-ducts 3-8 » in length; sporocysts barrel-
shaped.

Dimensions.—Sporonts 420 p. in length ; gametocysts 190
240 p in diameter ; sporocysts 7 u in longer axis.

SPOR. H
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Remarks.—Watson (1916) has separated this species from
L. erratica ; but Bhatia and Setna (1924) are inclined to fioubt
if L. erratica and L. gryllorum are really distinct. Specimens
having a broadly rounded protomerite may be rounded pos-
teriorly, and conversely a specimen which might be referred
to L. gryllorum (by virtue of a deep constriction at the septum
and a conical posterior end) may possess a protomerite which
is conical anteriorly. Several specimens show intermediate
conditions in all these respects.

Habitat—Gizzard and mid-gut of Gryllus sp.: PUNJaB,
Lahore.

33. Leldyana xylocopee Bhatia & Setna. (Fig. 35.)
fLeidyana zylocope, Bhatia & Setna, 1924, pp. 279-81, figs. 1-8.

Body eclongate and cylindrical, rounded anteriorly and
slightly tapering posteriorly, chalky-white in colour and filled
with paraglycogen granules. Epimerite a large, simple,
sessile knob, narrowing but slightly near the base. Length of
protomerite to total length as 1:10; width of protomerite
to width of deutomerite as 1:1-4. Sporonts always solitary,
varying in form and size. Length of protomerite to total
length as 1:4-6-7: width of protomerite to width of deuto-
merite as 1:1-:3-1-8. Protomerite rounded or dome-shaped,
and there is a deep constriction at the septum. Deutomerite
clongate, slightly broader in the middle and tapering
posteriorly ; posterior end always rounded. Nucleus varies in
position in the deutomerite, and is a large rounded vesicle with
a sharply defined membrane and a large spherical karyosome.
Gametocysts and sporocysts not known.

Dimensions.—Fairly large cephalont 90w in length ; sporonts
23-174 p in length.

Habitat.—Alimentary ecanal of the carpenter bee. Xylocopa
aestuans (Linn.) : Punjas, Lahore.

Genus GREGARINA Dufour, 1828.

Qregarina, Dufour, 1828, p. 366.

Clepsidrina (corr. Clepsydrina), Hammerschmidt, 1838, p. 355.

Gregarina (part), Stein, 1848, p. 199.

Gregarina, Schuoider, 1873, pp. 515-33.

Clepsydrina, Aimé Schneider, 1875, p. 572.

Gregarina, Labbé, 1899, p. 9; Watson, 1916, p. 43 ; Kamm, 1922,
p: 11; Wenyon, 1926, p. 1117; Reichenow, 1929, pp. 894-5;
Kudo, 1931, p. 296 ; Calkins, 1933, p. 561.

Sporonts associated in pairs. Epimerite a simple globular or
cylindrical papilla. Gametocysts with spore-ducts; sporo-
oysts barrel-shaped or cylindrical, extruded in chains.
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34. Gregarina aeciculata, sp. nov. (Fig. 36.)

tGregarine parasite, ** species B,” Cornwall, 1915, pp. 130-1, pl. x,
fig. 31; pl. xi, figs. 37, 38. .

Young trophozoite intracellular in a swollen cell of the
stomach. Full-grown trophozoite cordate, with a long acicular
epimerite, penetrating between the epithelial cells right down
to the basement membrane. Free individuals often assume
peculiar shapes during syzygy. Sporonts coalesce, acquire
a common capsule, and become small, white, shining gameto-
cysts, only just visible with a lens. These cysts are passed out

B

Fig. 36.—Gregarina aciculata, sp.nov. A, adult trophozoite ; B, gameto-
- cyst with spores coming out in a long chain. (After Corn-
wall

* with the feces, and often several are found in the same mass.
Gametocysts possess a thick, smooth wall and a central sporal
mass. In the course of seven days or so protrusions from the
inside develop into curved or angular tubes about as long as the
diameter of the cyst. Sporocysts are then thtust out through
these tubes in long strings. Sporocysts very small, about 4
by 2u, symmetrically curved, and joined end to end. Dehis-
cence is along one border. )
H
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Remarks—This species is more abundant than the larger
one found in the same host.

Habitat.—Mid-gut of Lepisma saccharina Linn. (?) : MADRAS,
Coonoor.

35. Gregarina cornwalli, sp. nov. (Fig. 37.)
tGregarine parasite, * species A,” Cornwall, 1915, pp. 128-30, pl. xi,
figs. 31 A-36.

Large ; clearly visible to the naked eye when freed from the
stomach of its host. In the fully developed trophozoite the
epimerite contains a delicate transverse septum, and is
divided off from the protomerite by another well-defined

Fig. 37.—@Qregarina cornwallz, sp. nov. A, adult trophozoite ;
B, chain of sporocysts. (After Cornwall.)

septum. A trophozoite does not have its attachment in
any particular cell ; the globular epimerite appears to be held
in a cavity, that it has formed, by the pressure of the neigh-
bouring cells round its neck. Several cells scem to have been
destroyed to make room for it. In dissections trophozoites
readily frec themselves from their attachments, either leaving
the epimerite behind or soon casting it off. The remaining
two segments wander about the field. Deutomerite contains
an irregular-shaped nucleus in its anterior part. Nucleus
contains a distinct, centrally placed karyosome, with a ring of
chromatin material round it. Sporonts coalesce and surround
themselves with a common capsule. Gametocyst rapidly
becomes globular and is discharged with the feeces. After about
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Dimensions.—Sporonts 819-975u by 97-190u ; gametocysts
125-175u by 95-125 .

Remarks.—Full observations have not yet been published,
and it is not certain that the form is distinct from other
previously known species.

Habitat.—In the intestine of Scolopendra sp.: BENGAL,
Calcutta.

5. Family MONODUCTIDA Ray & Chakravarty,
1933.

Sporonts solitary. Epimerite a small elevation with prongs
attached to its base. Gametes dissimilar. Gametocysts
dehiscing by a single elongated spore-duct. Sporocysts
compressed, of broad spindle-shape, with median ridge on
dorsal surface.

Genus MONODUCTUS Ray & Chakravarty, 1933.
Monoductus, Ray & Chakravarty, 1933, p. 359.
With the characters of the family.

42. Monoductus lunatus Ray & Chakravarty. (Fig. 42.)

tMonoductus lunatus, Ray & Chakravarty, 1933, pp. 352-60, pl. ii,
text-figs. 1-5.

Young trophozoite intracellular. TFull-grown trophozoite
elongate, widest slightly behind the septum. Epimerite
knob-like, with twelve to sixteen stiff, radiating processes
attached to its neck. Protomerite more or less conical,
relatively very small, with an orifice at its anterior extremity,
through which longitudinal myonemes run connecting the
base of the epimerite with a raised disc-like platform arising
from the middle of the septum. There is a series of transverse
myonemes also, just underlying the pellicle. Deutomerite
elongate, circular in transverse section, with circular myonemes
well developed, and with the cytoplasm usually packed with
granules, which give the organism an opaque yellowish-white
appearance. Nucleus contains a single spherical karyosome,
and is shaped like a parachute, a number of fibrils running
back from its posterior concave surface which vary the form
and position of the nucleus. Prior to association, sporonts
develop posterior pseudopodial processes by which coupling
iseffected. A thin transparent cyst is formed round the paired
gametocytes. The spherical gametocysts are expelled with
the host’s excreta and complete their development in three
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or four days if kept moist. There is no distinction between
the gametocytes, but one gives rise to slightly drawn out
and pointed (male) gamctes and the other to perfectly
elliptical (female) gametes. Sporocysts compressed, truncate
at one pole, and with a median ridge. They are released
through a single spore-duct in a long chain formed of pairs
set obliquely.

Fig. 42.—Monoductus lunatus Ray & Chak. A, adult; B, same,
showing the orifice in the protometerite and the longi-

tudinal myonemes passing through it. (After Ray and Chak-
ravarti.)

Dimensions.—Full-grown trophozoite 225-445 u by 33-
47p ; length of epimerite 7-5-10-25u; nucleus 30 by 12u;
gametocysts 225-230u ; sporocysts 10-25u by 4 p.

Habitat.—Alimentary canal of a Millipede, Strongylosomu
contortipes Attems : BENGAL, Calcutta.



SCHIZOGREGARINARIA. 111

II. Suborder SCHIZOGREGARINARIA
Léger, 1900.

(Syn. AM@BOSPORIDIA A. Schneider, 1884.)

The Schizogregarines are parasites of the digestive tract and
appended organs (e.g., Malpighian tubules) of Arthropods,
Annelids, and Tunicates. The sporocyst gains entrance into
the digestive tract of the specific host and the sporozoites are
set free. These develop into trophozoites either in the lumen
of the gut or within the cells of the host and undergo schizogony,

Fig. 43.—Life-cycle of a typical Schizogregarine, Schizocystis gregari-
noides Léger. A, sporozoite escaping from the spore ; B-E,
growth of the sporozoite into the multinucleate schizont, of
which there are two types, tho vermiform schizont (¢) which
attaches itself to the epithelial cell by its anterior end, and
the massive schizont (b) which lies free in the gut of the host ;
F, division of the schizont into a number of merozoites, which
may grow into schizonts again (G, G®), or grow into gamonts
(G®); H, young gamonts ; I, association of two full-grown
gamonts ; J, formation of a common cyst rpund the two ;
K, division of nuclei in each gametocyte; L, formation of
gametes ; M, fusion of gametes in pairs; N, each zygote
becomes an odcyst and develops eight sporozoites in it.
(After Léger.)
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which may be binary or multiple fission or budding. As in
EUGREGARINARIA, two full-grown trophozoites (sporonts)
associate and give rise to gametes, which conjugate to produce
zygotes. Each zygote becomes an odcyst. The number of
oocysts produced by each pair of gametes varies from one to
thirty. Each odcyst, popularly called a spore, contains one
to eight sporozoites.

Léger and Duboscq (1908) divided the suborder into Poly-
sporidea and Monosporidea according to the number of
oocysts produced by a pair of associated Gregarines. Fantham
(1908) on the other hand divided the group into Endoschiza
and Ectoschiza, according as schizogony took place within a
cell or was extracellular respectively. Keilin (1923) is of the
opinion that neither of these classifications is a natural one,
and that it is not impossible that the process of schizogony
has been secondarily acquired by some members of the
EuGrEGARINARIA and that the various genera of SCHIZOGRE-
GARINARIA will ultimately be distributed among the families
of the EUuGrREGARINARIA. Wenyon (1926) and Ray (1930)
have supported this view.

Reichenow (1929) does not group the genera into families,
but Minchin (1912), Doflein (1916), and Calkins (1926) recog-
nized a number of families, each based on one or two genera.

Identification Table of Families.
1 (7). Gametocyst contains a single o6cyst . 2.

2 (4). Obcyst contains & single sporozoite .. 3.

3 Gregarine spirally wound or cres- [Dub.
contic ; schizogony intracellular ... Spirocystidee * Lég. &

4 (2). Od6ceyst contains eight sporozoites. ... 5.

5 (6). Gregarine ovoid, with an opimerite ; [Porter.
schizogony intracellular .......... Merogregarinide *

6 (5). Gregarine conical, with pseudopodial
processes along its base ; schizogony [& Dub.
oxtracellular. .................... Ophryocystidee * Lég.

7 (1). Gametocyst contains many oéeysts .. 8.

8 (15). Only one type of schizogony ....... .

9 (12). Schizogony intracellular ........... 10.

10 (11). Gregarine elongated, with longitudinal

striations, and chromatic bodies at
tho anterior end. Gametocyst con-
taing many odécysts, each containing
four or oight sporozoites .......... Selenidiidee * Brazil f.
11 (10). Gregarine elongate. Gametocyst con-
tains sixtoon oocysts, cach containing

eight sporozoites ................ Lipotrophidae * Keilin.
12 (9). Schizogony extracellular ........... 13.
13 (14). Gregarino vermicular. jametocyst
contains large number (about thirty)
of odcysts, each containing eight [Dub.
SPOFOZOILOS « .\ vvvvvnirennnne.nn, Schizocystidee * Lég. &

:t Aéc;)rding- to Rb.y (1930)- certain sbréré'i“e';;f: ‘Selem—du;m do inﬂt-xt
show any schizogony.
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14 (13). Gregarine ovoid, with & process for

attachment. Gametocyst contains

eight odcysts, each containing eight

SPOTOZOILES .. .....ovvvvvrnnnnann Caulleryellidee * Keilin.
15 (8). Two types of schizogony, one intra-

cellular and tho other extracellular.

Gametocyst contains a large number

of oocysts, each containing eight [yavlensky.

SPOTOZOItES . ....vvvvvvvinninnnnnn Menzebleride * 1Bogo-

Up to the present time nobody has worked on the
Schizogregarines of India.

II. Order COCCIDIA ILeuckart, 1879.

The Coccipia have a wide distribution, occurring as para-
sites in the Vertebrates as well as the higher Invertebrates.
They are generally found as parasites of the epithelium of the
digestive tract and associated glands. Alternation of gencra-
tions is invariably present: asexual reproduction is by
schizogony, and is followed by sexual reproduction by, in
most cases, anisogamy. During the whole of their growth
the male and the female gametocytes are apart and develop
independently of one another. The male gametocyte generally
produces a relatively large number (six or more) of male
gametes. Both kinds of reproduction take place in the body
of one and the same host (except in the Aggregatide and
the Hemogregarinide). The Coccrpia are divided into two
suborders, as follows :—

1. Gametocytos dissimilar in sizo ; associated
with each other during the later part of [p. 113.
trophic life ; microgametes fow ........ Adeleidea Léger,

2. Gamotocytes similar in size ; independent,
each microgametocyte developing into [p. 156.
NUMErous mMicrogametes ............... Eimeridea Léger,

I. Suborder ADELEIDEA Léger, 1911.

The schizonts develop into micro- and macrogametocytes
which become closely associated and develop in contact with
one another. The microgametocyte produces a few (two or
four) microgametes. The zygote divides into numerous
sporoblasts, each of which develops into a sporocyst with two
or four sporozoites. These sporozoites, which are small
gregarinule, penetrate the epithelial cells of the host and
grow into large rounded or oval schizonts (agamonts). The

SPOR. 1
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nucleus undergoes repeated division and the schizont divides
into a corresponding number of merozoites, which are set
free within the lumen of the organ. Each merozoite infects
another cell. After several such generations the merozoites
develop within the cell into micro- and macrogametocytes.
Léger (1911) divided the suborder into three families,
Hemogregarinide, Legerellide, and Adeleid, on the basis
of the number of sporocysts and contained sporozoites.
Reichenow (1921 and 1929) grouped all the genera in a single
family, Adeleidee Léger, emend. Noller (1928), after con-
sideration of the various schemes proposed, is in favour of
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Fig. 44.—S8tages in tho life-cycle of Adelina dimidata. a typical member
of the suborder. (x1700.) 4, association of macroga-
metocyte and microgamotocyte ; I3, nuclear division in
microgametocyte and formation of gametic nuclei; O, Sporo-
cyst with two sporozoites.  (From Wenyon, after Schellack.)

employing Léger’s system, as a matter of practical con-
venience, until a generally recognized natural system can
be adopted.

Following Kudo (1931), the suborder is here divided into
two families, Adeleidee and Hamogregarinide, which corre-
spond to the two suborders of similar name of Wenyon
(1926).
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Identification Table of Families.

1 (2). Parasitic in the epithelium of the digestive
tract and its appended glands, chiefly of
Invertebrates. Zygote motionless ; be-
comes enclosed in a resistant odcyst,
which does not increase in size. The
sexual and asexual cycles occur in one [emend., p. 115
host ... Adeleida Léger,
2 (1). Parasitic in the cells of the circulatory
gystem of Vertebrates. Zygote motile ;
forms an oécyst which increases in size.
Alternation of hosts, asexual cycle in
a Vertebrate and soxual cycle in an [Léger, p. 117.
Invertebrate...........cooveveeeeennnn Hamogregarinidae

1. Family ADELEIDA Léger, 1911, emend.

Two gametocytes, one of which is smaller in size, unite in
a kind of pseudo-conjugation. The nucleus of the micro-
gametocyte divides once or twice, and one of its products
enters the macrogamete and fuses with its nucleus. The
zygote is motionless and becomes enclosed in a resistant
ooeyst, which does not increase in size. The sexual and
asexual cycles occur in the same host. They are intestinal
parasites of Invertebrates, and infection is contaminative.

Wenyon (1926) raised the group to the rank of a suborder,
under the title ADELEIDEA, and divided it into four families,
viz., Dobellidee Ikeda, 1914 ; Legerellidee Léger, 1911 ;
Adeleidee Mesnil, 1903 ; and Klossiellide Wenyon, 1926.
Reichenow (1929) and Kudo (1931) place the family Dobellide
in the suborder EmMERIDEA. The other genera so far known
can conveniently be treated as belonging to a single family.

Key to Indian Genera.

1 (2). Odeyst thin-walled, containing numerous [p. 115.
disc-shaped spores...........ccoovunnn. ADELEA Schneider,

2 (1). Oveyst thick-walled, containing smaller [p. 1186.
number of spherical spores ............ AprriNA Hesse,

Genus ADELEA Aimé Schneider, 1875.

« Adelea, Aimé Schneider, 1875, p. 598 ; Schaudinn & Siedlecki, 1897,
p. 193; Labbé, 1899, p. 56 ; Perez, 1899, pp. 694-6 ; Minchin,
1903, p. 233 ; Dobell, 1907, pp. 155-62; Jollos, 1909, pp. 249~
62 ; Schellack & Reichenow, 1910, pp. 380-3 ; 1915, pp. 425-60 ;
Léger, 1911, pp. 71-88 ; Debaisioux, 1911, pp. 269-66 ; Minchin,
1912, p. 352; Greiner, 1918, pp. 522-9 ; Wenyon, 1926, p. 1069 ;
Noller, 1928, p. 189; Reichenow, 1929, p. 912; Kudo, 1931,
pp- 277-8; Calkins, 1933, p. 544.

The zygote develops into a large thin-walled ogcyst which
12
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contains a variable number of flattened sporocysts, each with
two sporozoites. Other characters as in the suborder and the
family.

43. Adelea pachelabre de Mello.

tAdelea pachelabree, de Mello, 1921, p. 242.
Adelea pachylabrae, Wenyon, 1926, p. 1069.
Adelea pachelabrze, Reichenow, 1929, p. 912.

Schizonts show a sexual dimorphism. Macroschizonts
rounded or oval, with the cytoplasm markedly alveolar,
containing granules of reserve material, and the nucleus
surrounded by a distinct membrane. Binary fission equal or
unequal, leading to formation of up to sixtecn nuclei. Micro-
schizont has a feebly alveolar, non-granular cytoplasm,
and the nucleus is compact and stains deeply. Macro-
merozoite is oval, with alveolar cytoplasm and spherical
nucleus. Micromerozoite is oval or fusiform, and its nucleus
contains a distinct karyosome. Fertilization is preceded by
the association of gametes, one or several male gametes
(micromerozoites) being attached to a female gamete (macro-
merozoite). Female gamete is rounded oval, and possesses
a voluminous nucleus which does not show a karyosome.
Male gamete is generally smaller and attaches itsclf to one
of the poles of the female gamete. Zygote develops into an
oveyst: with two binucleate sporoblasts, each nucleus repre-
senting a future sporozoite.  Sporocysts dizoie.

Remarks—Wenyon (1926) considers it doubtful if this
parasite belongs to this genus.

Habitat.—Intestine and  digestive glands of a Molluse,
Pachelubra meestre Reeve : PORTUGUESE Tnpia, Nova Goa.

(GGenus ADELINA Hesse, 1911.

Klossia (part), Aimé Schueider, 1885, p. 7.
Adelea (part), Labbé, 1896, p. 536 ; 1899, p. 56 ; Minchin, 1903,
pp. 233, 235, 332,
Adelina. Hesse, 1911, pp. xv-xix; Wenyon, 1926, pp. 1070-2;
Reichenow, 1929, pp. 912-4: Kudo, 1931, p. 278 ; Calkins, 1933,
p- 566 ; Reichenow, 1935, pp. 371-2.
Oocyst thick-walled. Sporocysts spherical and compara-
tively few in number.

44. Adelina schellacki Ray & Das-Gupta.
Adelina schellacki, Ray & Das-Gupta, 1937, p. 291.

Oocyst oval or egg-shaped, without residue ; eight spherical
sporoblasts, with two sporozoites, developed in each within
10 to 15 days if the unsegmented ocysts are kept in a moist
chamber. The oieystal membrane ruptures after being in
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the moist chamber for four or five days, and along with this
the unused microgametes are discarded.

Habitat.—Intestine of the centipede, Cormocephalus dentipes
Poc. : BENGAL, Calcutta.

2. Family HEMOGREGARINIDA Léger, 1911.

The researches of Reichenow and others have shown the
coccidial nature of the Hamogregarines, long known to occur
in the red or white blood-corpuscles of all classes of Vertebrates.
They are in reality Cocorpia, which have certain stages adapted
to life within the circulating cells of the Vertebrate blood.
Schizogony may or may not take place in the blood-corpuscles,
but the gametocytes always enter the blood-corpuscles. The
fertilization process is of the Adelea-type. The formation of
odeyst and sporozoites takes place in the body of the blood-
sucking Invertebrate, which in turn transfers the sporozoites
to a second Vertebrate host.

The group is also related to Lankesterellide, in which the
life-cycle is typical of that of EIMERIDEA and takes place either
in the intestine (the usual habitat of Coccipia)orin endothelial
cells of the blood-vessels.

Wenyon (1926) raised the group to the rank of a suborder,
under the title Hemogregarinidea, and divided it into three
families, viz., Heemogregarinide Neveu-Lemaire, 1901 ; Hepa-
tozoide Wenyon, 1926 ; and Karyoliside, Wenyon, 1926.
Reichenow (1929) included the Heemogregarines, as well as
Adelea. and related genera, in a single family, Adeleide Léger
emend. I have, however, followed Kudo (1931) in placing
the Haemogregarines in a separate family from the Adeleide.

Key to Indian Genera.

1 (3). Schizogony in the red blood-corpuscles
of tho internal organs of a Vertebrate . 2.
2, Gametogony and fertilization in tho
body of blood-sucking Invertebrate
(leech). Oocyst small, directly pro-

ducing eight sporozoites, without form- [Danilewsky, p. 119.
., ingsporocysts ..........c.ioiiiannn HAEMOGREGARINA
3 (1). Schizogony not in the red blood-cor-
puseles .. ... oot i 4.

4 (5). Schizogony in cells of the internal organs
(liver, splecn, bone-narrow, etec.) or
leucocytes of Vertebrates. Gameto-
gony and fertilization in the body of
a blood-sucking Invertebrate (tick,
mite, etc.). Odécyst increases enor-
mously in size, producing sporoblasts,
sporocysts, and sporozoites in the [p. 145.
O0CYBb v vvvevininnonrocnnonannons HepATOZOON Miller,



Fig. 45.—Life-cycle of Hmmogregarina stepanowi Danilowsky. The

figures to the right of the dottod line represent the phases
in the blood of the tortoise ; those to the left the phases in
the leech. A4, sporozoite ; B, C, early schizogony producing
a large number of merozoites ; D, merozoite penetrating a
blood-corpuscle ; K-H, later schizogony, in which few
merozoites are produced ; in F is seen the recurved vermicule
within the corpuscle: I, free merozoite about to enter
a corpuscle and repeat the stagos D-H, ot to initiate the next
phase ; J, K, final schizogonous generation which produces
the gametocytes; L, L,, sexuslly difforentiated merozoites
which grow up into micro- (M,) and macrogametocytes (M,)
respectively, and develop further in the leech when taken
up by it: N, association of micro- and macrogametocytes
in the gut of the leech ; O, formation of four microgametes
by the microgametocyte ; P, one of the microgametes has
penotrated the body of the macrogamete and fused with its
nucleus; @, zygote with synkaryon, the degenerating
remains of the male gametocyte are attached to it, and are
also seen in the next four stages ; R, S, 7, successive divisions
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5 (4). Schizogony in the endothelial cells of
blood-vessels of a Vertebrate. Game-
togony and fertilization in the body of
a mite. Obcyst produces sporoblasts,
which are liberated as motile vermicules
and infect the host’s eggs. The mite,
hatched from the egg, has the sporo-
cysts in its intestinal epithelium. These
are cast off and voided with the fweces,
which are eaten by the Vertebrate host.
The sporozoites make their way to the [p. 164.
endothelial cells ................... Karvorysus Labbé,

Genus HEMOGREGARINA Danilewsky, 1885.

Hemogregarina, Danilewsky, 1885, pp. 588-98.

Danilewskya, Labbé, 1894, p. 124.

Danilewskya+ Laverania, Billet, 1895, p. 30.

Hamogregarina, Labbé, 1899, pp. 767 ; Minchin, 1903, pp. 265,
266-7, fig. 77; 1912, pp. 372-6; Wenyon, 1926, pp. 1081-4;
Reichenow, 1929, pp. 924-7; Thomas & Robertson, 1929,
pp. 104-5, 109-10 ; Kudo, 1931, pp. 279-81 ; Reichenow, 1932,
p- 456 ; Calkins, 1933, pp. 545, 567.

Schizogony takes place in the red blood-corpuscles or other
cells of the body of Vertebrates, merozoites escape from
the original host-cell and infect other corpuscles or cells. After
several generations merozoites develop into gametocytes in
the red blood-corpuscles. These are taken up with the blood
by an Invertebrate (leech), in the gut of which association
of the micro- and macrogametocytes occurs. The gameto-
cytes escape from their host-cells, become more or less spherical,
associate in pairs, and a cyst-wall is formed, enclosing both the
macro- and microgametocyte. The microgametocyte produces
two to four microgametes, and the macrogametocyte forms
a single macrogamete. One of the microgametes fertilizes the
adjacent macrogamete, and a small odcyst is formed. The
odcyst directly produces eight sporozoites without the formation
of sporocysts.

The genus was founded by Danilewsky for the Hamogre-
garine H. stepanow: Danilewsky of the Kuropean tortoise.
The life-history was described by Reichenow (1910) and may
be followed from fig. 45.

45. Heemogregarina berestneffi Castellani & Willey. (Fig. 46.)

tHsmogregarina sp. (probably new), Berestneff, 1003, pp. 343-8,
pl. viii, figs. 1-9.

Hamogregarina berestneffi, Castellani & Willey, 1906, p. 397.

tH &mogregarina sp., Patton, 1908, p. 319.

tH amogregarina berestneffi, Dobell, 1910, p. 67, pl. ii, figs. 3-8.

Hamogregarina berestnieffi, de Mello, de 84, de’ Sousa, Dias, &
Noronha, 1917, p. 13.

tHamogregarina sp., Donovan (first recorded in Wenyon, 1926,

p- 1398).
Haxmogregarina berestnefli, Wenyon, 1926, p. 1398 ; Scott, 1926,
8.

P

Hamogregarina encapsulz, Wenyon, 1926, p. 1398.
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Intra-corpuscular individuals of various form.s.and sizes,
many of them showing a characteristic pink-staining sheath.
Free gregariniform individuals actively motile in the blood
plasma. Small forms enter by boring directly into the cor-
puscle. Occasionally the organism, on reaching the inside
of the corpuscle, rests for a few minutes and then wriggles out
again into the plasma.

Dimensions.—Length 26-28y ; width 4-5-5p.

Fig. 46.—Hamogreyaring berestneffi Cast. & Will. A, intra-corpuscular
form ; B, free form. (After Dobell.)

Remarks.—According to Berestneft the parasite lies within
a strongly refringent colourless capsule, both ends of which
arc rounded and curved, the whole embracing the displaced
nuclens of the corpuscle after the manner of a Halteridium ;
it shows a very close resemblance to H. magna, found in the
same hosts, but differs by the possession of a capsule. The
parasite was named H. berestneffi by Castellani & Willey
(1905), who, however, did not find the parasite in hosts of the
same species from Ceylon.  Dobell (1910) found the species
in Rana tigrina from Ceylon. Patton (1908, p. 319) notes
that he had the opportunity of studying no less than five
Hamogregarines in R. tigrine and R. hewaductyla and also in
the lecch which transmits them, but he does not mention the
species encountered.  Wenyon (1926, p. 1398) records H. en-
capsulic Berestneff as a parasite of R. limnocharis and both
H. encapsula: Berestneff and H. berestneffi Castellani & Willey
from R. tigrina. The name H. encapsula Berestneff is an
error, as Berestneff did not give this name to his form, and
80 it must be treated as a synonym.

Habitat.—Blood of Rana tigrine Daud. and R. limnocharis
Wiegmann : Bomsay, Bombay ; Rana tigring Daud. : CEYLON,
Colombo ; R. tigrina Daud. and R. hexadactyla Lesson, and
in the leech which transmits them : Mapras, Madras ;
R. tigrina Daud.: PortuGuESE InvIA, Nova Goa; also
R. tigrine Daud. from India, in the Zoological Gardens,
London.
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46. Heemogregarina cantliei Sambon & Seligmann. (Fig. 47.)

THaemogreg)arim sp., Laveran, 1905 (as noted in Wenyon, 1926,

p. 1392
tHeaemogregarina cantliei, Sambon & Seligmann, 1907 @, p. 1650 ;

1907 b, p. 310.
tHamogregarina sp., Patton, 1908, p. 318.

Hamogregarina cantliei, Dobell, 1908, p. 293; Phisalix, 1913,
pp- 304-7, 6 figs. ; Castellani & Chalmers, 1919, p. 487 ; Wenyon,
1926, p. 1392,

Hazmogregarina sp., Wenyon, 1926, p. 1392.

Adult sporonts club-shaped, the anterior third rounded or
globular and the rest of body tapering to a slender tail ; en-
closed within thick sausage-shaped capsules. Nucleus median
or nearer posterior extremity, oval or irregular in outline and
with chromatin frequently arranged in crogs-strands.

B

¥ig. 47.—Hamogregarina cantlies Samb. & Selig. A, uninfected cor-
puscle ; B, intra-corpuscular form surrounded by a capsuloe :
C, D, same without capsule ; ¥, free forms. (Aftor Phisalix.)

Dimensions.—Free sporonts, 16-18u in length by 3-5u
in breadth; tail 2-3u in length; nucleus 4u long by 3pu
broad.

Habitat.—Blood of the snake, Eryx conicus Schneid. (= Gongy-
lophis conicus) : MaDRAS, Madras.

47. Hemogregarina hankini Simond. (Iig. 48.)
tHsemogregarina hankini, Simond, 19016, pp. 183-5; 190le,
pp. 331-8, pl. vii.
tHamogregarina sp. (? H. hankins Simond), Dobell, 1910, pp. 68, 79,
pl. i, figs. 9, 10.
Hamogregarina hankini, Castellani & Chalmers, 1919, p. 486;
Wenyon, 1926, p. 1396.

The parasite has two forms, vermicular and oval. The
vermicular forms are large, doubled-up in the red blood-
corpuscles in the circulating blood. Sometimes the two
limbs approximately equal in thickness, sometimes one
considerably thicker than the other. Nucleus a compact
mass of deep, purple granules (Giemsa-stained). The oval
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forms also contain a nucleus which may be compact or frag-
mented. Certain large forms are schizonts. ]

Dimensions.—Vermicular form, length 12-15u ; schizonts,
20p in diameter.

A B C D E

Fig. 48.—Hamogregarina hankini Simond. A, large form with com-
pact nucleus; B, parasite with two nuclei, due to two
parasites adhering together ; €, oval form, with a number
of nuclei arranged on the periphery; D, young parasite
with dispersed nucleus; /X, larger form with dispersed
nucleus (n, nucleus of corpuscle ; p, parasite). (After
Simond.)

Remarks.—According to Simond two forms of the parasite
are met with, viz.,, vermicular and oval. In the young
vermicular form the nucleus is compact or fragmented into
a number of granules arranged in each limb of the parasite.
The parasite is always doubled upon itself, the two limbs being
parallel and sometimes in contact with one another. In the
oval form also the nucleus may be compact or fragmented.
Cells with incompletely developed merozoites were observed in
the lung. These schizonts were spherical, and contained
30 to 40 fusiform merozoites without any residue of segmenta-
tion. If it be confirmed that schizogony takes place in the
lung, the species will have to be transferred to the genus
Hepatozoon.

Habitat.—Blood of Gavialis gangeticus Gmelin : UNITED
Provinces, Jumna River ; Crocodilus porosus Schneider (2) :
InDiA (exact locality not cited); and Crocodilus porosus
Schneider : CryLon, Daduganoya, Veyangoda.

48. Hamogregarina laverani Simond. (Fig. 49.)

THaemogregarina laverant, Simond, 1901 e, pp. 327-31, fig. 2.
Hamogregarina laverani, Castellani & Chalmers, 1919, p. 487;
Wenyon, 1926, p. 1395.
tHemogregarina laverani, de Mello, 1932, pp. 1412-4, pl. i,
figs. S1-S14.

Young stages amceboid, measuring barely 3 in diameter,
provided with a small nucleus and many small cyanophil
granules disposed either in the form of a coil or a horseshoe.
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Frequently the young stages are in the form of a minute
vermicule bent upon itself, the limbs adhering in such a manner
that it is difficult to distinguish this form from the amoeboid.
Full-grown stage large, reniform, containing, besides the
nucleus, two large refringent ovoid granules, and occupying
a considerable extent of the surface of the corpuscle. The
vermicular stage is much smaller than the reniform stage
and doesnot extend beyond half the length of the corpuscle ;
it possesses a bulging end and a short drawn-out tail, bent

round on the swollen portion.
€ ® @
®
© ’
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Fig. 49.—Hamogregarina laverani Simond. A, young amoeboid stage
with a nucleus; B, young stage in which the cyanophil
grains are dispersed in tho form of a coil; C, young stage
in which the cyanophil nuclear substance is in the form of
a horseshoe ; D, young vermicular stago; /X, full-grown
stage folded upon itself and showing two refringent granules.
(From de Mello, after Simond.)

c

Remarks.—The chief characteristic of the species is the
possession in most of the stages of two refringent granules,
which serve to distinguish this species from all others.

Habitat.—Blood of Lissemys punctata granosa (Schoepff) :
UnxITED PROVINCES, Agra.

49. Hemogregarina leschenaultii Robertson. (Fig. 50.)

TH amogregarina leschenaultii, Robertson, 1908, pp. 182, 184, figs. 4-7.
Hamogregarina leschenaultii, Wenyon, 1926, pp. 1388.

Hemogregarine with two free motile forms, only present
in the blood: (1) slender free form with dense nucleus;
no granules in the cytoplasm; rather actively motile :
(2) broad, massive, granular form ; less active, period of move-
ment succeeded by period of rest. Two intra-corpuscular
forms also present: (1) long recurved form corresponding
exactly with the slender free form ; causes hypertrophy of
the corpuscle ; this is always the prevailing type in an in-
fection : (2) broad form with reticulate nucleus, growing
to a somewhat larger size ; never very numerous even in a good
infection.
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Dimensions.—Free motile forms, length 26-28u ; broad,

intra-corpuscular form, 30u. .
Habitz.—Blood of thee lizard, Hemidactylus leschenaulty

Dum. & Bibr. : CevLoN, Trincomalee.

S

/
\\\//
C D
Fig. 50.—Hamogreyaring leschenaultii Robertson. A, broad intra-
corpuscular form ; B, broad free form ; C, slender rocurved
intra-corpuscular form; D, slender free form. (After
Robertson.)

50. Haemogregarina magna (Grassi & Feletti). (Fig. 51.)

Hamogregarina ranarum (part), Kruse, 1890, p. 541; Celli &
Sanfolico, 1891, p. 504, pl. v, figs. 16-18.

Drepanidivm magnum, Grassi & Foletti, 1891, p. 82; 1892, pl. i.
fig. 15.

Drepanidium krusel, Labbé, 1892, p. 617.

Danilewskya kruscr, Labbé, 1894, p. 127.

Hamogregarina mayna, Labbé, 1899, p. 76.

tDanilewskya krusei, Berestneff, 1903, p. 347, pl. viii, figs. 9-13.

Hamogregarina magna, Patton, 1908, p. 319 (?): Wenyon, 1926,
p. 1398,

Adult form oval, very large, may be folded upon itself in

the corpuscle.
Habitat.—Blood of Rana tigrina Daud., R. limmocharis
Wiegmann : Bomsay, Bombay ; R. tigrina Daud. : MADRAS,

Madras.

51. Heemogregarina malabarica de Mello. (Fig. 52.)

YHamogregarina malabarica, de Mello, 1932, pp. 1411-25, pl. ii,
figs. A-D.

Two forms are present : (1) The vermicular form consists
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of a sausage-shaped body with a caudal appendage which is

always applied to the body along its concave border. The
convex border is bounded by a thin band of protoplasm which

. o
C

) D

A B

Fig. 51.—Hamogregarina magna (Grassi & Feletti). A, young intra-
corpuscular form; B, adult oval form; C, adult form folded
upon itself; D, uninfected corpuscle. Uninfected corpuscles
are also shown with 4, B, and C for the sake of comparison.
(Aftor Berestneff.)

Fig. 52.—H@mogregarina malabarica de Mello. A, free vermicular
form; B, intra-corpuscular vermicular form; C, intra-
corpuscular bean-shaped form; D, cyst, containing eight
merozoites ; K, I, larger merozoites found in the liver cell.
A, B, C as seen in the blood ; D, as seen in smears from the
liver; B, F, as seen in sections of the liver. (After de Mello.)

stains a clear blue or sometimes violet with Romanowsky’s
stain, and is thicker at the pole at which the nucleus is situated,
becoming narrower to form the tail ; the tail does not extend
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to the other pole of the body. The nucleus is nearly always
found near the zone of separation of the two parts, and
contains irregularly dispersed chromatin particles. The body
is more or less filled with metachromatic granules. The
parasitized corpuscles become hypertrophied, measuring 20-
25, whereas the normal corpuscles measure 16-18u. (2) The
reniform or bean-shaped forms are found in very much smaller
numbers than the vermicular ones. The nucleus is rounded
and central, but may sometimes be situated close to one of the
poles ; it contains chromatin granules or rods. The cyto-
plasmic constitution is also different from that of the vermicular
form. 1In one of the poles there are two or more vacuoles ;
there may be vacuoles, but fewer, in the other pole also. The
parasitized corpuscle is hypertrophied, but is enlarged in its
width rather than in its Jength, measuring 17-18u by 14-16 .
Schizogony takes place in the liver, and is of two types,
resulting in large and small merozoites. Cysts are found
in the liver of the host; they are rounded, with a thick
membrane, and contain 8 rounded or falciform merozoites.
The free merozoites are generally found in pairs. In sections
of the liver the cysts containing 8 merozoites are not en-
countered, but larger merozoites, 12-16 1 in size, occur singly,
or in groups in 2, 4, 8 or larger numbers.

Dimensions.—Vermicular form 17-22 u, reniform type
8-12p ; cysts, diameter 18-20u ; merozoites 6-8u or 12-16 .

Remarks.—This species is recognizable from H. laveran:
by the young stages not being amccboid and the vacuoles
being inconstant in number and occurring at one or both
poles of the reniform stages ; the vermicular stage also differs
in being larger than the reniform stages, in occupying nearly
the whole of the corpuscle, and in having a tail nearly as long
as the body of the parasite. The specics resembles H. vittatz
in possessing cysts with 8 merozoites, but in H. malabarica
the cysts are regularly spherical, whereas in H. vittatee they
are navicular and the reniform stages of that species contain
so-called plastids. Schizogony in the lungs or in the blood
does not occur in this species, though it is known to take place
in others.

The species also somewhat resembles H. nicoriaz, but is
clearly marked off from it by the non-existence of a clear pole,
the chromatic granules filling completcly the opposite pole,
the tail being closely applied to the body, the vermicular
forms being larger and more abundant than the bean-shaped
forms, and by the chromatoid granules filling up the cyto-

lasm.

P Habitat.—Blood, liver, bone-marrow and other viscera of
the Indian tortoise, Lissemys punctata granosa (Schoepff):
PorTUGUESE INDIA, Nova Goa.
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52. Heemogregarina mesnili Simond. (Fig. 53.)
tHamogregarina mesnili, Simond, 1901 a, pp. 150-2; 190le,
pp. 322-7, fig. 1.
gregaring mesnili, Castellani & Chalmers, 1919, p. 487;
Wenyon, 1926, p. 1395.

The young stages are amceboid. The older stages may be
either vermicular with a distinct horn-like prolongation bent
upon the main body, oval or reniform, slender and doubled,
or folded into three parts. The nucleus may be fragmented
or compact.

Dimensions.—In the folded forms the total length of the

parasite may exceed 30 u.
B Yo
0
A B C D E F

Fig. 53.—Hamogregaring mesnili Simond. 4, young amoeboid stage :
B, horned vermicular stage, showing two nuclei ; C, adult
reniform stage with colourless granules; D, vermicular
stage, with two equal limbs; E, very long vermicular stage,
folded twico over, with three limbs interlacing together ;
F, fragmentation of & schizont, with froe merozoites. (After
Simond.)

Remarks.—The young amoeboid forms measure 3-6u in
length and contain a fragmented nucleus. The horned vermi-
cule stage recalls the appearance of Hamoproteus metchnikows,
described by the same author from Chitra indica. The reni-
form individuals are often seen to be filled with refringent
colourless granules. The elongate vermicular forms are
uniform in diameter throughout the greater part of their length,
and are folded into two equal limbs, or in the largest individuals
folded twice over, the three limbs interlacing like a figure of 8,
a characteristic not met with in other species.

Habitat.—Blood of Kachuga tectum (Gray): TUNITED
ProvinNces, Jumna River.

53. Heemogregarina mirabilis Castellani & Willey. (Fig. 54.)

tHemogregarina mirabilis, Castellani & Willey, 1904, pp. 86-90,
figs. 28-38 ; Patton, 1908, p. 318.
Hamogregarina mirabilis, Dobell, 1908, p. 294,
1Hemogregarina mirabilis, Plimmer, 1913, p. 149.
Hazmogregarina mirabilis, Castellani & Chalmers, 1919, p. 487,
fig. 163 ; Wenyon, 1926, p. 1394.
tH aemogregarina mirabilis, Scott, 1926, p. 236.

Form elongate, thick, Gregarine-like and bent; cytoplasm

‘.
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(with Romanowsky’s stain) stains uniform blue, leaving no
clear pole; the nucleus is stained reddish-blue and is near
the anterior pole.

A B Cc D E F

Fig. 64.—Hewmnoyregarina mirabilis Cast. & Will. A, intra-corpuscular
form bent double; B, parasito within tho capsule insido
a corpusclo ; C, D, parasite emerging from the cyst and the
corpuscle ; X, I, free forms. (Aftor Castellani & Willey.)

Dimensions—Length about 12pu.

Remarks.—Castellani and Willey (1904) described the
occurrence within the corpuscles of parasites of relatively
large size and slightly crescentic or reniform shape, and con-
sisting of a membrane (cytocyst) inside which developed an
clongate body (monozoite) with a well-defined nucleus.
This organism escaped from the cytocyst and the corpuscle
and became a freely motile organism in the blood. The
exact stages cannot be determined from their description,
but probably they were dealing with the development of the
gametes from the gametoeytes.

Habitat—Blood of  T'ropidonotus  asperrimus Bouleng.:
CeyrLonN; and Tropidonotus piscator Schneider : Ceyron (also
in specimens from Ceylon in the Zoological Gardens, London) :
Mabras, Madras.

54. Heemogregarina naj® Laveran. (Fig. 55.)
Haximogregarina nuj, Laveran, 1902, p. 1037, figs. 1-3.
THamogregarina najx, Patton, 1908, p. 318.
Hamogregarina najx, Dobell, 1908, p. 293.
tHamogregaring naja, Plimmer, 1912, p. 413; 1913, p. 149; 1914,
p- 188 ; 1916, p. 85.
Hamogreyarina najz, Castellani & Chalmers, 1919, p. 487 ; Wenyon,
1926, p. 1110, pl. xix, figs. 8~10; p. 1393.
tHeamogregarina najz, Scott, 1926, p. 236 ; 1927, p. 189.

Intra-corpuscular form elongate, vermicular, rounded at
one end and drawn out at the other. When fully developed,
bent upon itself. Nucleus oval, more or less elongate,
situated about the middle.

Dimensions.—Vermicular form 14u in length; fully
developed form 21-22u by 3 at the rounded end.
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Remarks.—Schizonts of this species were discovered by
Wenyon (1909) in the lungs of Naja haje in the Sudan.

Fig. 55.—Hainogregarina naje Laveran. A, elongated form; B, re-
curved form ; C, form liberated from the corpuscle. (After
Laveran.)

Habitat.—Blood of Naja maje (Linn.) : Mabras, Madras
(also in specimens from India in the Zoological Gardens,
London).

55. Heemogregarina nicoriee Castellani & Willey. (Fig. 56.)

tHamogregarina nicorize, Castellani & Willey, 1904, pp. 85-6, figs. 17—
27; Patton, 1908, p. 319; Robertson, 1908, p. 178; 1910,
pp. 741-62, pls. xxxii-xli; Dobell, 1910, p. 68; Alexeieft,
1912, p. 97.

Hamogregarina nicoriw, Castollani & Chalmers, 1919, p. 486 ;
Wenyon, 1926, pp. 1084, 1105, 1395 ; Reichenow, 1929, p. 927,

Form clongate, Gregarine-like, with one end granular and
the other end clear, the central nucleus being a more or less
diffuse aggregation of chromatin granules. Sometimes the
organism is bent round upon itself. Schizogony takes place
in the blood-vessels of the lung and produces nearly 70 mero-
zoites, or in the circulating red blood-corpuscles producing six
to eight smaller merozoites which grow into gametocytes.

When the Heamogregarines are taken together with the
blood of the tortoise into the crop of the leech, some of them
pass into the intestine and are there found as motile vermicules.
They penetrate into the intestinal wall, where the differentia-
tion of the hitherto indistinguishable gametes takes place,
culminating in a process suggesting anisogamous conjugation.
The zygote breaks up to form eight sporozoites, which pass
through the intestinal wall into the blood-spaces. The
Hzemogregarine is probably passed into the blood of the tortoise
through contamination of the wound by the leech while
feeding.

Dimensions.—Length 12u.

Remarks.—The life-history, of the organism, as worked out
by Robertson, confirms in all essential respects that described
by Reichenow (1910) for H. stepanows. In H. nicorize

SPOR. K
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schizogony, producing the large merozoites, ocours free in the
blood-vessels of the lung, and that producing the smaller
gametocytes in the circulating red blood-corpuscles. In
H. stepanowi, on the other hand, schizogony always takes
place in the bone-marrow, always inside the blood-corpuscles,
and the number of merozoites does not exceed twenty-four.

Christophers once showed Patton some bodies from a leech
off Lissemys punctata granosa which suggested developmental
forms of the Haemogregarine of the tortoise, but Patton came
to the conclusion that they probably represented some stage
in the life-cycle of a Coccidium parasitic in the leech.
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Fig. 56.—Hzmogregarina nicoriz Castellani & Willey. A, bean-shaped
Hmxmogregarino, with circular type of nucleus; B, early
stage of schizogony in the blood-stream ; C, late stage of
schizogony in the lung; D, fully-formed merozoites, only
a very fow of the total number formed shown in the section ;
K, free motile stago in the lumen of the intestine of the leech ;
F, miciogametocyte lying closely applied to macrogameto-
cyte; @, tho microgametocyte giving rise to the micro-
gamete nuclei, one of which fuses with the nucleus of the
macrogamote ; H, sporocyst with eight nuclei; I, sporocyst
showing sporozoites. (After Robertson.)

Habitat.—Blood of the tortoise Geoemyda trijuga (Schweiger)
and in the leech Ozobranchus shipleys Harding : CEYLON,
Colombo ; blood of the tortoise Lissemys punctata granoss
(Schoepff) and in the transmitting leech : MaDpRAS, Madras.
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56. Heemogregarina nucleobisecans Shortt. (Fig. 57.)
tHanogregarina nucleobisecans, Shortt, 1917, pp. 408-12, pl. xxxi,
figs. 1-17.
Haemogregarina bisecans, Wonyon, 1926, p. 1397.
+H@mogregaring sp., Donovan (first recorded in Wenyon, 1926, p.1397).
+tHaemogregaring sp., Wenyon, 1926, p. 1397 ; Scott, 1926, p. 236.

Fig. 57.—Hamogregarina nucleobisecans Shortt. A, mature undivided
schizont; B, division of schizont; C, cyst, containing
merozoites ; D, FH, single infection of an erythrocyte ;
F, double infection of an erythrocyte ; @, treble infection of
an erythrocyte; H, parasite passing out of ruptured
erythrocyte ; I, parasite free in plasma. (After Shortt.)

K2
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Schizogony only in the liver. The mature schizont broadly
oval and lying in a thin-walled cyst closely surrounded by
hepatic cells. The cyst grows larger, large number of nuclei
are produced, and a correspondingly large number (some-
times as many as 115) of very small merozoites are produced.
Each merozoite has a pink-staining, hyaline protoplasm
and a well-marked nucleus. Gametocytes intra-corpuscular,
sausage-shaped, slightly curved, and lying with concave
border applied to the nucleus of the host-cell. Sometimes
a gametocyte may lie with its convex border towards the
nucleus, or may occupy one end of the corpuscle. Sometimes
one or both extremities are effilated and slightly recurved.
The gametocytes may vary considerably in size : each is
enclosed in a thick capsule: the cytoplasm stains (with
Leishman’s stain) an azure-blue or faint pink colour, and
contains a large ovoid nucleus, staining a dull erimson. Two
or three gametocytes may be found in the same corpuscle.
Free forms are found in the plasma, having escaped by
rupture of the corpuscle, leaving the empty capsule behind.
Sporogony not known. The secondary host may perhaps
be a blood-sucking worm, .4ngiostoma sp., found in the lung
of the toad, or a sand-fly.

Dimensions.—Mature schiznot 16u by 7u; fully developed
cyst 28-30p by 24-5-26 1 ; merozoite 3u by 1-3p; gameto-
cytes from 9-5u by 4p to 21-8 u by 4-8 pu.

Hapbitat.—Blood of Bufo melanosticus Schneider : Punsas,
Ambala : Delhi; Unitep Provinces, Cawnpore ; also from
the same host from India in the Zoological Gardens, London.

57. Hemogregarina pythonis (Billet).

Danilewskya pythonis, Billet, 1895, p. 30, figs. 1-3.

Hwmogregarina pythonls, Labbé, 1899, p. 76.
tHamogregarina pococki, Sambon, 1907, p. 283.
tHamogregarina sp., Patton, 1908, p. 318.

Hamogregarina pococki, Dobell, 1908, p. 293.

Hamogregarina pythonis, Johnstone, 1912, p. 235.
THamogregarina pococks, Plimmor, 1912, p. 412; 1913, p. 148;

1914, p. 189; 1916, p. 85; 1917, p. 32.

tHamogregarina sp.. Phisalix. 1913, pp. 1052-4.

Hamogregaring pythonis, Castellani & Chalhmers, 1919, p. 487.
Hzaemogregarina sp., Wenyon, 1926, p. 1393.

tHamogreyarina pococki, Wenyon, 1926, p. 1393 ; Scott, 1926, p. 236.

Intra-corpuscular. Body club-shaped, often folded in the red
blood-corpuscle. Anterior extremity broader and rounded.
Posterior extrenmity attenuated and recurved. Cytoplasm
more or less granular. Nucleus median or nearer posterior
extremity, large. oval, and with coarse, deeply staining
chromatin granules. Parasite lies parallel or obliquely to
long axis of host-cell, of which it occupies about two-thirds.
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without causing much alteration beyond displacement of
nucleus.

Dimensions.—14-16 u in length.

Remarks.—Plimmer found the host-cells often deformed and
generally diminished in size. Johnstone (1912) regards
H. pococki Sambon as identical and synonymous with
H. pythonis (Billet).

Habitat.—Blood of Python molurus (Linn.): MADRAS,
Madras ; also in specimens from India in the Zoological
(ardens, London.

58. Haemogregarina rara Laveran & Mesnil. (Fig. 58.)

tHamogregarina rara, Laveran & Mosnil, 1902, p. 611.
Hzemogregarina rara, Castellani & Chalmors, 1919, p. 487 : Wenyon,
1926, p. 1395.

Intra-corpuscular or free. The intra-corpuscular form is
elongate or curved into the shape of an arc, with one of the
extremities rounded and the other more or less attenuate.
Sometimes the parasite lies in one part of the corpuscle without
displacing its nucleus, at other times it is strongly recurved,
and the nucleus of the corpuscle is pushed to one end. When
the organism is liberated from the corpuscle it is fusiform,

A B C D E

Fig. 38 Hamogregarana rare Laveran & Mesnil. A, clongated ;
B, curved form; C, form leaving the corpusclo: 1, K, free
in tho plasmu. (After Laveran and Mosnil.)

transparent, and motile, and possesses a very elongate and
clear nucleus. In the stained preparation (with Leishman’s
stain) the cytoplasm is of a light blue colour and is finely
granular, with large chromatoid bodies. The nucleus is
elongate, cylindrical, nearly always swollen at the ends,
and is stained deep violet. It occupies about two-thirds of
the length of the body. Multiplication appears to be by binary
fission. Other stages of development have not as yet been
discovered.

Dimensions.—Average length 15 by 2-3 p in width.

Habitat.—Blood of the tortoise, Chinemys reevesii (Gray) :
CEYLON.
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59. Haemogregarina rodriguesi de Mello, de Si, de Sousa,
Dias, & Noronha. (Fig. 59.)
THemogregaring rodriguesi, do Mello, de Si, de Sousa, Dia‘aa, &
Noronha, 1917, pp. 13, 14, pl. i, figs. 8-14; de Mello, 1934 a.
p. 1786. .
+Hwmogregarina proencar, de Mello, de 84, de Sousa, Dias, & Noronha,
1917, pp. 14, 15, pl. i, figs. 15-17; do Mello, 1934 a, p. 1786.

The parasite occurs in two forms, elongate or shorter and
stumpy. In the extra-corpuscular form it is gregariniform
and without a capsule. Cytostome stains blue with Leishman’s
stain, and the nucleus is elongate, rectangular, generally
compact, rarely vesicular, occupying a large part of the
parasite and situated near one or other extremity. The
intra-corpuscular stage has the same appearance, but possesses
a large clear capsule containing sometimes one or two vacuoles
in the centre. The short and stumpy form is equally broad
at both poles, and has a less extensive capsule.

A c D E

Fig. i0.~-Hamogregaring rodriguesi de Mello, do S4, de Sousa, Dias,
& Noronha. A--D, intra-corpuscular forms; E, free form.
(After de Mello and others.)

Remarks—The parasite is very common, 50 per cent. of
the lizards examined being infected. [t could not be deter-
mined whether schizogony takes place in the blood or in the
internal organs. The short stumpy form was originally
described as a separate species under the name of H. proenc,
but de Mello (1934 @) has amalgamated the two.

Habitat.—Blood of Hemidactylus brooki Gray : PORTUGUESE
Inpr1a, Nova Coa.

60. Haemogregarina stepanowiana Laveran & Mesnil. (Fig. 60.)
YHzmogregarina stepanowiana, Laveran & Mesnil, 1902, pp. 609-10,
figs. 1- 5.
Hamogreqarina stepanowiana, (astellani & Chalmers, 1919, p. 487;
Wenyon. 1926, p. 1395.

Intra-corpuscular form oval or reniform, displacing the
nucleus when fully developed ; cytoplasm finely granular and
containing numerous chromatoid particles ; nucleus central
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rounded or oval, placed at right angles to the long axis of the
organism, and containing chromatin granules of various
sizes. When the parasite doubles upon itself the two portions
are not equal, and the nucleus is always situated in the longer
part near the level of the bend. KExtra-corpuscular form like
a vermicule, with one extremity much wider than the other.
The intra-corpuscular form, when about to multiply, assumes
an oval form, and its nucleus divides repeatedly into eight
nuclei ; the protoplasm then divides into as many parts,

D

Kig. 60.—Haemogregarina stepanowiana Laveran & Mesnil. A4, B,
elongated corpuscular forms : C, full-grown parasito doubled
upon itself ; D, free vermicule-like form ; K, form showing
nuclear multiplication. (Aftor Laveran and Mesnil.)

the corpuscle breaking up at the same time. Multiplication
forms were not found in the blood, but were numerous in
smears from the liver.

Dimensions.—Extra-corpuscular form 18-20u by 5 pu.

Remarks.—According to the authors of the species the young
form shows greatest resemblance to the young form of
H. stepanowi Danilewsky ; but the mature form differs markedly
from that species. In H. stepanowi the parasite becomes
doubled exactly about its middle, its nucleus is very elongate,
and the nucleus of the corpuscle is displaced, but not hyper-
trophied. The liberated Haemogregarine is a vermicule,
measuring 3040 by 3—4 . In H. stepanowiana the doubling
of the intra-corpuscular parasite is not exact, and the extra-
corpuscular vermicule is much shorter and wider than in
H. stepanows.

_Habitat.—Blood of the tortoise, Chinemys reevesii (Gray)
CEYLON.

61. Hemogregarina testudinis Laveran & Nattan-Larrier.

tHaemogregarina lestudinis, Laveran & Nattan;Larrier, 1912,
pp. 134-6, 10 figs. (Abstract in Wiegmann’s Archiv, 1913, p. 411).
Hamocystidium testudinis, Castellani & Chalmers, 1919, p. 516.
Hamogregarina testudinis, Wenyon, 1926, p. 1396.

Small, medium, and large intra-corpuscular forms. Free
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and multiplication forms also present. Cysts 12-15 . in length
and 12-144 in width. Number of merozoites in each cyst
4 to 8 macro- or 12 to 24 microgametes.

Habitat.—Blood of the tortoise, Testudo emys Schleg. & Mill. :
InpIA (exact locality not cited).

62. Heemogregarina thomsoni Minchin. (Fig. 61.)

tHwemogregarina thomsoni, Minchin, 1907, pp. 1098-1104, pls. Iv—lvi,

tigs. 1-23.
H:egmgrcgarim sp., Shortt, 1917, pp. 402-8, pl. xxx, figs. 1-21.
Hiwmogregarina thomsoni, Castellani & Chalmers, 1919, p. 487;
Wenyon, 1926, p. 1388.

Both intra-corpuscular and free forms (so-called vermicules)
are met with. Intra-corpuscular parasite always distinctly
sausage-shaped, and slightly bowed in the plane of the corpuscle,
this normal curvature being due to the parasite being situated to
the side of the corpuscular nucleus. In a few cases the curve
of the parasite is reversed, its convexity being towards the
corpuscular nucleus, which is then much more displaced, and
the parasite resembles its free form very closely.

Young intra-corpuscular forms vary in length from about
a half to two-thirds of the blood-corpuscle; cytoplasm
very clear, and » delicate nucleus, consisting of faintly
staining granules and strands of chromatin, forms a band
round the waist of the parasite. Full-grown intra-cor-
puscular parasites are at least three-fourths the length
of the blood-corpuscle ; cytoplasm finely granular, nucleus
exceedingly rich in chromatin, forming a deeply staining mass
of irregularly spongy texture, occupying the middle region of
the body for its whole width and nearly one-third of its length.
The free vermicules closely resemble the full-grown intra-
corpuscular forms, long, medium. and stumpy forms being
distinguishable.

Sometimes most of the intra-corpuscular parasites have the
form of an elongated sausage, slender and drawn out : cyto-
plasm clear and free from coarse granulations ; nucleus forming
a band or zone at the middle of the body, equal in width to
nearly half the length of the body. and with chromatin arranged
in the form of transverse strands,

Small forms are gencrally situated at one end of the erythro-
cyte; larger forms lie in the long axis of the host-cell, and displace
the nucleus laterally. The parasite is usually situated with its
concave border ecmbracing the convexity of the erythrocyte
nucleus, but its position may be reversed. Invasion by two
or more forms is not uncommon, the parasites lying parallel
to one another and both on the same side, or the two embracing
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the nucleus between them. Infected cells, especially those
with two parasites, are increased in size.

Schizogony takes place in the endothelial cells of the
capillaries of the lung, and is of two forms. One form of
schizont produces a smaller cyst, with larger and less numerous
merozoites, and the other form produces a larger cyst, with
smaller and more numerous merozoites. In the former case
the schizont in the endothelial cell is broadly oval, and usually
forms a smaller cyst giving rise to 16 merozoites. The larger
cysts are more rare, and may contain as many as 40 merozoites.
What the two kinds of merozoites develop into has not been
determined. The process probably differs from that described

F

Fig. 61.—Hamogregarina thomsoni Minchin. A, small intra-corpuscular
form ; B, large intra-corpuscular form showing the so-callod
“eapsule” ; (), a large and an intermediate-sized form in the
same corpusclo ; D, two largoe individuals lying side by side,
both on one side of the nucleus; £, two large individuals
embracing the nucleus between them; /. the freo form.
(After Minchin,)

by Reichenow and Robertson for the Haemogregarines of
cold-blooded Vertebrates.

Dimensions.—Intra-corpuscular forms, young 9-11 x in
length, full-grown 15-17 u by 5 p; schizonts 15 u by 6 u;
cysts, small 21-5u by 14-5 u, large 25 w by 15 .

Habitat.—Blood of the lizard, Agama taberculata Gray :
Punsas, Kasauli.
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63. Heemogregarina thyrsoidez de Mello & Vales. (Fig. 62.)

tHaemogregarina thyrsoide, de Mello & Vales, 1936, pp. 403-4,
pl. xxxv.

Youngest form ovoid, with conspicuous nucleus and cyto-
plasm stained light blue with Romanowsky’s stain. The full-
grown parasite shows irregular vacuolization of the cytoplasm.
The nucleus is generally central, often divided into two more
or less irregular masses, with indistinct nuclear membrane,

A B C D

Fig. 62.—-Hamogreyarine thyrsoides do Mello & Valos, A, young form ;
B, normal full-grown form; ¢, form with central nuclous,
containing two chromatin granules; 0, form with one
nuclear mass at each pole.  (After de Mello and Vales.)

and minute volutin granules. Somectimes the chromatin
is reduced to two very minute centrally situated granules ;
or the nucleus is situated at one of the poles and composed
of two masses, or the two nuclear masses are situated one at
each pole.

Habitai.—Blood of the freshwater eel, Thyrsoidea macrurus
(Bleeker) : PorTugUESE INDIA. Nova Goa.

64. Heemogregarina triedri Robertson.  (Fig. 63.)

tHamogregarina triedri, Robertson, 1908, pp. 181, 184, figs. 10, 11.
Heamogregurina tiedri, Wenyon, 1926, p. 1388.

A

Fig. 63.—Hamogregarina triedri Robortson. A, broader bean-shaped
form: B, long form. (After Robertson.)
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Haemogregarine with double capsule, a delicate inner capsule
and a loose outer one, with tendency to stain very deeply with
Giemsa’s stain. The inner capsule has an opercular lid at
one end. Two forms present : (1) broad, rather bean-shaped
form; (2) long, slightly recurved specimens, with elongate
nuclei. Both forms frequently show at one end an
irregularly shaped body which stains a bright red with
Giemsa’s stain. The young forms have no capsule.
Transmitting host not known.

Dimensions.—13-15u in length.

Habitat.—Blood of the lizard, Hemidactylus triedrus
(Daudin) : CeyLoN, Trincomalec.

65. Hemogregarina vittate Robertson. (Fig. 64.)

tHamogregaring vittatze, Robertson, 1908, pp. 179, 180, 183, figs. 2-3.
Hamogregarina vittatze, Castellani & Chalmers, 1919, p. 487, figs. 149,
157, 158.
tHamogregaring wvittatz, Donovan (first recorded in Wenyon,
1926, p. 1395).
tHaemogregarina vittata, do Mello, 1932, pp. 1417-18, pl. i, figs. R1,
R2.

Hseemogregarine infection associated almost invariably with
Trypanosoma vittate. Two forms present : (1) broad massive
form ; (2) recurved form with pale cytoplasm, the two limbs

Fig. 64.—Hamogregarine vittatx Robertson. A4, olongate, recurved
form ; B, broad massive form. (After de Mello.)

being equally long ; nucleus dense. Broad form shows reticu
late dense cytoplasm and rather delicate loose nucleus ; the
larger forms have two red-staining plastid (?)-like bodies at
one end. Schizogony occurs in the spleen and liver ; eight
merozoites are formed ; these are enclosed in pairs in a
delicate boat-shaped capsule. Transmitting host probably
Glossiphonia.

Dimensions.—Recurved form 22-26 u in total length.
. Habitat.—Blood of the tortoise, Lissemys punctata granosa
(Schoepff.) : CeYLON ; PoRTUGUESE INDIA, Nova Goa.
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66. Heemogregarina xavieri de Mello. (Fig. 65.)
tHamogregarina xavieri, de Mello, 1932, pp. 1426-27, pls. iii & iv.

Two forms present : (1) Broadly oval or sometimes reniform,
occupying, according to the state of its development, a greater
or less extent of the corpuscle. Cytoplasm alveolar, containing
generally two, sometimes more, rounded vacuoles, usually
confined to the polar regions. Nucleus central, containing
granules or rods of chromatin in compact masses or variously
dispersed. The parasitized corpuscles are generally not
altered, sometimes reduced or enlarged in size, and the nucleus
of the corpuscle is displaced to one side. (2) Elongate or
vermicular forms, sometimes enclosed in a fine, membranous
capsule or entirely without a capsule, provided with a tail
which stands out from the body, and does not exceed one-
quarter or onec-third of its length. These tailed forms are
much less numerous than the oval forms.  One pole sometimes
presents one or two vacuoles, but generally the cytoplasm
alveolar, and the vacuoles not clearly indicated. Nucleus
central, and the chromatin showing the same disposition as in
the oval forms. The metachromatic granules generally
abundantly distributed in the tail, and rarely in the anterior
pole as well.  Forms intermediate between the oval and the
vermicular are also met with, and sometimes two individuals
are seen in the same corpuscle.

Schizogony takes place in the lungs, spleen, liver, etc.
Cysts found in smears from the lungs are oval, and contain
2 or 3 schizonts ; those found in smears from the spleen are
rounded or oval, and contain 6 or 7 schizonts ; while those
in smears from the liver are circular or more or less oval,
and contain 2 or 3 schizonts. In sections of parasitized organs
oval eysts are found to contain 6 or 7 schizonts (merozoites)
similar to those met with in the smears.  Fusiform merozoites
are seen in the blood-stream and in the intercellular spaces.

Dimensions.—Oval form 7-5-13-5x in length by 2:5-6-2p
in width ; vermicular form 9-10y in length by 4 x in width ;
cysts from lungs 8-10u by 4-5u, from liver, spherical, 15w in
diamcter, or oval, 8:-5u by 5p or 10u by 7-5 .

Remarks —The species is morphologically distinct from
H. laverani Simond, described from the same host at Agra.
Both II. malabarica and H. xavieri do not show any amaboid
young stages. nor do they show the two refringent granules
so characteristic of H. laverani. H. xavieri differs from
H. malabarica in the tail being considerably shorter, and not
being closely applied to the body, the nucleus being central in
the elongate forms, and in the dimensions being considerably
smaller in both elongate and oval forms than in the other
species.



Fig. 656.—Haxmogregarine xavieri de Mello. A, In blood. 4, B, oval
forms; C, kidney-shaped form; D, elongato form with
a short tail ; E, elongate form within a capusle.
B. A4, cyst containing few schizonts; B, cyst containing
six schizonts ; C, eyst containing six schizonts (merozoites) ;
D, E, fusiform merozoites in the blood ; 4, B, C, in smears
from lungs, spleen, and liver rospectively ; D, ¥, in section
of a blood-vessel. (After de Mello.)
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Habitat.—Blood, lungs, spleen, and liver of the tortoise,
Lissemys punctata granosa (Schoepff) : PORTUGUESE INDIA,
Nova Goa.

In addition to the species that are recorded above, a number
of Hemogregarines have been observed in a variety of hosts;
but, unfortunately, the published descriptions are so meagre
that it is impossible to refer the forms to any known species.
For the sake of completeness I have given these records below.

67. Heemogregarina sp.
+H wmoyregarina sp., Plimroer, 1914, p. 189.
Hamogregarina sp., Wenyon, 1926, p. 1403.
Habitat.—Blood of the fish, T'richogaster fasciatus Schneider :
from INbIA, in the Zoological Gardens, London.

68. Haemogregarina sp.

tHamogregarina sp., Simond, 1901 ¢, p. 320; Plimmer, 1912, p.412;
1914, p. 189.
Hamogregarina sp., Wenyon, 1926, p. 1390.

Large; of ordinary type. Nucleus of parasitized cell divided
by the parasite into two parts with a connecting thread.
Schizogony in Iungs.

Remarks.—This form may be the same as H. varani Laveran,
1905, described from Varanus niloticus.

Habitat.—Blood of the lizard, Varanus monitor (Linn.):
Inpia ; also from INDIA, in the Zoological Gardens, London.

69. Hemogregarina sp.

Hwmogregarina sp., Dobell, 1908, p. 292.
THamogregaring sp., Patton, 1908, p. 318 ; Plimmer, 1913, p. 149.
H:wmogregarina sp., Wenyon, 1926, p. 1391.

Both short and long forms present.

Habitat.—Blood of Bungarus ceeruleus (Schneid.) (=Bungarus
candidus) : MADRAS, Madras; also from INDIA, in the Zoo-
Jogical Gardens, London.

70. Heemogregarina sp.
tHamogregarina sp., Robortson, 1908, p. 182, fig. 12.
Hamogregarina sp., Dobell, 1908, p. 294.
tHremogregarinag sp., Patton, 1909, pp. 149, 152 ; Dobell, 1910, p, 70 ;
Plimmer, 1912, p. 413; 1913, p. 149; 1914, p. 188.
Hamogregarina sp., Wonyon, 1926, pp. 1391, 1394.

Young intra-corpuscular form withouta capsule. Full-grown
form, with a very marked capsule thickened at both ends, and
showing a deep red staining area at either end and a delicate
nucleus. Free motile form also without a capsule.
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Remarks.—Five species are known from various species
of Zamenis from other parts of the world, and the forms
described by Robertson and Dobell and noted by Patton and
Plimmer may belong to one of them.

Habitat.—Blood of the snakes, Chrysopelea ornata (Shaw) :
CeyLoN ; and Zaocys mucosus (Linn.): Ceyron, Colombo,
Paradeniya ; MaDRAs, Madras ; also in same host from INDIA,
in the Zoological Gardens, London ; in the linguatilid, Poro-
cephalus pattoni Stephens, from the lung of Zaocys mucosus
(Linn.) : MADRrAs, Madras.

71. Hemogregarina sp.

THamogregaring sp., Plimmer, 1914, p. 189.
Hzamogregarina sp., Wenyon, 1926, p. 1391.

Habitat.—Blood of the snake, Coluber helena Daud., from
CEYLON, in the Zoological Gardens, London.

72. Hemogregarina sp.

tHemogregarine, Simond, 1901 e, p. 320.
Hemogregarina sp., Dobell, 1908, p. 293 ; Wonyon, 1926, p. 1391.

Habitat.—Blood of a snake, Coluber sp. : INDIA.

73. Hemogregarina sp.
tHxmogregarina sp., Dobell, 1910, p. 70.

Habitat.—Blood of the snake, Dipsadomorphus forstenti
(Duméril & Bibron) : CryrLow, Colombo.

74. Hemogregarina sp.
tHamogregaring sp., Dobell, 1910, p. 70.

Habitat.—Blood of the snake, Dipsadomorphus ceylonensis
Gunther : CEYLON, Paradeniya.

75. Haemogregarina sp.
tHamogregarina sp., Patton, 1908, p. 318.
Hazmogregarina sp., Dobell, 1908, p. 293 ; Wenyon, 1926, p. 1391.
Habitat.—Blood of the snake, Dendrophis pictus Gmelin :
Mabpras, Madras.

76. Haemogregarina sp.
‘+Hamogregarina sp., Patton, 1908, p. 318.
Haemogregarina sp., Dobell, 1908, p. 293.
+Hamogregarina sp., Dobell, 1910, p. 70. .
Hamogregarina sp., Wenyon, 1926, p. 1392.
Habitat.—Blood of the snake, Dryophis mycterizans (Daud.) :
MAapRraS, Madras ; CEYLON, Colombo, Paradeniya.
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77. Heemogregarina sp.

tHamogregarina sp., Patton, 1908, p. 318.
Hmogregarina sp., Dobell, 1908, p. 293.
tHzemogregarina sp., Plimmer, 1912, p. 414 1913, p. 149; Scott.
1926, p. 236.
Hwmogregarina sp., Wenyon, 1926, p. 1392.

Habitat.—Blood of the snake, Eryr johnii (Russ.) : MADRAS,
Madras ; also from IND14, in the Zoological Gardens, London.

78. Haemogregarina sp.

tHamogregarina sp., Plimmor, 1913, p. 149 ; Scott, 1926, p. 236.
Hwxmogregarina sp., Wenyon, 1926, p. 1393.

Habitat.—Blood of the snake, Naja bungarus Schleg., from
INDIA, in the Zoological Gardens, London.

79. Heemogregarina sp.
tHxmogregaring sp., Simond, 1901 ¢, p. 320 Robortson, 1905,
p. 182,
H:emogregarina sp., Dobell, 1908, p. 293.
tHamogregarina sp., Dobell, 1910, p. 70.
Himogregaring sp., Wenyon, 1926, p. 1393.
Remarks.—The form probably belongs to H. naja Laveran,
described from the same host.
Habitat.—Blood of the snake, Naja naja var. atra (Cantor) :
Inpia ; blood of Naje naje (Linn.) : CeyLon, Paradeniya.

80. Hemogregarina sp.

tHamoyreyaring sp., Simond, 1901 e, . 320.
Hamoyregarina sp., Wenyon, 1926, p. 1393.

Habitat.—Blood of a snake, Naja sp. : INpIA.

81. Hemogregarina sp.

tHamoyregurina sp., Robertson, 1908, pp. 182, 183.
Hamogregarine sp., Wenyon, 1926, p. 1393.

Heaemogregarine showed extraordinary activity. The free
form moved with a rapid swimming motion, and entered
a blood-corpuscle by simply picreing it, swimming round
between the nucleus and the corpuscle wall, and bursting the
corpuscle by curling and then suddenly straightening itself.
The process takes a few seconds. It also injures the corpuscles,
which it touches in passing, the corpuscle losing all its heemo-
globin immediately. The intra-corpuscular stage very closely
resembles the free form.

Remarks.—Possibly the form examined by Robertson may
have been the same as H. pythonis (Billet).

Habitat.—Blood of a snake, Python sp.: CEYLON.
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82. Hemogregarina sp.

Laverania sp., Billet, 18935, p. 31.

Hamogregarina sp., Labbé, 1899, p. 77.
tH amogregaring sp., Patton, 1908, p. 318.

¢ Danilewskya = Hamogregarina sp., Dobell, 1908, p. 294.
tHamogregarina sp., Dobell, 1910, p. 70.

Hamogregarina sp., Wenyon, 1926, p. 1394.

Remarks.—Dobell (1910) thinks that it is probably the same
as ‘“ Danilewskya ” described in this host from Tong-king by
Billet (1895) (=Hamogregarina sp., Labbé).

Habitat.—Blood. of Tropidonotus stolatus (Linn.) : MADRAS,
Madras ; CEYLON, Paradeniya.

83. Hamogregarina sp.

tHamogregarina sp., Patton, 1908, p. 318.
Hamagregarina sp., Dobell, 1908, p. 294.
tHamogregarina sp., Plimmer, 1912, p. 414; 1913, p. 149; 1915,
p. 130.
Hamogregarine sp., Wenyon, 1926, p. 1394.

Habitat.—Blood of Russell’s Viper, Vipera russellit (Shaw) :
Mapras, Madras ; also from India in the Zoological Gardens,
London.

Genus HEPATOZOON Miller, 1908.

Leucocytozoon, James, 1905 a, pp. 1-12; 1905 b, p. 1361 ; Bentley,
1905, p. 988.

Haxmogregaring, Balfour, 1905 a, p. 240 ; 1905 b, p. 1330.

Hw»omogregarine, Laveran, 1905, p. 295.

Leucocytozoa, Patton, 1906, pp. 1-13; 1908, p. 319.

Leucocytozoon, 4. R. Adie, 1906, p. 325; Christophers, 1906,
pp. 1-16; 1907, pp. 1--12.

Hepatozoon, Miller, 1908, pp. 1-48,

Leucocytozoon, Porter, 1908, pp. 703-16.

Leucocytogregarina, Porter, 1909, p. 264

Haemogregarina, Wenyon, 1910, pp. 70-1 ; 1911, pp. 324-32.

Leucocytozoon, Christophers, 1912, pp. 37-44.

Hepatozoon, Minchin, 1912, pp. 372, 376.

Leucocytogregarina, Sangiorgi, 1912, pp. 287-93 ; do Mello, de S4,
do Sousa, Dias, & Noronha, 1917, p. 13.

Hepatozoon, Wenyon, 1926, pp. 1085-6 ; Reichenow, 1929, pp. 920-3;
Kudo, 1931, p. 281 ; Calkins, 1933, pp. 361, 527.

Schizogony takes place in cells of the internal organs (bone-
marrow, liver, spleen, kidney) of Vertebrates. After several
generations of merozoites have been produced some of them
enter erythrocytes or leucocytes and develop into gametocytes.
These are taken into the body of a blood-sucking Arthropod
(tick, mite, louse, etc.), and the micro- and macrogametes develop
and unite in pairs. The zygote becomes encysted in the osoyst,
which increases enormously in size, eventually producing
sporoblasts, sporocysts, and sporozoites. Each large odcyst

SPOR. L
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contains numerous sporocysts, all of which produce numerous
sporozoites.

The genus was founded by Miller for a parasite of the leuco-
cytes of rats, which had been previously referred to the genera
Haemogregarina or Leucocytozoon.

84. Hepatozoon adiei Hoare. (Fig. 66.)

tHepatozoon adiei, Hoare, 1924, pp. 63-6, 1 pl.
Hepatozoon adiei, Wenyon, 1926, pp. 1086, 1095, fig. 456 ; Reiche-
now, 1929, p. 923.

Schizonts more or less regularly ovoid. Nuclear multiplica-
tion gives rise to 12 to 24 nuclei. Merozoites elongate and
vermiform. Younger schizonts enclosed in definite cells,

Fig. 66.—Hepatozoon adiei Hoaro. A, B, ovoid schizonts ; C, schizont
' showing formation of merozoites ; D, rod-like gametocyte
onclosed in a leucocyte. A-~C, in the smears of the lung ;

D, in the peripheral blood. (After Hoare.)

probably endothelial cells of the capillaries. In later stages,
host-coll reduced to a thin membrane with the flattened
nucleus at one side of it. Gametocytes rod-like, rounded
at both extremities; nucleus usually terminal in position.
The gametocyte either displaces or is wedged in the leucocyte
nucleus.

Dimensions.—Schizonts from 8 u by 4:8 1 to 20-8 u by 11-2p;
gametocytes 8:5u by 4:5p.

Remarks.—Only dried films of the blood and smears of the
internal organs of the bird were available for study. The
schizonts were found in smears of the lung, and the gametocytes
in the leucocytes of the peripheral blood. The schizonts and



HEPATOZOON., 147

the gametocytes closely resemble H. canis and H. muris.
Nothing is known of the sexual cycle in the Invertebrate.

Habitat.—Blood and smears from the lung of an Indian
eagle (not identified) : PunJsas, Kasauli.

835. Hepatozoon canis (James). (Fig. 67.)
tLeucocytozoon cantis, James, 1905, pp. 1-12, 1 pl.; Bentley, 1903,
p. 988; Christophers, 1906, pp. 1-16,1 pl.; 1907, pp. 1-12, 1 pl.
‘t Leucocytozoon bentleyi, James, 1905 a, p. 1361.
Leucocytogregarina rotundata, Patton, 1910, p. 280.
Hamogregarina canis adusti, Nuttal, 1910, p. 108.
Hemogregarina canis, Wenyon, 1911, pp. 324-32, text-figs. 4-3,
pl. xvi, figs. 1-17.
Leucocytozoon canis, Christophers, 1912, pp. 37-44, 1 diagram,
text-figs. 4-8.
Hepatozoon canis, Minchin, 1912, p. 377.
Hamogregarina cants, Castellani & Chalmers, 1919, p. 483.
tHepatozoon canis, Rau, 1925, p. 293.
tTHaemogregarina canis, Rau, 1926, p. 244,
Hepatozoon canis, Wenyon, 1926, pp. 1091, 1092, fig. 455; pl. xix,
tigs. 3, 4; pp. 1355-7; Reichenow, 1929, pp. 921, 922, figs. 885,
886.

Schizogony occurs in the spleen, bone-marrow or liver.
Schizonts of several types; some produce a small number
(generally three) of large merozoites, which become schizonts
again, whilst others produce a large number of small merozoites.
These latter enter the mononuclear or polymorphonuclear
leucocytes and become gametocytes. Iree vermicules found
in the gut of the infected ticks.

The gametocytes undergo development in the common
dog-tick, Rhipicephalus sanguineus Koch, in the tissues of
which are eventually produced very large oGeysts, containing
from 30 to 50 sporocysts, each containing about 16 sporozoites
and a residual body. After the sporocysts are fully developed,
the odcyst appears to break up and sporozoites are found
scattered among the tissues of the tick. Infection of the dog is
probably produced by the ticks being eaten.

Dimensions.—Gametocytes 8-10u by 4-5pu, nucleus 2-3 u ;
odcysts up to 100 u ; sporocysts 15-16 u in length ; sporozoites
14-15p in length.

Remarks.—Rau (1925) infected dogs by injection of spleen
material containing schizonts, as also by the injection of the
tissues of infected ticks. Parasites appeared in the blood
two or three weeks after inoculation and infection progressed
in intensity, bringing about the death of some of the animals.
Wenyon, however, doubts if other causes of death were
excluded.

Habitat.—Internal organs and leucocytes of the Indian wild
dog, Cyon dukhunensis (Sykes): Assam, Borjulie, Gauhati,

L2
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Fig. 67.—Hepatozoon canis (James). A, parasite in a leucocyte of the
dog; B, free vermicule in tho blood of the dog; C, D,
schizogony in the bone-marrow of the dog; K, gametocytes
lying side by side; #, ¢, formation of the microgametes;
H, zygote showing a number of nuclei; I, section of odcyst
in which sporoblast formation is taking place ; J, section of
fully developed odcyst in which the sporocysts, each con-
taining about sixteen sporozoites, have formed. A-G in the
dog; H-J in the tissues of the tick. (A-I, after Christophers ;
J, after Wenyon.)
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it contains, provides the most convenient diagnostic characters
for the differentiation of the genera : but different opinions
have been held regarding the basis upon which the genera
should be united into subfamilies and families. Following
Liihe (1906), Minchin (1912), Reichenow (1921) and Wenyon
(1926) arrange the genera into higher groups, mainly according
to the type of schizogony. Schneider (1881) and Léger (1911)
adopted the characters of the ripe o6cyst as the basis for classi-
fication : but while Schneider and his followers, Biitschli
(1882), Labbé (1899) and Minchin (1903), arranged them
according to the number of sporocysts within the odcyst,
Léger (1900), followed by Mesnil (1903), Poche (1913), Dotlein
(1916), Pinto (1928), and Noller (1928), classified them according
to the total number of sporozoites in the odcyst.

Wenyon (1926) divides the suborder into six families, viz..
Selenococcidiida, Cryptosporidiida, Eimeriide, Caryotrophidee,
Aggregatidee, and Lankesterellidee. Reichenow (1929) re-
shuffled the genera among three families, and brought over
Dobellid® from the ApeLEiDEA and Leucocytomldab from the
HzazmosporipIA. Thus he classified the EIMERIDEA into five
families, viz., Selenococcidiidee, Aggregatide, Dobellide,
Eimeriid®, and Leucocytozoidee.

Hoare (1933), leaving out of consideration tho families
Dobellidee and Leucocytozoide (which might as well be
included, as in Wenyon’s classification), has proposed a modi-
fication of Léger’s classification, in which the subfamilies
are distinguished from each other by the number of sporocysts
within the odcyst, while the genera within each subfamily
differ from one another in the number of sporozoites within
each sporocyst. The suborder is divided into two families :
(1) Selenococcidiidee and (2) Eimeriidee. The family Eimeriida
is divided into six subfamilies. I have followed this classifica-
tion in this work.

Identification Table of Families.

1 (2). Body cylindrical or vormiform. Nuclear
multiplication takes place in the extra-
cellular motile stago ; schizont becomes
rounded on entering an epithelial cell
and breaks up into eight merozoites,
which are set free into the lumen of the
gut. Numerous microgametes formed

from a microgametocyte. Fertiliza- [Léger & Duboscq.
and sporogony unknown ............ Selenococeidiide *
2 (1). Body not cylindrical or vermiform. .. .. Eimeriidee Léger, em.

{Hoare, p. 158.
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1. Family EIMERIIDA Léger,
emend. Hoare, 1933.

Schizogony and sporogony are very uniform in character
throughout the family, but variations occur in the number of
the sporocysts and the sporozoites developed within the
obeyst. The family is divided into six subfamilies on this
latter basis.

Key to Subfamilics and Genera.

I. Schizogony and sporogony in the same host.

1. Oocyst asporocystid ......... Subfam. CRYPTOSPORIDIIN &
[Poche, emend. Hoare, p. 159.
Odeyst totrazoic .......o... Cryptosporidium * Tyzzer,
Obeyst octozoic. . ..o.oovvu.... Pfeifferinella * Wasiolewski.
Odeyst 0ctozoic vovvevvnnn.. Schellackia * Reichonow.
Odeyst polyzoic ............ Lankesterella Labbé, p. 159,
2. Obeyst monosporoeystid. .. .... Subfam. CARYOSPORINE *
[Wenyon.
Sporoeyst tetrazoic ......... Mantonella * Vincent.
Sporocyst octozoic . ......... Caryospora * Leger.
3. Ooceyst disporocystid ... ..., Subfam. CYCLOSPORINE
[Wenyon, p. 162.
Sporocysts dizoic .......... Cyclospora * A. Schneider.
Sporocysts totrazoic ........ Isospora A. Schneider, p. 162,
Sporocysts octozoic ......... Dorisiella * Ray.
4. Qdeyst tetrasporocystid ...... Subfam. EiMEruN®: Wenyon.
[p. 173.
Sporocysts dizoie ........... Eimeria A. Schneider, p. 173.
Sporocysts tetrazoic ........ Wenyonella Hoare, p. 197,
Sporocysts polyzoic ......... Angeiocystis * Brasil.
5. Odceysts octosporoeystid ...... Subfam. YAKIMOVELLINE *

Grouseff.
Sporocysts polycystid ....... Yakimovella * Gouseff.

6. Odeyst polysporocystid ...... Subfam. BARROUSSINZE
[(Wenyon), p. 199.

Sporocysts monozoic . ....... Barroussia * A. Schneider.
Sporocysts monozoic ........ Kchinospora * Légor.
Sporocysts tetrazoic ........ Pythonella Ray & Das-

[Gupta, p. 199.
I1. Schizogouy and sporogony in different hosts.

Qdcysts polysporocystid ........ Subfam.AGGREGATINEReiche-
[now, emend. Hoare, p. 199.

Sporocysts dizoic ......... .. Merocystis * Dakin.
Sporocysts dizoic ........... Pseudoklossia * Léger &
[Duboseq.
Sporocysts trizoic .......... Aggregata Frenzel, p. 200.
Sporocysts dodecazoic ...... Caryotropha * Siedlecki.
Sporocysts dodecazoic ...... Ovivora * Mackinnon & Ray.

Sporocysts polyzoic ......... Myriospora * Lermantoff.
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Subfamily CRYPTOSPORIDIINAE Poche,
emend. Hoare, 1933.

Ooeyst contains four, eight, or many sporozoites developed
without the formation of sporocysts.

Genus LANKESTERELLA Labbé, 1899.

Drepanidium, Lankester, 1882, pp. 53-65; Labbé, 1894, p. 76.

Lankesterella, Labbé, 1899, pp. 73-5; Minchin, 1912, pp. 372, 378 ;
Noller, 19136, p. 231; 1920 b, p. 176; Wenyon, 1926, pp. 878-80,
1105; Knowles, 1928, p.471; Reichenow, 1929, pp.964-5; Kudo,
1931, p. 275 ; Calkins, 1933, p. 566 ; Hoare, 1933, pp. 383, 385.

The whole of the development takes place in the endothelial
cells of the blood-vessels. The oécyst contains numerous
(32 or more) sporozoites developed without the formation
of sporocysts. The sporozoites finally enter the blood-
corpuscles and are mechanically transferred to another host
by a blood-sucking animal.

Remarks.—This genus includes certain types which were
originally considered as Hewemogregarines of cold-blooded
animals. Noller (1913 @, b and 1920 b) showed that the forms
within the blood-corpuscles are sporozoites, and that the rest
of the cycle takes place in the endothelial cells of the blood-
vessels (instead of the intestine as in the typical coccidian)
and is of the Eimeria type. Reichenow (1919) described
another genus, Schellackia, from lizards, in which the develop-
ment is on similar lines, but takes place in the intestine.
He (1921 a) placed the two gencra in a new family, Lankesterel-
lidee, and Wenyon (1926) followed this arrangement; but
Reichenow (1929) has since placed both genera in the family
Eimeriide, and Hoare (1933) has put them in a new subfamily,
Cryptosporidiinz, of the same.

Key to Indian Species.

Sporozoite like a vermicule, with its anterior [p. 159,
extremity tapering, 10~15 4 in length ... L.minima (Chaussat),

Sporozoite usually constricted into 3 segments,
tho middle containing the nucleus;

(p. 162.
15-16  in length ........ ecerierieaa. L. monilis (Labbé),

93. Lankesterella minima (Chaussat). (Fig. 72.)

Anguillula minima, Chaussat, 1850. '

Drepanidium ranarum, Lankester, 1871, pp. 387-9, figs. 3, 4;
1882, pp. 53-65; Labbé, 1891, p. 479; 1892, p. 617; 1893,
p. 1207.
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Drepanidium princeps, Labbé, 1894, p. 76.
Lankesterella ranarum, Labbé, 1899, p. 74 ; Minchin, 1903, pp. 239,
253-17, 260, 261, 265, 267, 270, 345; 1912, pp. 372-8.
Lankesterella minima Minchin 1903 p. 265,
tLankesterella minima, Patton, 1908, p. 319 ; 1909, pp. 146-7.
Hzmogregarina minima Mathis & Léger, 1911, pp. 448-9.
Lankesterella minima, Minchin, 1912, p. 372; Noller, 1912, pp. 201-8,
pl. xx; 1913 a, pp. 313-16; 1913 b, pp. 222-32, pl. xiv, figs. 55-
68 ; pl. xv, figs. 69-72; 19204, pp. 169-89, pls. iv-vi; Wonyon,
1926, pp. 878-80, fig. 380 ; p. 1105.
tLankesterella minima, Scott, 1926, pp. 237-8 ; 1927, pp. 190-1.
Lankesterella minima, Reichenow, 1929, pp. 964-5, fig. 930 ; Kudo,
1931, p. 276, fig. 15, g.
Lankesterella ranarum, Calkins, 1933, p. 545, fig. 218, B, C.

Infection of the frog is brought about by a leech, which
introduces the sporozoites. Sporozoites make their way into
the blood-capillaries of various organs, and apparently enter
the endothelial cells, where the entire development takes place.
Each sporozoite becomes rounded, grows into a schizont,
and produces a large number of merozoites. The merozoites
escape into the blood and infect other endothelial cells. Mero-
zoites of a special kind are finally produced, and these, after
entering the endothelial cells, develop into micro- and macro-
gametocytes. Microgametocyte produces a large number of
microgametes, and fertilization of the macrogamete results.
An obeyst is formed round the zygote, which breaks up directly,
without the formation of sporoblasts and sporocysts, into
a number of sporozoites. The latter, by rupture of the oseyst,
escape into the blood and enter red blood-corpuscles. Here
the sporozoite is seen as a small vermicule, which may attain
half the length, but no more, of the corpuscle. The leech
sucks up sporozoites with the blood and transfers them
mechanically to another frog (tadpole).

Dimensions.—Sporozoite 1015w in length.

Remarks.—The cycle as described above is based on the
researches of Noller (1912, 1913, 1920). As Wenyon has
remarked : " if this cycle of development is confirmed, it is
a remarkable one in that the whole development, up to the
formation of sporozoites, takes place in the endothelial cells
of the blood-vessels, and is an illustration of a coccidium,
originally transferred from host to host in the ogcyst stage,
as in the more typical forms, having become adapted to life
in the blood-stream. . .. The possibility of the escape of the
odeysts to the exterior having been lost by this change of
habit, the difficulty is overcome by the leech transferring
from host to host.”

Some observers have described the vermicule as becoming
spherical and undergoing schizogony in the red blood-corpuscles,
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but Noller believes that such schizonts belong to Dactylosoma
ranarum, another parasite of the frog’s corpuscles.

Habitat.—Blood of Rana tigrina Daud., and in the leech
which transmits it : MaprAs, Madras; also from the same
host from India in the Zoological Gardens, London.

Fig. 72.—Lankesterella  minima (Chaussat). 4, young schizont;
B, schizogony in an endothelial cell; C, young forms in
endothelial cell; D, microgametocyte; kA, formation of
microgametes in the endothelial cells of blood-vessels ;
F, fertilization of a female gamete in an endothelial cell of
blood-vessel ; @, odcyst formed in an endothelial cell ;
H, mature odcyst containing sporozoites in endothelial cell.
(From Wenyon, after Néller.)

SPOR. M
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94. Lankesterella monilis (Labbé). (Fig. 73.)

Hzamogregarina ranarum (part), Celli & Sanfolice, 1891, p. 504, pl. v,
figs. 2, 3, 4, 12-15; Kruse, 1890, p. 541.
Drepanidium monile, Labbé, 1894, p. 76, pl. iii.
Lankesterella monilis, Labbé, 1899, pp. 74-5, fig. 140.
tLankesterella monilis, Berestneft, 1903, pl. viii, fig. 7.
Lankesterella monilis, Minchin, 1903, pp. 265, 267, 345.

Free stages very mobile and showing successive undulations
in locomotion. Body shows constriction into three segments,
the middle one containing the nucleus. Nucleus vesicular,

Fig. 73.—Lankesterella monilis (Labbé).
Free forms. (After Labbé.)

containing a karyosome and numerous chromatoid granules.
No vacuole. Cysts as in L. ranarum.

Habitat.—Blood of Rana tigrina Daud. and R. limnocharis
Wiegmann : BomBaYy, Bombay.

Subfamily CYCLOSPORINZAE Wenyon, 1926.

Odeysts contain two sporocysts, each containing two, four,
or eight sporozoites.

Genus ISOSPORA Aimé Schneider, 1881.

Isospora, Aimé Schneider, 1881, p. 401.

Coccidium, Grassi, 1881, p. 135, pl. iii, figs. 37-40; p. 192.

Diplospora, Labbé, 1893, p. 407.

Hyaloklossia, Labbé, 1896, p. 535 ; 1899, p. 55.

Isospora, Labbé, 1899, p. 72.

Diplospora, Labbé, 1899, p. 71.

Isospora, Laveran & Mesnil, 1902¢, p. 83; Castellani & Chalmers,
1919, pp. 473, 475; Dobell, 1922, pp. 1497-8; Craig, 1926,
Pp- 349-53 ; Wenyon, 1926, pp. 80628 ; Knowles, 1928, pp. 351
8; Reichenow, 1929, pp. 955-61; Kudo, 1931, pp. 274-5;
Calkins, 1933, p. 565; Hoare, 1933, pp. 364-9, 383, 385.

Oooyst develops two sporocysts, each containing four
sporozoites.

Remarks.—Species belonging to this genus are known from
man, cats and dogs, birds, lizards, and frogs. Cats and dogs
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and colour of the obcyst, the appearance of the odcyst wall,
the character of the micropyle, and the presence or absence
of a residual mass when the sporoblasts separate, as also the
shape and size of the sporocyst, are taken into account in
identifying the species. Allen (1934) gives a key to twenty-
four known species of Eimeria in birds.

According to Dobell (1932), Leeuwenhoek probably first saw
the o6cysts of rabbit Coccidia as far back as 1674, but, as
remarked by Wenrich (1935), it has only recently been demon-
strated beyond a doubt that rabbit Coccidia are peculiar to

Fig. 80.—Life-cycle of HKimeria schubergi (Schaudinn). (x400.)
A, entrance of a sporozoite in tho gut opithelium of the host
and growth of schizont; B, three stages in schizogony to
form merozoites, which ropeat schizogony ; or C, become
macro- and microgametocyte ; D, E, formation of macro-
gamete ; #-H, formation of microgametes; I, mature
gametes and fertilization ; .J, secretion of a membrane round
the zygote ; K—N, stages in sporocyst formation ; 0, odcyst
containing four sporocysts, cach with two sporozoites ;
P, escape of the sporozoites. (From Kudo, after Schaudinn.)

rabbits and different from those of cattle and poultry ; and
further, that rabbits may harbour five or six different species
of Eimeria, of which E. stiedz, occurring in the liver, is the one
most often causing disease and death; the other species
live in the intestine.
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Key to Indian Species.

Obeysts spherical. ............ ceree
Sporocysts with rounded ends ......
Oécysts 18-21 p in diameter, without
residiun ; sporocysts 10p by Tp,
with residuum. In fish and man ..
Odcysts almost spherical (somotimes
oval), 16-20x by 14-18u, without
residuum ; sporocysts sphorical or
oval. Inlizards ................
O6ceysts 16-18 p in diameter, without
residuum ; sporocysts oval, with
residuum. In tortoises ..........
Oocysts 20-22 u, without residuum ;
sporocysts oval, with residuum. In
gharials ......... teesesmtosianne
Obceysts spherical or almost spherical,
12-26p in diametor; sporocysts
pear-shaped, 9:9-11p by 53-57pu;
without residuum. In cattlo .....
Sporocysts fusiforrn or with pro-
JOCLIONB. t ottt ittt ii i
Sporocysts elliptical, narrow end pro-
jocting as a nock and bearing an
invorted V-shaped appendage .. ...
O6eysts 9-13 p in diameter ; sporo-
cysts Qu by 4u. Infish .........
Sporocysts fusiform ...............
Oocysts 36-52u in diameter, with
residuum ; sporocysts fusiform,
30-32 u by 7°5 p, with residuum. In
fishandman ...................
Qocysts 14 4 in diametor, without resi-
duum ; sporocysts spindle-shaped,
with rosiduum. In tortoiso.......
Obceysts 8-11p in diamoter, no resi-
duum ; sporocysts 4:5-6u by 3pu;
schizonts bear laminwm at anterior
ond. Intoads ..................
Odoeysts not spherical .............
Oocysts mitre-shaped .............
Qo6eysts with 4 or 5 projections, 10~
15 p in diametor, without residuwmn ;
sporoeysts oval. In tortoises .....
Qocysts subspherical, ovoid, oval or
eylindrical ........... ... .. ...
Ooceysts subspherical, ovoid or lemon-
shaped ........ ...l
Oocystssubspherical, 16'4 u by 14:35 .
Odeystic rosiduum present. In
PiOONS ... ..,
Qdeysts ovoid or lemon-shaped ... ..
Odcysts lemon-shaped, 17-20°4u by
136-17u. Inlizards ............
Oécysts usually ovoid, 20-40u by
17-28 p, sometimos spherical, 18 i in
diameter ; sporocysts 13u by 6p,
with residuum. In sheep. ........

[han), p. 177.
E. clupearum (Thélo-

[p. 184.
E. knowlesi Bhatia,

[p. 186.
E. legeri (Simond),

[(Simond), p. 183.
E. kermorganti

[p. 194.
E zurni (Rivolta),
9.
10.

[Bana, p. 181.
. harpodoni Setna &
12,

[p. 189.
E. sardinz (Thélohan),

[p. 184.
E. koorma Das-Gupta,

[p. 185.
E. laminata Ray,
16.
17.

[Mesnil), p. 187.
E. mitraria (Laveran &

19.
20.

[Das-Gupta, p. 178.

E. columbge Mitra &
)

P

[& Das-Gupta, p. 182.
E. hemidactyli Knowles

[Marotel), p. 179.
E. faurei (Moussu &
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24 (19). Oécysts oval or cylindrical ......... 25.
25 (34). Oéecystsoval............... ceeee.. 26,
26 (31). Sporocysts ovoidoroval ........... 27.
27. Odeysts 17-34p by 11-15pu, without
residuum ; sporocysts ovoid, 7-9u
by 5-7u, with residuum. In [Bana, p. 179.
lizards...............oooie e, E. flaviviridis Setna &
28. Odcysts egg-shaped, 25-35p, w1thoub
residuum ; sporocysts pear-shaped,
10°8-14'4 u by 7-9 p, with residuum. [& Galouzo, p. 191.
Incattle ..................c.... E. smitht Yakimoff

29. QOocysts 32:'4-41'4u by 21'6-288pu,
without residuum ; sporocysts oval,

13-19u by 3-54pu, without resi- [gaieff, p. 194.
duum. Innilgaun ............... E. yakimovi Raste-
30. Oocysts egg-shaped, 18u by 14-4u. [gaieff, p. 194.
Sporocysts not known. In deer. .. K. wassilewskyi Raste-
31 (26). Sporocysts fusiform ............... 32.
32 (33). Oodcysts 18:8-27-04u by 18:8-208p,
without residuum ; sporocysts 14:6 u [Gupta, p. 188.
by 6u. Insnakes ............... E. najx Ray & Das-
33 (32). Oocysts 29-31pu by 22:5-24-5u, with
residuum ; sporocysts 14 u by 4-6 p. [Gupta, p. 189.
Insnakes ...............cceuut. E. piscator: Ray & Das-
34 (25). Oocysts eylindrical ................ 35.
35 (36). Ooveysts 36 by 18 u, with residuum. | Das-Gupta, p. 179.
Insnakes ................. ..., K. cylindrica Ray &
36 (35). Ooceysts 25 u by 12 u, with residuum ;
sporocysts oval, 10-12u in length. [p. 193.
Infish. .. oo iniiii i, K. southwell; Halawani,

104. Eimeria clupearum (Thélohan). (Fig. 81.)
Coccidium sp., Thélohan, 1892, p. 158, pl. xii, figs. 13, 14.
Coccidium clupearum, Thélohan, 1894, p. 565, pl. xxii, figs. 19, 20.
(oussia clupearum, Labbé, 1896, p. 552, pl. xviii, figs. 24, 25;
1899, p. 64.
Eimeria sp., Wenyon, 1915 b, p. 1404.
Eimeria wenyont, Dobell, 1919 a, pp. 187-8, pl. viii, fig. 2; Castel-
lani & Chalmers, 1919, pp. 475-6 ; Dobell & O’Connor, 1921,
p. 100, pl. vi, fig. 104.
tEimeria clupearum, Knowles, 1924, p. 24 ; 1928, p. 362, fig. 83.
Eimeria clupearum, Wenyon, 1926, pp. 851-2, 861, fig. 350, 11;
Thomson & Robertson, 1928, pp. 360-1, 363; fig. 83, 2;
Reichenow, 1929, pp. 951, 952-3, fig. 918 b ; Kudo, 1931, p. 274,
fig. 113 n.
The o6eyst is spherical, is of a light brown colour, and possesses
a fairly thick wall, roughened on the outer surface and lined
by a delicate membrane on the inner surface. It contains
four sporocysts, each having rounded ends. Each sporocyst
contains two sporozoites and some residual substance in the
form of one or two masses of refractile material. Each sporo-
zoite, with rounded anterior and pointed posterior end, con-
tains an ovoid refractile body in its anterior portion.
Dimensions.—O6cyst 18-21 u in diameter ; sporocyst 10u
by 7 .
SPOR. N
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Remarks.—This form was originally described as a parasite
of the liver of herrings, mackerel and sprats. Wenyon
(1915 b) found the ripe odcysts in the fwces of a patient
returned to England from Gallipoli. Dobell (1919 a), con-
sidering it to be a human parasite, named it K. wenyont.

Fig. 81.—O0ocyst of Eimeria clupeariom (Thélohan). (Afltor Dobell and
0’Connor.)

Fig. 82.—FEimeria faurei (Moussu & Marotel). A4, immature oGeyst ;
B, mature oocyst. (Fromm Wenyon, aftor Noller, Schur-
johann, and Verbrodt.)

Knowloes (1924) recorded it from the facces of a man at Caleutta.
Thomson and Robertson (1926) have shown that the odeysts
of E. clupearum oceur in large numbers in the liver of herrings,
mackerel and sprats, and that this is the source of the
odeysts in human feeces.

Habital.—Fxces of man : BENGAL, Calecutta.

105, Eimeria columbge Mitra & Das-Giupta.
tEimeria columba, Mitra & Das-Gupta, 19370, p. 291.

Odeysts subsphorical, tetragporocystid.  Odeystic residuum
present. Sporocyst dizoic.

Dimensions.—Maximum size of oeyst 16-4 p by 14-35 .

Remarks.—Full description of the species has not yet been
published. Tetrasporocystid dizoic condition was observed
after keeping tho oécysts in 1 per cent. chromic acid for four
days. It is said to differ from E. avium (Silvestr. & Rivolta)
in the odeysts being subspherical, and from E. pfeiffer: Labbé
in obcystic residuum being present.

Habitat.—Intestine of the pigeon, Columba livia intermedia
Strickland : BENGaL, Caleutta,



EIMERIA. 179

106. Eimeria eylindrica Ray & Das-Gupta.
1Eimeria cylindrica, Ray & Das-Gupta, 1936 a, p. 345.
Obcysts cylindrical, measuring 36u by 18u. Oobcystic
residuum present.

Habitat.—Rectum of snake, Natriz piscator (Schneid.):
BENGAL, Calcutta.

107. Eimeria faurei (Moussu & Marotel). (Fig. 82.)

Coccidium sp., Moussu & Marotel, 1901, pp. 1087-9.
Coccidium faurei, Moussu & Marotel, 1902, pp. 82-98, 10 figs.
tCoccidium faurei, Baldrey, 1906, p. 387.
Eimeria faurei, Noller, Schirjohann & Verbrodt, 1922, p. 993,
7 figs. ; Wenyon, 1926, pp. 843—4, fig. 363 ; Reichenow, 1929,
pp. 945-6 ; Rastegaioff, 1930, pp. 379, 399 ; Kudo, 1931, p. 272.
Odbcysts usually ovoid, but sometimes spherical, and possess
a definite micropyle closed by a cap. Four sporoblasts are
developed in the oiGeyst, and a residual body may or may not
bo present. Sporocysts possess a micropyle at the more
pointed end ; a residual body is always left in the sporocyst.
Dimensions.—Odécyst, ovoid 20-40u by 17-26u ; spherical
18 p in diameter ; sporocysts 13 pu by 6 p
Remarks.—The parasite is said to cause progressive pernicious
ansemia that sooner or later ends fatally.
Habitat.—Intestino of sheep : INDIA (locality not noted).

108. Eimeria flaviviridis Setna & Bana. (Fig. 83.)
'I‘Eimerlia sp., Sotna, 1933, p. 97, fig. 2; Ray & Das-Gupta, 1933 b,
. 315.
TE?meria (¢ species B ”’), Knowles & Das-Gupta, 1935, pp. 703, 705,
pl. xxx, figs. 6-9, 17.
tEimeria flaviviridis, Setna & Bana, 1935 b, pp. 256-60, pls. i-iii ;
Ray & Das-Gupta, 1937 ¢, p. 270.

Various developmental stages occur either in the cells of
the epithelial lining of the gall-bladder or attached to them,
or floating freely in the fluid in the gall-bladder. Schizonts
rounded, oval, or irregular in shape and give rise to from 16 to
140 merozoites.  Merozoites are clongate curved bodies,
with pointed extremities. ~Microgametocyte is a large ovoid
body. Microgametes simple, rod-shaped. Macrogametocyte
characterized by a crescontic mass of granules surrounding
its nucleus. Oobcysts colourless, elliptical. Four sporoblasts
develop as roundish masses, without the formation of any
residual body. Sporoocysts ovoid, without a cap: each con-
sists of two valves, applied to one another like two watch-
glasses, and contains two sporozoites, which are elongated
structures slightly longer than the sporocyst, with their ends
coiled in. The sporocystal residue is represented by a mass
of granules lying in the middle. Development of the sporo-

N2
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Fig. 83.—Eimeria flaviviridis Sotna & Bana. A, section of a portion of
the gall-bladder showing developmental stages in the epithe -
lial cells (a, schizont; b, merozoites; ¢, macrogametocyte);
B, schizont, showing repeated division of the nucleus;
C, formation of merozoites, with a large residual body in
the middle; D, macrogametocyte ; E, microgametocyte ;
F, odeyst with four sporoblasts ; @, mature odcyst containing
sporocysts, each with two sporozoites and a residual body.
(After Setna and Bana.)
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zoites takes place while the odcysts and sporocysts are floating
in the fluid in the gall-bladder. Odcysts pass into the alimentary
canal and are expelled with the feeces, fresh infection taking place
by these being ingested.

Dimensions —Schizonts 12-21u; merozoites 8-10u by
1-3-1-5 1 ; microgametocytes 16-17 u ; ooeyst 17-34 p in length
by 11-15u in width ; sporocysts 7-9u by 5-7 u ; sporozoites
9-13p by 1:04 u

Remarks.—Setna and Bana (1935 b) described this parasite
as a new species under the name of £. flaviviridis, and observed
both schizogony and sporogony taking place within the gall-
bladder. Development of the odeyst is completed in 62 hours
within the gall-bladder, or within 54 to 61 hours outside the
body of the host under experimental conditions.

Rarely otcysts containing three sporoblasts and three sporo-
cysts were encountered, but one of these was double the size
of the others and developed four sporozoites, the total number
of sporozoites being thus the normal number eight.

Knowles and Das-Gupta (1935) have recorded three species
from the same host. In their ** species B ” the odcysts range
in size from 17-22p in length by 12-15u in breadth. They
also met with occasional giant forms measuring over 30u
in length, and remarked that they possibly corresponded
with the species observed by Bana and reported by Setna
(1933). The odeysts reported by Setna and Bana measured
25-34 p in length and 11-14 x in breadth. It is thus highly
probable that E. flaviviridis described by Setna and Bana
from Bombay and ‘ species B’ described by Knowles and
Das-Gupta from Calcutta are identical.

The species shows a very close resemblance to E. agama
Laveran & Pettit, 1910, as regards the occurrence of both
schizogony and sporogony in the gall-bladder and bile-ducts
and in the form and dimensions of the oocysts, but differs as
regards the form of the sporocysts. In K. agama the odcysts
are more or less elongated oval, measuring 20-25 by 11-14 g,
and the sporocysts fusiform, measuring 8u by 4u. In
E. flaviviridis the sporocysts are ovoid, and measure 7-9pu
by 5-7 p.

Habitat.—Gall-bladder and intestine of the lizard, Hemi:-
dactylus flaviviridis (Riippell) : BeNcaL, Calcutta ; BomBay,
Bombay.

109. Eimeria harpodoni Setna & Bana. (Fig. 84.),

‘tEimeria sp., Setna, 1933, p. 97, fig. 1.
1Eimeria harpodom, Setna & Bana,, l‘)&)a, pp. 165-9, figs. 1-4.

Oo6eysts almost spherical, with four sporoblasts and a large
honeycomb-like residual body. Sporocyst elliptical in outline,
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with the narrow end of the oval projecting in the form of
a neck, and bearing a broad, inverted, V-shaped'append‘a,ge,
clearly visible in both living and stained preparations. Each
sporocyst contains two sporozoites, and a sporocyst resu}ue 18
usually present at one end. Sporozoites usually slightly
curved, with one end broader than the other.

Fig. 84.—Eimeria harpodoni Setna & Bana. A, sphorical odcyst with
four sporoblasts, from the lumen of the gut; B, mature
oocyst with four peculiar-shaped sporocysts each containing
two sporozoites and residue, after development outside the
body. (After Setna and Bana.)

Dimensions.—Qobceysts 9-13p  in  diameter ; sporocysts
9u by +pu.

Habitat.—Alimentary canal of the fish popularly known
as “ Bombay Duck,” Harpodon mnehereus (Ham.-Buch.):
BomBAY, Bombay.

110. Eimeria hemidaetyli Knowles & Das-Gupta. (Fig. 85.)
tEimeria hemidactyli, Knowles & Das-Gupta, 1935, pp. 703, 705,
pl. xxx, figs. 10-13, 18, 19 ; Ray & Das-Gupta, 1937 ¢, p. 270.

Obcysts lemon-shaped. No micropyle could be seen, but
the wall of the oGcyst was definitely thinner at the narrow
anterior pole than at the posterior end.

Fig. 85.—Eimeria hemidactyli Knowles & Das-Gupta.
Lemon-shaped o6cysts. (After Knowles and Das-Gupta.)
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Dimensions.—Qocysts 17-20-4 p by 13:6-17 p.
Habitat.—Gut-contents of Hemidactylus flaviviridis (Riippell):
BexNGAL, Calcutta.

111. Eimeria kermorganti (Simond). (Fig. 86.)
tCoccidium kermorganti, Simond, 1901 ¢, pp. 483-5, figs. 1-6.
Eimeria kermorganti, Wenyon, 1926, p. 860 ; Reichenow, 1929,
p. 949.

In the young condition the macrogamete is a small, naked,
granular sphere, provided with a nucleus and situated in a host-
cell. The sphere grows till it reaches a diameter of 20-22 p.
After undergoing syngamy it secretes a double membrane
round itself. The granular mass contracts and divides
into four sporoblasts. Qocyst spherical ; contains four oval

Fig. 86.—Eimeria kermorganti (Simond). A, growing macrogamete ;
B, encysted condition; C, oécyst containing sporoblasts ;
D, obeyst containing four sporocysts; K, fully developed
sporocyst ; F, schizont dividing into merozoites. (After
Simond.)

sporocysts without any residuum. Sporocyst oval; con-
tains two comma-shaped sporozoites, the larger ends of which
are situated at opposite poles, and there is a small mass of
sporocystal residuum. Schizogony was found in some cells,
resulting in a large number of merozoites.

Remarks.—1It is rare to find a Coccidium in an organ from
which there is no exit for the ripe odcysts. Simond believed
that the parasite must be occurring also in other organs con-
nected with the intestine, but could not find them there.

Habitat.—Spleen of the gharial, Gavialis gangeticus (Gmelin),
of the River Ganges.
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112. Eimeria knowlesi Bhatia. (Iig. 87.)

tEimeria (“ species A ), Knowles & Das-Gupta, 1935, p. 701.
pl. xxx, figs. 1-5, 15, 16.

Eimeria knowlesi, Bhatia, 1936, p. 177.

tKimeria (“ species A ’), Ray & Das-Gupta, 1937 ¢, p. 270.

Odcysts almost spherical, sometimes oval. The mature
obeyst contains four sporocysts, each containing two sporo-
zoites, and does not show any micropyle. Sporocysts show
no cap.

Dimensions.—Ojcysts from 16-20 p by 14-18 .

Fig. 87.—Eimeria knowlesi Bhatin. A, spherical obeyst ;
B, oval obcyst.  (After Knowles and Das-Gupta.)

Remarks.—Knowles and Das-Gupta (1935) remark that the
form may be Fimeria railliets Léger, but it was not possible
for them to make certain as they were unable to obtain
Léger’s paper in India, nor could it be procured even in
London. This was due to the reference having been wrongly
cited by Wenyon. Coccidium raillieti was originally described
by Léger (C. R. Soc. Biol. x1, i (1899), pp. 309-11) from
Anguis fragilis Linn., and an abstract of the paper is given
in Wiegmann’s ¢ Archiv’ (1904, pt. 3, pp. 115-16). The odcysts
of E. knowlesi correspond to those of K. raillicti in size, but those
of the latter are oval and show & small button-like protuber-
ance at ono pole. As, however, the odcysts in E. knowlesi
are sometimes oval, and the size-range is not markedly
different from that of K. flaviviridis (= species B’ of
Knowles and Das-Gupta, 1935), it is not certain that it is
a distinet species.

Habitat.—Gut-contents of Hemidactylus flaviviridis (Riippell):
BEeNGaAL, Caleutta.

113. Eimeria koorms Das-Gupta.
tEimeria koorme, Das-Gupta, 1938, p. 155.

Odcyst spherical, thick-walled, possessing a pseudo-micropyle
when mature; without o6cystal residuum. Sporoblasts
spindle-shaped ; sporocystal residuum present.

Dimensions.—QOocysts 14 p in diameter ; sporoblasts 104 by
4:5p.
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Remarks.—Full description of the form has not yet been
published. It differs from E. leger: (Simond), described from
the same host-species, in tho form of the sporoblasts.

Habitat.—Rectum of the Indian tortoise, Lissemys punctata
Bonnaterre : BENGAL, Calcutta.

114. Eimeria laminata Ray. (Fig. 88.)
tEimeria laminata, Ray, 1935, pp. 369-73, pl. x, figs. 1-11.

Young schizonts occur in the intestinal epithelial cells ;
liberated merozoites are active * gregarinule,” and show two

Fig. 88.—Eimeria laminata Ray. A, a portion of the transverse section
of the small intestine (a4, merozoite free in the lumeon ;
b, moerozoite entering a cell ; ¢, macroschizogony ; d, micro-
gamete formation; e, macrogamete; f, microschizont ;
g, threo merozoites in a cell); B, €, macro- and micro-
schizonts showing laming and a siderophilous area containing
contractile elements; D, odcyst showing sporoblasts.
£, maturo odcyst. (After Ray.)

kinds of movements, viz., a bending movement and a screwing
movement, in which the organism turns rapidly on its long
axis and advances with the more pointed end forwards. This
anterior end of the body bears on either side a hyaline blade-
like structure or lamina. Schizogony is initiated at a very
early stage and there are two types of schizonts : (a) macro-
schizonts, releasing twenty to thirty macromerozoites, which
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develop into macrogametes, and (b) microschizonts, producing
six to eight micromerozoites, which become microgametocytes
and give rise to numerous uniflagellate microgametes. The
microschizonts are distinguished by the absence of darkly
staining granules from their cytoplasm, while the macro-
schizonts show the granules scattered through the cyto-
plasm from a very early stage. Sporogony is strictly intra-
cellular. The odcyst occurs in the intestinal epithelial cell,
is spherical, and develops four sporoblasts ; there is no oécystic
rosiduum. The sporocysts are spindle-shaped, and each
contains two sporozoites and a residuum. The mature
odcysts are dropped into the lumen of the intestine and pass
out in the faecal matter.

Dimensions.—Young schizont and merozoite 3p by 1:26u
to 12p by 6 ; obcyst 8-11 u in diameter ; sporocyst 4-5-6 u
by slightly less than 3 u.

Remarks.—Of the 200 specimens of Bufo melanostictus
examined only two were found to be infected, and schizogony
and sporogony were occurring simultaneously in the same
individual.

Habitat.—Small intestine of Bufo melanostictus Schneider :
BEeNGAL, Calcutta.

115. Eimeria legeri (Simond). (Fig. 89.)
fCoccidium legeri, Simond, 1901 d, pp. 485-6, figs. 1-6.
Eimeria legeri, Wenyon, 1926, p. 860 ; Reichenow, 1929, p. 950.
Young macrogametes enter the cells of the liver and grow
till they reach a diameter of 16-18 u, when they acquire a thin

F

Fig. 89.—Eimeria legeri (Simond). A, growing macrogamete; B, en-
cysted condition; C, oocyst containing sporoblasts ;
D, obcyst containing sporocysts ; E, fully developed sporo-
cyst ; F, sporozoite. (After Simond.)
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membrane. Oobcyst spherical, the cytoplasm dividing into
four sporoblasts without leaving any residuum. The four
sporocysts have clear contents. Each shows one smaller and
two larger spheres ; the two larger ones represent the larger
end of each of the contained comma-shaped sporozoites, and
the smaller one a residual body which is granular to start with,
but soon becomes transparent and refringent like the sporo-
zoites.

Remarks.—The parasite differs from E. kermorganti in the
smaller dimensions of the odcysts and in the appearance of
the sporocysts. The oocyst wall is very thin and all the
developmental stages are passed within the tissues of the host.
The sporocysts fall into the bile ducts and pass out through
the alimentary canal.

Habitat.—Gall-bladder and bile-ducts of the tortoise,
Lissemys punctata granose (Schoepff) : INDIA.

116. Eimeria mitraria (Laveran & Mesnil). (Fig. 90.)
tCoccidium mitrarium, Laveran & Mesnil, 1902, p. 613, figs. 12-14.
Eimeria mitraria, Wonyon, 1926, p. 859, 860, fig. 369, 3-5;
Reichenow, 1929, p. 949.

Schizonts produce twenty fusiform merozoites with a central
nucleus. The microgametocytes produce a number of hair-
like microgametes. The oocysts have a characteristic mitre-
like form, the surface of which, unlike those of other Coccidia,

Fig. 90.—Kimeria mitraria (Lav. & Mes.). A, obeyst with four sporo-
blasts ; B, oocyst containing four sporocysts, each with
two sporozoites and a residue. (After Lavoran and Mesnil.)

presents four or five ornamental projections. One pole of the
oocyst always bears a single projection, and the other pole,
which is truncated at the base, bears three (or four) projections
round it. The protoplasm retracts itself from the wall of the
oocyst, becomes spherical, and divides into four sporoblasts
without leaving any cystic residue. Each sporoblast gives
rise to an ovoid sporocyst containing two sporozoites and a
sporal residue.

Dimensions.—Schizonts 10-12 1 ; merozoites 3—5 p in length ;
microgametocytes 10-15u in diameter ; odcysts 10-15u in
diameter.
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Remarks.—All the stages of development are extracellular,
but are more or less intimately attached to the epithelial cells
of the host. Laveran and Mesnil searched in vain for the
intracellular stages, and remarked that if they exist they
must be of a very short duration. They thought it probable
that the organism nourishes itself at the cost of the epithelial
cells by means of pscudopodia, and that the projections
of the oGeyst are their chitinous representations.

Habitat.—Intestine of the tortoise, Chinemys reevesii (Gray) :
CEYLON.

117. Eimeria najee Ray & Das-Gupta. (Fig. 9L.)
tBimeria najz, Ray & Das-Gupta, 1936 b, p. 345; 1937 d, pp. 275-7,
pl. viii.
Schizogony results in the formation of eight merozoites,
belonging to two types, cither spherical or oval in form.
One type shows vacuolar cytoplasm and a distinct karyosome

Fig. 91.—Eimeria naje Ray & Das-Gupta. A4, intestinal opithelial
cells showing () young male gametocyte, (b) mnicrogamete
formation, (c) growing muacrogamete ; B, macrogamete with
micropyle and reserve granules ; €, oicyst showing a button-
liko plug at the micropylo; D, mature odcyst. (After Ray
and Das-Gupta.)

in the nucleus and later develops into female gametes. The
other also shows hyalin cytoplasm, but the nucleus contains
few chromatin granules besides the karysome, and later gives
rise to male gametes. Fully formed female gametocyte shows
a large number of reserve granules in the alveoli of the vacuolar
cytoplasm, and a micropyle is also visible, but disappears
when the obcyst is formed, a button-like plug being seen
instead. Fully formed male gametocyte contains a large
number of biflagellate male gametes. Oocysts oval, thin-
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walled. Odcystic residuum absent. Sporocysts spindle-
shaped, with a small residue. Segmented and unsegmented
oocysts discharged from the host. Sporulation takes place
in 4 to 5 days.

Dimensions.—Male gametocyte 20-24 p in diameter, female
gametocyte 23-27 1 by 16-18 . ; obeysts 23-27u by 16-18pu ;
sporocysts, 12-14 u by 6-8 .

Remarks.—Some of the odcysts showed sporozoites lying
free in the odcyst, formed without the formation of sporo-
blasts. This abnormality has been previously described by
Wasielewski for E. steida and Paracoccidium prevots.

Habitat.—Epithelial cells of the small intestine of the cobra,
Naja naja Linn. : BENGAL, Sunderbans.

118. Eimeria piseatori Ray & Das-Gupta.
tHEimeria piscatort, Ray & Das-Gupta, 1936 @, p. 345.

O6eysts oval ; odeystic residuum present. Sporocysts
spindle-shaped.

Dimensions.—Obcysts 29-31p in length by 22:5-24-5u
in breadth ; sporocysts 14 u by 4-6 pu.

Habitat.—Rectum of the snake, Natrixz piscator (Schneid.) :
BeNcAL, Calcutta.

119. Eimeria sardinee (Thélohan). (Fig. 92.)

Coccidium sardinze, Thélohan, 1890, p. 1216 ; Labbé, 1899, p. 69 ;

Minchin, 1903, p. 340.
fCoccidium oxyspora, Dobell, 1919, p. 188, pl. viii, fig. 3.

Eimeria oxyspora, Castellani & Chalmers, 1919, p. 476.

Eimeria sp., Snijders, 1920, pp. 427-32.

Eimeria snijdersi, Dobell, 1920, pp. 433-6.

Ewvmeria oxyspora, Dobell, 1922, p. 1499, fig. 533 D ; Hegner &
Taliaforro, 1924, pp. 289, 290, 291; Craig, 1926, pp. 355-7,
fig. 64; Wenyon, 1926, pp. 851, 852, 861, figs. 350, 368;
Knowles, 1928, p. 361, fig. 83, 1.

Eimeria snijdersi, Wenyon, 1926, p. 855; Knowles, 1928, p. 361,
fig. 83, 3.

Eimgeria sardin, Wenyon, 1926, pp. 851, 852, 861, figs. 350, 368 ;
Thomson & Robertson, 1926 ¢, pp. 282-3, 2 figs.; 1926 b,
pp. 420-1 ; Knowles, 1928, p. 362, fig. 83, 3; Reichenow, 1929,
pp- 951-2, fig. 918 4 ; Kudo, 1931, p. 274, fig. 113 m.

Odcyst spherical, having a faintly yellow transparent
wall, composed of at least two distinct layers, and containing
four dizoic spores and a small obcystal residue. Sporocysts
long, sharply pointed at both ends, and possessing a tough
endospore and deciduous epispore, the remains of which give
the spore a frilled appearance. In each spore there are two

sporozoites, with pointed anterior and rounded posterior
ends, the latter containing the nucleus.
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Dimensions.—Qbcyst 36-52p in diameter; sporocysts
30-32pu by 7-5 .

Remarks.—Dobell (1919) found a Coccidium in a young man
who had been in South Africa, India, and Ceylon, and described
it as a new species under the name Coccidium oxyspora.
He could not determine whether the organism was pathogenic,
as the patient was also infectod with Entamaba histolytica
and Ancylostoma. He further analysed records of over seventy
cases of coccidiosis in man. Those cases all bolong to Eimeria
clupearum (Thélohan) (:==E. wenyoni Dobell, 1918) or to
Isospora belli Wenyon (=1I. hominis Railliet & Lucet).

Snijder (1920) described another case of human coccidiosis
and, as the odcysts were definitely larger, Dobell (1920) named

Fig. 92.—Limeria sardine (Thélohan). (After Dobell.)

this parasite K. snijdersi. Broughton-Alcock and Thomson
(1922), however, in another case of E. oxyspora infection
found oicysts quite as large as those of K. snijdersi, and con-
sidered the two species to bo identical. Brug (1922 a)
suggested that K. snijdersi was of animal origin and ingested
with food. Thomson and Robertson (1926 ) made a careful
study of the Coceidia of fish and came to the conclusion that
the oocysts of E. swrdine (Thélohan, 1890), parasitic in the
“goft roe’” (testis) of herrings, sprats and mackerel, are
identical with the obeysts of E. oxyspora and E. snijdersi.
They further (1926) proved their contention by giving
a man a strong saline aperient and afterwards making him
eat a large quantity of soft roe of herring. Next morning he
passed a large number of oicysts of E. sardine which were
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identical with those found in cases of human coccidiosis.
Thus E. oxyspora and E. snijdersi are synonymous with
E. sardinz.

In India Setna and Bana (1935) have studied the coccidial
infection in a number of fish, and described the odcysts and
sporocysts from ten different species, but the odcysts in no
case correspond with those of E. clupearum or E. sardina.

Habitat.—Alimentary canal of man who had visited South
Africa, India, and Ceylon.

120. Eimeria smithi Yakimoff & Galouzo. (Fig. 93.)

Coccidium oviforme (part), Guilleboau, 1893, p. 81.
Eimeria zurnt (part), Smith & Graybill, 1918, p. 89; Wenyon,
1926, pp. 842-3, fig. 362.
tEimeria zurni (part), Cooper, 1926 a. p. 290 ; 1926 b, p. 201.
ftBovine Coccidia (part), Cooper, 1927, pp. 92-7, pl. x.
Eimeria smithi, Yakimoff & Galouzo, 1927, pp. 185-200, figs. 1-7 :
Reichenow, 1929, p. 945 ; Rastegaieff, 1930, pp. 390-1, fig. 2.
tBovine Coccidia, Sen, 1932, p. 34.
tEimeria smithi, Waro, 1936, p. 35.

Odbceysts are ovoid, with one pole pointed, have a thin wall,
and are provided with a micropyle. They are brownish in
colour, and are distinctly larger in size than those of E. ziirni.
Mature cysts do not show any odeystic residue. Sporocysts
pear-shaped, with a sporocystic residue.

Fig. 93. Fig. 95. Fig. 94.

Fig. 93.—LKimeria smithi Yakimoff & Galouzo. (After Yakimoff and
Galouzo.)

Fig. 94.—Eimeria wassilewskyi Rastegaieff. (Aftor Rastegaieff.)

Fig. 95.—Limeria ztrni (Rivolta). (After Yakimoff and Galouzo.)

Dimensions.—O6cysts 25-35p in length ; sporocysts 10-8—
14-4 p by 7T-9u ; sprozoites 3-6-5-8 u by 3-5 pu.

Remarks.—Zschokke (1892), Hess (1892), and Guillebeau
(1893) were the first to describe coccidiosis of cattle as a
distinct disease. Guillebeau noted that in certain years the
disease became epidemic and caused considerable mortality.
Multiplication occurred in the epithelial cells of both the small
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and large intestine. The oécysts described by him possessed
a distinct micropyle. Zublin (1908) studied the development
of the obcyst outside the body and also noted that although the
majority of oécysts were 12-15p in diameter, larger forms,
which measured 30-35u in length by 204 in breadth, also
occurred. Theobald Smith and Graybill (1918), who investi-
gated coccidial dysentry of calves in America, also encountered
oocysts of two types. The second type, which evidently
corresponds with E. smithi, were said to be brownish in colour,
possessed a thick wall, and measured 25-8-41-8 1 in length by
16:4-24-6 u in breadth. They did not contain any odcystic
residue, but sporocystic residue was present.

Wenyon (1926) considered it possible that there were
two species of Eimeria found in cattle, but was led to identify
and figure the larger, oval type as E. ziirni.

Cooper (1924) apparently was the first to record bovine
coceidiosis in India. He (1926 «) noted the extreme variation
in shape and size of the ojcysts, but considered these variations
to be connected with the rate of multiplication. According
to him, in normal * carrier” infection all odeysts are well
formed, with a strong, thick capsule and with a relatively
large amount of dense and granular protoplasm, but very large
and extremely small forms are encountered, and display
considerable range of variation in shape. At the height of
multiplication odcysts are small, and they show an almost
uniformly ovoid to a nearly round shape, with distinctly
thinner capsules. When clinical symptoms oceur still smaller
obcysts appear, usually in small numbers; these have an
extremely thin capsule and much reduced amount of almost
transparent protoplasm. In discussing the pathogenicity of
bovine Coccidia, Cooper (1926 b) maintained that a latent or
“ carrier » type of infection is of almost universal occurrence
in cattle in India, and that, although usually innocuous,
the parasites are capable, under certain conditions, of over-
coming the animal’s natural defences and then set up a clinical
discase identical with what is described in other countries as
“red dysentery.” He also observed that clinical coccidiosis
also occurs as a sequel to rinderpest, even a mild attack of
which may result in an appreciable resuscitation of Coccidia.
Later (1927) he again reviewed bovine coccidiosis, but the
possibility of the existence of two species did not occur to him.

Yakimoff and Galouzo (1927) surveyed the previous litera-
ture on bovine Coccidia and gave a table noting the measure-
ments of odcysts and other character as given by previous
workers, and came to the conclusion that the name E. ziirni
should be restricted to the forms with smaller and spherical
oocysts, while larger and oval odcysts should be referred to
a new species, E. smithi.
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III. Order HAMOSPORIDIA
Danilewsky.

The HammosporipiA are Coccidia-like forms specially modi-
fied for parasitic life in the blood. There is alternation of
hosts, asexual reproduction or schizogony taking place in the
blood of Vertebrates and sexual reproduction or sporogony
in the alimentary canal of some blood-sucking Invertebrates.
They are minute, usually intracellular parasites of red blood-
corpuscles, showing motile amoeboid forms in their schizo-
gonous cycle in the Vertebrate host. Gametocytes and
dimorphic gametes are formed, as in the Coccipia; but the
microgametes have no flagella as a rule and move like spiro-
chetes, fertilizing a spherical macrogamete in the body of
the Invertebrate host. The zygote is motile, and is known as
an odkinete; after becoming encysted it gives rise to a large
number of naked sporozoites, which are introduced into the
blood of a Vertebrate host. As they do not pass any stage
of their life-history outside the body of a host, the sporozoites
are not enclosed within a resistant membrane.

Vertebrates of all classes—mammals, birds, reptiles,
amphibians, and fish—are parasitized by different species.
A number of them are known to occur in man and cause malaria,
which works such havoc in India and other tropical countries.
The Arthropods were their primary hosts, and they became
socondarily introduced into the Vertebrates and adapted to
a parasitic mode of life in the blood of the latter.

The HaEMosPorIDIA are divided into four families.

Identification Table of Families.

1 (4). Parasites form hmmazoin pigment (with
the exception of Leucocytozoon) ....... 2.
2 (3). Schizogony in tho ondothelial cells of the
blood-vessels of internal organs of
Vortebrates. Gametocytes in the peri- [Doflein, p. 210.
pheral blood-corpuscles .............. Hemoproteidae
3 (2). Schizogony in the peripheral blood of p. 244.
Vertebratos . ...cveeeveeirernnnnrennns Plasmodiide Mesnil,
4 (1). Parasites do not form hemazoin pigment. 5.
5 (6). Schizogony in the endothelial cells of the
blood-vessels of Vertebrates ; finally the
parasites invade the red corpuscles,
within which they occur as round, ovoid,
rod-like or irregular forms. Show no [p. 2
tendency towards a paired arrangement . Theileriidee Du Toit,
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8 (5). Schizogony in the red blood-corpuscles of
Vertebrates, with division into two or
four; of varying size and shape, and
have a tendency to arrangement in [p. 301.
couples of pear-shaped individuals .. ... Babesiidee Poche,

1. Family HEMOPROTEIDA Doflein, 1916.

Schizogony takes place in the endothelial cells of the blood-
vessels of Vertebrates. Certain merozoites penetrate into the
circulating red blood-cells, in which they develop into gameto-
cytes. If the blood is taken up by a specific blood-sucking
Invertebrate host, the gametocytes develop into gametes,
which unite to form the zygotes, and the latter undergo
sporogony, as in the family Plasmodiide.

Remarks.—1t is important to remember that the schizogony
cycle can only be observed in sections or smears from the
internal organs of the host. In the absence of definite know-
ledge regarding the occurrence of schizogony in the internal
organs, the generic position can only be inferred from the
morphology of the parasites themselves and their occurrence in
relation to the nucleus of the infected corpuscle. In Hamo-
proteus the organism is halter-shaped and grows round the
nucleus without displacing it, whereas in Profeosoma (family
Plasmodiid) the nucleus of the red blood-corpuscle is ordinarily
pushed to one side by the invading organism.

Stiles (1925) gives ‘‘ ookinete not known to encyst >’ as the
character which serves to distinguish the family Hemoproteida
from the family Plasmodiidse. This statement appears to be
based on the earlier work of Aragio. Helen Adie (1915)
followed the complete development of the ookinete of
Hamoproteus columbz in the fly Lynchia maura. She
confirmed that work in 1924, and Aragdo (1927) also con-
firmed it. Numerous odcysts were found in the wall of the
stomach of the fly, and the various stages of development
were found to resemble closely those of malarial parasites in
mosquitoes.

Key to India Genera.

1(2). Young gametocytes enter the red blood-
corpuscles ; when fully developed the
gametocyteis halter-shaped, and produces
pigment granules from the heemoglobin. . [Kruse, p. 211.
2 (1) Gametocytes invade the immature red HEMOPROTEUS
blood-cells which have not yet produced
hemoglobin, the host-cell is profoundly
altered, becoming an elongated spindle,
and the gametocyte does not produce [Danilewsky, p.238.
any pigment «.....ioiiiiiiiiiiiiei, Levucocyrozoon
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Genus HEMOPROTEUS Kruse, 1890.
(Syn. Harreripium Labbé, 1894.)

Hamoproteus, Kruse, 1890, p. 371.

Laverania (part), Grassi & Feletti, 1890, p. 463.

Haemamaeba (part), Grassi & Feletti, 1891, p. 463,

Halteridium, Labbé, 1894, pp. 129, 151 ; 1899, pp. 78-9; Minchin,
1903, pp. 257-9, 267-9; Stephens & Christophers, 1904,
pp. 319-20.

Laverania (part), Laveran, 1899, pp. 603-6.

Ha@mocystidium, Castellani & Willey, 1905, pp. 84-5.

Hamoproteus, Minchin, 1912, pp. 365-9 ; Prowazek, 1912, pp. 566—
88, ; Castellani & Chalmers, 1919, pp. 518-26 ; Wenyon, 1926,
pp. 885-902; Knowles, 1928, pp. 372-8; Reichenow, 1929,
pp- 972-9; Kudo, 1931, p. 288 ; Calkins, 1933, p. 566 ; Reiche-
now, 1935, p. 375.

The parasites grow in the endothelial cells of the blood-
vessels of various organs into fairly large multi-nucleated
schizonts, which then break up into very numerous merozoites.
It is possible that some of them enter other endothelial
cells and again become schizonts, or, entering the red blood-
corpuscles, grow into gametocytes. They produce hmmozoin
pigment granules at the expense of the hmmoglobin of the
host-cells. The fully-formed gametocyte encircles the nucleus
of the red blood-corpuscle like a halter (hence the name
Halteridium Labbé) and usually does not force it out of place.
Parasitic in birds and reptiles, Sporogony takes place in the
body of an Arthropod.

Remarks.—Danilewsky (1889) was the first to record the
parasites referable to this genus. Labbé (1899) considered
that the halteridia of different birds belong to one species,
to which he restricted the name H. danilewsky: (Grassi &
Feletti). They are now known from hundreds of different
species of birds, and many species are recognized. They have
often been confused in the past with another pigmented parasite
of the blood of birds which belongs to the same family as the
human malarial parasite. Researches of Danilewsky, Laveran,
Kruse, Grassi, Feletti, and others have shown the difference
between Hamoproteus (Halteridium) and Proteosoma, viz., that
schizogony takes place in the endothelial cells in the former
and only gametocytes are found in the red blood-corpuscles,
while in the latter schizogony takes place in the red blood-
corpuscles and thus both merozoites and gametocytes can be
found in them.

It was in the Hamoprofeus in the blood of the crow that
MacCullum (1897) demonstrated for the first time that the
so-called ‘ flagellating body ” was the male gametocyte,
and the process of ex-flagellation produced the male gametes,
which eventually fertilized female gametes and led to the
formation of motile zygotes or odkinetes.

P2
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Coatney (1936) has catalogued 45 species of Hazmoproteus
and has given a complete list of 650 avian and 22 reptilian
hosts from which they had been recorded up to the time
of his compilation.

147. Heemoproteus antigonis de Mello.
+Hamoproteus antigonis, de Mello, 1935, p. 471; 1937 a, p. 100.

Female gametocyte with alveolar cytoplasm, stained blue
with Lieshman’s stain; nucleus compact, oval, slightly
subcentral, stained rose, lodged in a vacuole. Male gametocyte
pale violet ; nucleus granular, central. Pigment coffee-brown,
scattered over the body ; in the female gametocyte often in
clusters or in two large masses united by a batonette.

Remarks.—The parasite may possibly be the same as that
recorded by Scott (1926) from Antigone antigone (Linn.).

Habitat.—Blood of Anthropoides virgo (Linn.) : PORTUGUESE
INDIA, Junagad.

148. Haemoproteus asturis de Mello.
THaemo;groteua asturis dussumieri, de Mollo, 1935 b, p. 469; 1937 q,
p. 10

Female gametocytes with alveolar cytoplasm, stained light
blue with Leishman’s stain, nucleus pale rose. Male gameto-
cyte colourless, nucleus more conspicuous. General form
oval, especially in male, rarely halter-like in female. Nucleus
sometimes subcentral. Pigment granules dark brown, of
different sizes, irregularly scattered in both kinds of gameto-
cytes.

Remarks.—De Mello has given to this form a trinomial
designation to avoid confusion with the unnamed Haemoproteus
of Astur plumbarius recorded by Wasielewsky in Germany
in 1908.

Habitat.—Blood of Astur badius dussumieri (Temm. &
Lang.) : PorTUGUESE INDIA, Corlim (Ilhas).

149. Hsemoproteus cerchneisi, sp. nov.
+Heemoproteus sp., de Mello, 1935 b, p. 472 ; 1937 a, p. 100.

Female gametocyte halter-like, cytoplasm alveolar, stained
greyish-blue with Leishman’s stain ; nucleus generally round
and compact, but often quadrangular and consisting of a central
mass with appendages all round, subcentral on the convex
border of the parasite, stained light red and lodged in a vacuole :
pigment coffee-brown with olive tone, granules or clusters
irregularly distributed. Male gametocyte oval or round,
and causing a sort of hernia on the periphery of the red cell;
cytoplasm colourless or light violet ; nucleus subcentral or -
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central, small, elliptic or irregular, containing one chromatic
dot fairly visible, surrounded by the rest of the chromatic
substance which is hardly visible, stained pale rose ; pigment
coffee-brown with olive tone, situated at the poles.

Remarks.—Unnamed species of Hamoproteus have previously
been recorded from several species of Cerchneis in different
parts of the world. According to de Mello, Wasielewski and
Wiilker (1918) recorded the parasite of this bird in Europe as
H. danilewskyi var. tinnunculus, and not having access to
that paper he has refrained from giving his form a specific
name. On comparing his description with Wasielewski and
Wiilker’s figure, as reproduced by Reichenow, the nucleus
of the microgametocyte in var. tinnunculus is large and docs
not correspond with the description as given by de Mello.
I have, therefore, named the parasite found by de Mello as
H. cerchneiss.

Habitat.—Blood of Cerchneis tinnunculosus objurgatus
Stuart Baker : PorTUGUESE INDIA, Pragani.

150. Hemoproteus columhbae Celli & San Felice. (Figs. 104,
105.)
Hamoproteus danilewskii (part), Kruse, 1890, p. 359.
Hamoproteus columbee, Celli & San Folice, 1891, pp. 517-18, 541-8,
pl. vi; 1d. & Et. Sergent, 1907, pp. 26474, pls. vi, vii.
Halteridium columba, Aragio, 1908, pp. 154-67, pls. xi-xiii.
Hamaeproteus columbae, Minchin, 1912, pp. 365-6, fig. 157.
Hamoproteus sp., Sergent & Beguet, 1914, pp. 21-3.
+tHamoproteus sp., Acton & Knowles, 1914, pp. 663-90, pls. xlvii-li ;
Alcock, 1914, p. 584 ; Holen Adie, 1915, pp. 671-80.
Hzmoproteus columba, Castellani & Chalmers, 1919, pp. 525-6,
figs. 185, 186; Helen Adie, 1924, pp. 605-13, 2 pls.; 1925,
pp. 9-15, 5 figs.; Wenyon, 1926, pp. 886, 888-96, 1314,
figs. 383-6 ; Knowles, 1928, pp. 372-1, figs. 87, 88 ; Reichenow,
1929, pp. 973-5, 978, figs. 938-40, 942 ; Kudo, 1931, p. 288,
fig. 122'¢, f; Ruiz Martinez, 1934, pp. 96-8; Coatney, 1936,
p. 88; de Mello, 1937 a, p. 99.

Schizogony takes place in the endothelial cells of the blood-
vessels of various organs of the pigeon, particularly the lungs.
The youngest schizonts are minute cytoplasmic bodies with
a single nucleus within the cytoplasm of an endothelial cell
(fig. 104, P). Growth, nuclear multiplication, and segmentation
into fifteen or more small uninucleated unpigmented masses
take place (fig. 104, @). Each of these cytomeres grows; its
nucleus undergoes repeated division till the host-cell, now
considerably hypertrophied, is filled by a number of multi-
nucleate bodies, each of which is surrounded by a finé membrane.
Within this membrane the multinucleate cytomere divides
into an enormous number of merozoites (fig. 104, R-W). The
endothelial cell finally breaks down and the merozoites escape
into the blood-stream. It is possible that some of them



Fig. 104.—Life-cycle of Hamoproteus columba Celli & San Felice. The

stages above the dotted line occur in the pigeon, those
below in the fly. A4,-C,, growth of female gametocyte
in red blood-corpuscle; A4,-C, growth of male gameto-
cyte; D,;, E;, rounding off of female gametocyte and
escape from cell; D, K, rounding off of male gameto-
cyte and formation of male gametes; F, fertilization ;
G-L, formation of ookinete, which finally makes its
way through the stomach-wall of Lynchia maura ;
M, young odcyst on stomach-wall of Lynchia maura ;
N, mature oocyst filled with sporozoites, which eventually
enter the salivary glands of the fly and are thence injected
into the pigeon ; O, sporozoite entering an endothelial cell
of a blood-vessel of the pigeon ; P, growth of the sporozoite
in a mononuclear cell ; @, primary schizogony into a number
of uninucleate bodies ; RV, each uninucleate body increases
in size and becomes multinucleate ; W, segmentation into
numerous minute young gametocytes which enter red
blood-corpuscles. (From Wenyon, after Aragio and Adie.)
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enter other endothelial cells and again become schizonts,
Others enter the red blood-corpuscles and are seen as minute
cytoplasmic bodies with a single nucleus and often a vacuole
(fig. 104, 4,, A,). Sometimes as many as a dozen young forms
may be present in a single corpuscle, and thus in dry films,
by an approximation and overlapping of the parasites, falsely
suggest a schizogony. The corpuscles with such multiple
infections generally die, so that it is rare to find even two
fully developed gametocytes in a single corpuscle. The young

Fig. 105.—Development of Hamoproteus columba: Celli & San Felice on
stomach-wall of Lynchia maura. A, flattened stomach
showing numerous odcysts of various sizes (X c. 72);
B, edge of stomach more highly magnified, showing
mature and immaturo oodcysts with pigment granules
(X c. 450); C, intact obcyst and ruptured odcyst, with
discharged sporozoites and residual cytoplasm (X c. 600) ;
D, free sporozoites. (From Wenyon, after Adie.)

gametocyte becomes elongate, and granules of brown or black
pigment appear in the cytoplasm (fig. 104, B, C): it grows
round one side of the nucleus, pushing it to one side of the
cell, but the latter retains its original shape and size. The
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fully developed gametocyte is of an elongate sausage-shape,
and almost completely encircles the nucleus : it shows a central
nucleus and a number of pigment granules distributed through
its cytoplasm. Gametocytes arc distinguishable as male and
female. Male gametocytc possesses a hyaline cytoplasm,
staining a pale blue or pinkish colour with Romanowsky
stains, and a rather larger nuclcus consisting of a membrane
enclosing a number of fine chromatin granules (fig. 104, B, C,).
Female gametocyte has a denser cytoplasm, stains more deeply
blue, and possesses a more compact nucleus (fig. 104, B, ().

Further development of the gametocytes takes place in the
fly, Lynchia maura. The male gametocyte produces male
gamctes by cxflagellation, the female gametocyte gives rise
to a single female gamete, and fertilization produces a zygote,
which is a motile vermicule or ogkinete. The odkinetes
penetrate the hinder portion of the mid-gut of the fly and
produce pigmented ooeysts on the outer surface of the wall.
The mature o6eyst (fig. 105, B) measures about 36 p in diameter,
and gives risc to a very large number of sporozoites (fig. 105,
C, D), measuring up to 10 in length. These are set frec by
the rupture of the cysts, invade the salivary glands of the
fly, and are reintroduced into the body of the pigeon.

Remarks.—Acton and Knowles (1914) studied the develop-
ment in the pigeon and concluded that schizogony takes place
only in the lung, but other observers have shown that it takes
place in the endothelial cells of the blood-vessels of other organs
as well. Clean pigeons exposed to infection by infected flies
show young gametocytes in the blood in about four weeks,
during which schizogony takes place a number of times.

Ed. and It. Sergent were the first (1906) to transmit the
infection experimentally to pigeons in Paris by means of
infected flies (Lynchia maura), received from Algiers. The
asexual cycle as occurring in the endothelial cells was first
described by Aragdo (1908). Helen Adie (1915), working in the
Punjab, was the first to follow the sporogony of the odkinetes in
L. maura, and later, working at Algiers (1924, 1925), confirmed
her previous work in India. According to her researches,
flies which have lived on infected pigeons for ten to twelve days,
during which they fed daily, showed all stages of development
of the parasite from the ockinete to the sporozoites in the
salivary glands.

De Mello and de Sé (1916) have described a process of
schizogony in Hemoproteus columba taking place in schizonts
which were originally in the red blood-corpuscles and then
became free in the plasma. If their observations were correct,
they must have been dealing with a species of Proteosoma.
These observations are recorded under Proteosoma columbee
(de Mello & de S4).
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Habitat.—Blood of the ocommon pigeon, Columba livia
Gmelin, and body of Lynchia maura Bigot : Punsas, Amballa ;
BeNGaL, Calcutta.

151. Heemoproteus coracise de Mello & Afonso. (Fig. 106.)

tHaemoproteus coracie benghalensis, de Mello & Afonso, 1935,
pp. 67-8, pl. i; de Mello, 1937 a, p. 100.

Sexual dimorphism of gametocytes shown by tinctorial
reactions of cytoplasm, which stains blue in female gameto-
cytes and is colourless or slightly yellowish-blue in male
gametocytes. Young female gametocytes small, more or less
ovoid ; when full grown are typical halteridia, embracing the

E F G H

Fig. 106.—Hamoproteus coracize deo Mello & Afonso. A-C, female
gemotocytes; D, free female gametocyte; I-Q, male
gametocytes ; H, froe male gamotocyte. (After de Mello
and Afonso.)

nucclus of the red cell and displacing it to the periphery.
These halteridia may be pointed, with a tail-like appendage,
but when full grown they are broad, regular, lodging the
nucleus of the host-cell in their concavity ; cytoplasm alveolar,
not staining uniformly, the blue colour more pronounced at
the poles and lighter in the centre, and showing violet rings in
some specimens ; nucleus compact or more or less granular ;
pigment yellow-brown, in minute granules or big dots, showing
a tendency to collect at the poles. When free the female
gametocytes are roundish or oval, with blue cytoplasm,
nucleus compact or irregular, pigment irregularly scattered over
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the body in clusters or isolated granules. Male gametocytes
show the same form as the female, a little more irregular
in young stages ; nucleus in the form of an irregular spireme.
Pigment has the same appearance, but is more definitely
collected at the poles. When free the male gametocytes
are round, the cytoplasm showing a slight violet-bluish tone.
Infected cells are slightly hypertrophied.

Remarks.—Hzmoproteus has been previously recorded from
Coracia indica Linn. by Plimmer (1912, 1914) and from other
species of Coracia from other parts of the world, but none of
these appears to have been given a specific name. De Mello
rejects the idea that all Haemoproteids from birds in general
are identical with H. danilewskys.

Habitat.—Blood of Coracia benghalensis benghalensis Linn. :
PorTUGUESE INDIA, Corlim (Ilhas).

152. Haemoproteus eorvi, nom. nov. (Fig. 107.)

tHamoproteus sp., Donovan, 1904; Castellani & Willey, 1905,
p. 385, pl. xxiv, fig. 5; p. 400; Dobell, 1910, p. 71. )
tHamoproteus du Corvus macrorhynchus, do Mello, de Sa. de
Sousa, Dias, & Noronha, 1917, pp. 10-11, pl. i, figs. 45-71 ;

de Mello, 1937 «, p. 100.

A B (o4

Fig. 107.—Hzzmoproteus corvi, nom. nov. A, female gamotocyte ;
B, male gametocyte ; C, so-called *“ Acton body,” showing
schizogony. (After de Mello, de S4, de Sousa, Dias, and
Noronha.)

Young parasites small, lanceolate. Female gametocyte
halter-shaped, stained blue by Leishman’s stain. Nucleus
a large chromatic mass, stained deep red, situated usually
in the concavity of the halteridium, nearer one pole than the
other, and quite close to the nucleus of the infected corpuscle ;
pigment collected at one pole, but in the fully developed
gametocyte may occur at both poles. Male gametocyte ovoid
or halter-shaped, stained but little, almost yellowish ; nucleus
contains two or three chromatin granules, and is situated
near one pole, while the pigment is situated near the other.
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When fully developed the nucleus may be vesicular or compact
and linear ; sometimes the pigment may occur near both the
poles also. Schizogony takes place in the lung and not in
the peripheral blood. It is very similar to schizogony as
described in H. columbe. In the intracorpuscular phase the
schizonts are small, medium-sized or large, and in the extra-
corpuscular phase the ““ Acton body ” shows a single nucleus
or, as the result of repeated division, forms a number of nuclei
leading to the formation of as many merozoites.

Remarks.—De Mello and his colleagues referred the parasite
to the genus Hamoproteus, but described schizogony as taking
place in “Acton bodies ” that have come out of the blood-
corpuscle. As, however, they state that schizogony takes place
in the lung (presumably in the blood-vessels), it is conceivable
that the so-called “Acton bodies ”” may have been endothelial
cells of the blood-vessels that are being carried along in the
plasma. The form is consequently retained in the genus
Hezmoproteus pending further investigation.

Habitat.—Blood and smears from the lung of the crow,
Corvus levaillanti macrorhynchus Blanf. & Oates: CEYLON;
PorTUugUESE INDIA, Nova Goa ; and the Indian house-crow,
Corvus splendens Vieill. : INDIA (locality not cited by Donovan) ;
CeYLON ; PoRTUGUESE INDIA, Nova Goa.

' 153. Hemoproteus danilewskyi (Grassi & Feletti). (Fig. 108.)

Hamoproteus (part), Kruse, 1890, p. 359.
Laverania danilewskyr, Grassi & Feletti, 1890, p. 463.
Halteridium danilewskyi, Labbé, 1899, p. 79, fig. 146; Minchin,
1903, pp. 266, 268, 269, 347, 348, 349.
tHalteridium danilewskysi, Stephens & Christophers, 1904, pp. 319-
21, fig. 67 ; Castellani & Willey, 1904, pp. 834, figs. 7-9.
Hamoproteus danilewsky:, Minchin, 1912, p. 365.
tHamoproteus danilewskyi, Plimmer, 1912, pp. 416, 417; 1913,
p. 148; 1914, p. 189; 1915, p. 130; 1916, p. 85; 1917, p. 32.
Hamoproteus danilewsky! var. tinnunculus, Wasielowski & Wulker,
1918, p. 115.
Hamoproteus sp., Wenyon, 1926, p. 1383.
Hamoproteus danilewskyi, Reichenow, 1929, pp. 975-17, figs. 943-6;
Coatney, 1936, p. 88.
1Hamoproteus sp., do Mello, 1937 a, p. 99.

Young oval stages of the trophozoite present, though not
common. Two kinds of fully developed gametocytes (referred
to as trophozoites by the discoverers) present in approxi-
mately equal numbers. The female gametocytes are stained
distinctly blue with Leishman’s stain, leaving a clear tract in
the centre, and with pigment granules scattered more or less
throughout the cytoplasm. The male gametocytes are shorter
and stouter, appearing nearly white or very faintly bluish-
white, owing to greater density of cytoplasm, and the pigment
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granules are aggregated at the two ends. The male becomes
shorter, thicker, and finally nearly round. In one instance
a double infection of a blood-corpuscle by the two kinds of
gametocytes was seen.

Remarks.—Wasielewski and Wiilker (1918) described from
the kestrel a parasite which they named H. danilewskyi var.
tinnunculus, accepting the view that many species of birds can
harbour the same species of parasite. They point out that in
kestrels the infection is either acute or chromic. Acute
infection occurs in young birds, which are heavily infected
and show schizonts in the various organs. When this subsides
chronic infection supervenes and is characterized by relapses

Fig. 108.—Hamoproteus danilewskyi var. tinnunculus Was. & Wiilk.
A, female gametocyte; B, male gamotocyte; C, double
infection with both types of gametocytes. (Aftor Wasielew-
ski and Wulker.)

of a milder type extending over several years. Different
stages in the life-cycle are fully described by them.
Habitat.—Blood of the scops owl, Otus bakkamaena bakka-
maene Pennant : CEYLON, Colombo. Also in the blood of the
following birds from India in the Zoological Gardens, London :—

Anas (Fuligula) baeri Radde (Bayer’s pochard).

Kittacincla macroura Blanf. & Oates (shama).

Copsychus saularis (Linn.) (Indian dial-bird).

Coracia benghalensis indica Linn. (Indian roller).

Garrulax albigularis Gould (white-throated jay-thrush).

Glareola pratincola Linn. (pratincole).

Garrulus lanceolatus Vigors (jay).

Melophus melanicterus (Gmelin) (crested black bunting).

Mesia argentauris Hodgs. (silver-eared babbler).

Nettapus coromandelianus Gmelin (cotton-teal).

Propasser rhodechrous (Vigors) (finch).

Prunella strophiata jerdoni Brooks (=Tharrhaleus jerdoni
Blanf. & Oates) (Jerdon’s hedge-sparrow).
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154. Heemoproteus glaucidii de Mello.
tHzmoproteus glaucidii, de Mello, 1935 b, p. 473 ; 1937 a, p. 100.

Female gametocyte vacuolated, stained deep blue with
Leishman’s stain; nucleus spherical and central or elongate
and situated on the convex border, stained rose; pigment
scattered. Male gametocyte almost unstained ; nucleus large,
without definite borders, containing irregular chromatic
masses, subcentral in halter-like forms, central in the rounded
ones. Infected red cell hypertrophied, with its nucleus
retaining its position when the corpuscle contains a female
gametocyte, and displaced when there is a male gametocyte.

Remarks.—De Mello thinks that perhaps the parasite is the
same as the unnamed Hamoproteus of Qlaucidium perlatum
recorded by A. & M. Léger (1914) in Niger, or perhaps it is
only a new variety of H. noctuz Celli & San Felice (1891).

Habitat.—Blood of Glaucidium radiatum Tickell : Porru-
GUESE INDIA, Canacona.

155. Heemoproteus gymnorhidis de Mello.

+H zmoproteus sp., Plimmer, 1913, p. 148.
1H &moproteus gymnorhidis, de Mello, 1935b, p. 474; 1937 a, p. 100.

Female gamectocytes halter-shaped, very slender, larger
at the poles, cytoplasm alveolar, stained deep blue with
Leishman’s stain, more deeply at the poles ; nucleus central
or subcentral, rod-like, oval or bilobed ; pigment in clusters
of large granules at the centre and at the poles, in the latter
situation sometimes as a fine dust, rendering more intense the
dark staining of the cytoplasm in this part. The pigment
spreads a little round the granules, diffusing into the cytoplasm.
Male gametocyte halter-shaped or oval, not stained or slightly
blue ; nucleus as in the female gametocyte. Pigment granules
very minute, mostly at the poles. Infected red cecll hyper-
trophied.

Remarks.—The parasite is probably the same as the unnamed
Hamoproteus from the Indian Gymnoris flavicollis recorded by
Plimmer (1913), as Gymnoris flavicollis is a synonym of
G. xanthocollis.

Habitat.—Blood of the yellow-throated finch, Qymnoris
xanthocollis Burton : PORTUGUESE INDIA, Pragand; also
from a specimen of the same species in the Zoological Gardens,
London.

156. Heemoproteus herodiadis de Mello. (Fig. 109.)

Haemoproteus herodiadis, de Mello, 1935 a, pp. 351-2, pl. xlii
! fig. 2; 1937 q, p. 101, pl. 1, fig. 1. P ’

Young stages roundish oval, fully developed halteridia never
embracing the nucleus of the red cell. Fusiform or irregularly
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bent forms also occur. Sexual dimorphism of the gametocytes
only visible in the tinctorial reaction of the cytoplasm to
Romanowsky stains, it being light blue and alveolar in female
gametocytes and colourless, almost white, in male gametocytes.

B

Fig. 109.—Hamoproteus herodiadis de Mello.
A, female gametocyte ; B, male gametocyte. (Aftor de Mello.)

Brownish-black pigment irregularly distributed in both.
Infection heavy.

Remarks.—De Mello thinks that the form is perhaps similar
to that found in Herodias alba in the Belgian Congo by
Rodhain, Pons, Vandenbranden, and Bequaert (1913).

Habitat.—Blood of the heron, Egretta intermedia intermedia
(Wagler) : PoRTUGUESE INDIA, lake of Carambolim.

157. Heemoproteus kopki (de Mello). (Fig. 110.)

tHeaemocystidium kopki, de Mello, 1916, pp. 8-10, pl. i, figs. 1-17 ;
de Mello, de S#, de Sousa, Dias, & Noronha, 1917, p. 13.
Hamoproteus simondi, Wenyon, 1926, p. 902.
tHemoproteus kopki, de Mello, 1934 a, p. 378 ; 1934 b, pp. 1785-
99, pl. i.
Hesemoproteus kopks, Coatney, 1936, p. 88.

Young stages round and non-pigmented. Female gameto-
cyte variable in form, usually halter-shaped or oval; cyto-
plasm finely granular, staining deep blue with Leishman’s

A B c D

Fig. 110.—Hamoproteus kopki (de Mello).

A, B, female gametocytes ; C, D, male gametocytes.
(After de Mello.)
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or May-Grunwald Giemsa stain, with small irregular alveoli
uniformly distributed all over the body, sometimes with larger
vacuoles or even larger clear zones; nucleus a compact
chromatic granule, stained faintly rose ; pigment granules very
small, and scattered irregularly all over the body. Male
gametocyte usually ovoid, not halter-shaped; cytoplasm
not staining or only staining light straw-yellow or light grey,
with very distinet vacuoles, rarely without them ; nucleus
granular, compact, sausage-shaped or oval, only faintly
staining, and always larger than in the female gametocyte ;
pigment granules larger than in the female gametocyte, and
situated in one, two or three well circumscribed vacuoles.
Infected red cell hypertrophied, dehemoglobinized, with its
nucleus displaced. Schizogony in the monocytes or endothelial
cells of the lung.

Remarks.—De Mello (1934 b) has described the schizogony
occurring in the pulmonary epithelium of the infected lizard
as very similar to that of Hamoproteus in birds. This,
along with similarity in other characters, dofinitely establishes
the identity of Haemocystidium with Hamoproteus. He has
further shown that H. kopki is specifically distinct from
H. simondt, and not identical as was believed by Wenyon.

Habitat.—Blood and lungs of Hemidactylus brooki Gray :
PorrUucuEsE InDpI4A, Nova Goa.

158. Haemoproteus machlolophi de Mello. (Fig. 111.)

tHe&moproteus danilewskyi, Plimmer, 1912, p. 417.
tHaemoproteus machlolophi, de Mello, 1935a, pp. 353-4, pl. xliii,
fig. 3; 1937 a, p. 100.
Halteridia forms not very conspicuous; nucleus sub-
central, stained pale rose with Leishman’s stain. Female

B

Fig. 111.—Hamoproteus machlolophi (de Mello).
A, female gametocyte ; B, male gametocyte. (After de Mello.)

gametocytes very irregular, denticulated in outline, stained
greyish-blue ;  pigment dark-brown, granules irregularly
scattered in the cytoplasm. Male gametocytes of a regular
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outline, stained clear, almost white ; pigment dark-brown,
granules, showing a tendency to collect at the poles.
Habitat.—Blood of the yellow-cheeked tit, Machlolophus
xanthogenys (Vigors): from INDIA, in the Zoological Gardens,
London ; also from PorTUGUESE INDIA, Siroda (Pondé).

159. Haemoproteus metchnikovi (Simond). (Fig. 112.)

tHamamaba metchnikovi, Simond, 1901 a, pp. 150~2; 19010,
pp. 338-43, pl. viii, figs. 1-20.

Hemocystidium metchnikovi, Castellani & Willey, 1905, pp. 84-5 ;
Castellani & Chalmers, 1919, p. 516 ; Wenyon, 1926, pp. 899,
901, 1396 ; Knowles, 1928, p. 378 ; Reichenow, 1929, p. 978 ;
Coatney, 1936, p. 89.

Gametocytes rarely exceeding half the blood-corpuscle in
size, with a small number of pigment granules, and not causing

Fig. 112.—Hamoproteus metchnikovi (Simond). A, tailed non-pig-
mented form; B, large non-pigmented vermicule form ;
C, young pigmented form; D), fernale gametocyte; E, femalo
gametocyte and male gametocyte in the same corpuscle ;
F, fully developed fomale gametocyte showing nucleus ;
@, loucocyte from the sploen showing two female and
one malo gametocytes; H, lencocytefrom the lung showing
male gametocyte. (After Simond.)

a displacement of the nucleus or distortion of the corpuscle.
In some cases a blunt prolongation of the parasite extends
up the side of the nucleus, but typical halteridia forms are
not seen. Male gametocytes faintly staining, containing
larger nucleus and coarse irregularly distributed pigment ;
female gametocytes deeply staining, containing smaller nucleus
and finer pigment. Sometimes two gametocytes are found
in the same corpuscle.
Dimensions.—Gametocytes 6-10 u in diameter.
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Remarks.—Simond (1901 @, b, e) described two distinct
species from the same host, one non-pigmented and haemo-
gregarine-like, the other pigmented heemamceba-like. Heamo-
gregaring hankini is very rare, but shows the tailed and vermi-
cule forms similar to the Hamogregarines of other tortoises.
Hamoproteus metchinikovi shows sexual differentiation, the
faintly staining forms with coarse grains of pigment being
regarded as male and the deeply staining with finer grains
of pigment as female gametocytes.

Habitat.—Blood of the tortoise, Chitra indica (Gray)
(=Trionyx indicus) of the Ganges and the Jumna : UNITED
PROVINCES, Agra.

160. Heemoproteus orioli de Mecllo.
tHamoproteus orioli, de Mollo, 1935 b, p. 469 ; 1937 a, p. 100.

Female gametocyte stained light blue with Leishman’s
stain ; nucleus central or subcentral, constituting a more
or less compact chromatic dot. Male gametocyte whitish ;
nuclcus central or subeentral, composed of an irregular spireme.
Pigment light brown, granules of different sizes irregularly
distributed, sometimes situated near the poles in both sexes.

Remarks.—De Mello thinks that possibly the parasite may
be identical with the unnamed Hamoproteus of Oriolus
sagittarius recorded by Cleland and Johnston in Australia in
1912, and of O. galbula recorded by Cardamatis in Greece
in 1919.

Habitat.—Blood of Oriolus oriolus kundoo Sykes: PoRTU-
GUESE IND1A, Nova Goa.

161. Heemoproteus raymundi de Mello & Raimundo. (Fig.113.)

THaemoproteus raymundi, de Mello & Raimundo, 1934 a, pp. 97-9,
pls. xii, xiii, text-fig. 1; 19345, pp. 143740, pl. i; 1937 a,
pp. 98, 100.
Free trophozoites, uni- or multinucleated, arc found in the
lung, giving rise to schizonts, rosettes, and merozoites. The

A B c
Fig. 113.—Haemoproteus raymundi de Mello & Raimundo. A4, female
gametocyte ; B, male gametocyte; C, schizogony in the
Iung. (After de Mello and Raimundo.)

SPOR. Q
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schizogony cycle is particularly simple. The merozoites remain
free among the blood-corpuscles or the cells of the host-tissue.
Sections of lungs and spleen also show schizonts within the
red corpuscles and free merozoites among them. In the blood
the red corpuscles show halteridia or reniform gametocytes.
Female gametocyte stained deep blue with Leishman’s stain ;
cytoplasm finely vacuolated ; nucleus elliptical ; pigment
granules deep brown and slightly larger than in the male.
Male gametocyte stained light blue; nucleus granular;
pigment granules finer. Gametocytes may become extra-
cellular and free in the plasma, and assume an oval or rounded
form.

Dimensions.—Gametocytes 6-8u by 2-5-3p ; infected cor-
puscles 8-9u by 4-4-5 .

Remarks—When the gametocytes are full grown the para-
sitized corpuscles become hypertrophied, decolorized, and
sometimes reduced to a thin border round the parasite. The
nucleus of the corpuscle is dislocated to the periphery, and
finally disappears. -

Habitat.—Peripheral blood and sections of the lung and the

spleen of Leptocoma zeylonica (Linn.): PORTUGUESE INDIA,
Nova Goa.

162. Heemoproteus rileyi Malkani. (Fig. 114).
tHamoproteus rileyi, Malkani, 1936, pp. 155-17, pl. iv.

Gametocytes show a variety of form, such as rings, pear-
shaped or elongate forms, spindles, boomerangs, and typical

Fig. 114.—Hamoproteus rileyi Malakani. (After Malakani.)

halteridia encircling the nucleus of the infected red blood-
corpuscles. Male gametocytes stained a pale blue with
Leishman’s stain ; nucleus central, large, consisting of a number
of chromatin granules stained intensely red enclosed by a mem-
brane ; brownish-black pigment granules collected together.
Female gametocytes stained more deeply and the nucleus
not granular but compact. The number of gametocytes in
each corpuscle varied from one to four. In some there was
a mature gametocyte on each side of the nucleus, both of the

same sex or opposite sexes. No schizonts could be seen in
the blood.
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Remarks—The parasite is believed to be responsible for
a serious illness which ended fatally.

Habitat.—Red blood-corpuscles of the peacock, Pavo
cristatus Linn. : Biaar, Patna.

163. Heemoproteus simondi (Castellani & Willey). (Fig. 115).
tHamocystidium simondi, Castellani & Willey, 1904, pp. 84-5,
figs. 10-16; Robertson, 1908, pp. 181-2; Dobell, 1910 a,
pp. 68, 69; 1910 b, pp. 123-32, pl. vii; Castellani & Chalmers,
1919, p. 516, fig. 173.
Hamoproteus simondti, Wenyon, 1926, pp. 899, 902, 1388 ; Knowles,
1928, p. 378 ; Reichenow, 1929, pp. 978-9, fig. 949.
tHamoproteus simondi, de Mello, 1934 a, pp. 6-10, 14-15, pl. ii.
Hzemoproteus simondi, Coatney, 1936, p. 89.

Trophozoite small, rather irregular or amceeboid, with a zone
of pigment granules across the centre, at first only slightly
displacing the nucleus of the corpuscle ; by its further growth
the nucleus of the corpuscle is more displaced. Sometimes

B

Fig. 115.—~Hamotropeus simondi (Castellani & Willey). A, female
gametocyte ; B, male gametocyte: C, double infection
with a male and a female gametocyte. (After Dobell &
Miihlens.)

the parasite is round, lenticular or oval, the oval form nearly
filling the corpuscle and moulding itself on the nucleus of the
blood-cell. Spherical or discoidal forms are gametocytes.
In the male type, body faintly granular; stains a delicate
pale blue with Leishman’s stain, and possesses numerous small
pigment granules scattered round the periphery. In the female
type, body stains dark blue; pigment granules, though
numerous, are slightly larger, and a varying number of
vacuoles always present.

Dimensions.—Gametocytes about 18 in length by 9pu in
breadth.

Remarks.—Dobell (1910) describes schizonts .in the red
blood-corpuscles. These are round bodies about 8u in
diameter, and are supposed to divide into two or four mero-
zoites : but probably this apparent division was an artefact
due to fusion of adjacent parasites during the drying of the

Q2
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blood-films, as shown by Wasielewski and Wiilker in the case of
the Hamoproteus of the kestrel. De Mello (1934) has carcfully
compared his observations on H. kopki with the original de-
scriptions of H. simondi, and has come to the conclusion that
the two are distinet, and not identical as was supposed
by Wenyon. The chief characters in which the two differ
arc as follows :—In H. simond: the male gametocyte is without
vacuoles and with pigment granules finer than in the female
and scattered over the body, whilst in H. kopkt it is without
distinct vacuoles; the pigment granules are generally Jarger
than in the female and are collected in vacuoles. As regards
the female gametocyte, this has numerous vacuoles and the
pigment granules are larger than in the male in the former
specics ; but is without definite vacuoles and the pigment
granules are finer than in the male in the latter species.
Habitat.—Blood of Hemidactylus leschenaulti Dum. & Bibr.:

CEYLON, Trincomalee ; PORTUGUESE InDIA, Mamadu, near
Vavuniya.

164. Heemoproteus sturni de Mello.
tHa@moproteus sturni, de Mello, 1935 b, pp. 473-4 ; 1937 a, p. 100.

Female gametocyte vacuolated, stained light blue with
Leishman’s stain; nucleus ovoid, central or subcentral ;
pigment absent or irregularly scattered. Male gametocyte
halter-like or oval, almost unstained ; nucleus conspicuous,
compact, central or subcentral ; pigment at the poles.

Remarks.—De Mello thinks that the parasite may perhaps
be the same as the unnamed Hamoproteus of Sturnus vulgaris
Linn. recorded by Celli and San Felice (1891) in Ttaly, by Labbé
(1894) in France, by Wasielewski (1896) in Germany, and by
Coles (1914) in England.

Habitat.—Blood of Sturnia malabarica (Gmelin) : Portu-
GUESE INpIA, Pondé.

165. Heemoproteus upupae de Mello.
tHaemoproteus upupe, de Mello, 19355, p. 472; 1937 a, p. 100.

Female gametocyte stained bluish, but not uniformly, with
Leishman’s stain; nucleus compact, spherical, ovoid or
ribbon-like, subcentral, stained deep rose ; pigment in granules
or clusters, irregularly distributed. Male gametocyte colour-
less, with the borders having a very slight bluish tinge ; nucleus
large, granular, pseudospirematic, the threads being irregularly
interwoven or disposed in parallel lines obliquely to the long
axis of the parasite, stained pale rose or violet-rose ; pigment
granules small, often dust-like, and never fused together,
scattered over the body or at the poles, fewer than in the
female gametocyte.
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Remarks.—The parasite may possibly be the same as that
recorded by Danilewsky (1889) in Southern Russia from
Upupa epops.

Habitat.—Blood of Upupa epops orienlalis Stuart Baker :
PoRrRTUGUESE INDIA, Daman.

166. Haemoproteus wenyoni de Mello, de S4d, de Sousa, Dias,
& Noronha. (Fig. 116.)

tHamoproteus wenyoni, de Mello, do Si, Sousa, Dias, & Noronha,
1917, pp. 11-12, pl. i, figs. 18-44; 1937 a, p. 100.

Female gametocyte ovoid or halter-shaped, not displacing
the nucleus of the infected red blood-corpuscle, stained deep
blue with Leishman’s stain ; nucleus small, spherical, compact,
and almost always situated near one pole of the gametocyte
at its convex border; pigment granules brown, scattered
all over the body, rarely confined to one pole. Male gameto-
cyte stained blue; nucleus usually central, polymorphic,

(44

Fig. 116.—Hamoproteus wenycni de Mello, de Sé, de Sousa, Dias,
& Noronha. A, female gametocyte ; B, male gametocyte ;
C, extra-corpuscular schizont. (After de Mello and others.)

A

being a compact chromatic granule or comma-shaped, linear
or doubled up, or pyriform, etc.; pigment yellowish-brown,
darker than in the female gametocyte, and nearly always
situated at both the poles.

Schizogony observed in smears from the liver and the lung,
but never in the peripheral blood. Schizonts small or of
medium size. ‘‘ Acton body >’ rounded, showing nuclear multi-
plication. Merozoites not seen.

Remarks.—The form of the gametocytes, and the occurrence
of schizogony in smears from the liver and the lung, make it
reasonably certain that the parasite is a Hamoproteus. The
so-called “Acton body ” is probably a detached endothelial
cell of the blood-vessel.

Habitat.—Blood and smears from the liver and the lung of
the tailor-bird, Orthotomus sutorius (Pennant): PORTUGURSE
InpIA, Nova Goa.
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167. Heomoproteus sp.
tH eemoproteus (?) sp., Scott, 1926, p. 237, Wenyon, 1926, p. 1365.
Hamoproteus (1) sp., Coatney, 1936, p. 90; de Mello, 1937 a,
p. 99.
Habitat.—Blood of the Sarus crane, Anfigone antigone Linn.,
from India, in the Zoological Gardens, London.

168. Heemoproteus sp.

tH amoproteus sp., Scott, 1926, p. 237 ; Wenyon, 1926, p. 1368.
Hamoproteus sp., Coatney, 1936, p. 91 ; de Mello, 1937 a, p. 99.
Habitat.—Blood of the Nicobar pigeon, Calenas nicobarica
Linn., from INDIA, in the Zoological Gardens, London.

169. Heemoproteus sp.
tHa@moproteus sp., Donovan (first recorded in Wenyon, 1926,
p. 1389).
Heaemoproteus sp., Coatney, 1936, p. 91 ; de Mello, 1937 a, p. 99.
Habitat.—Blood of the cuckoo, Centropus sinensis (Stephen) :
InpIA (locality not cited).

170. Hsemoproteus sp.

tHeamoproteus sp., Scott, 1926, p. 237 ; Wenyon, 1926, p. 1369.
Hamoproteus sp., Coatnoy, 1936, p. 91 ; de Mello, 1937 a, p. 99.
Habitat.—Blood of the golden-headed chloropsis, Chloropsis

aurifrons (Temm.), from INDIA, in the Zoological Gardens,
London.

171. Hemoproteus sp.

tHaemoproteus sp., Castellani & Willey, 1905, p. 385, pl. xxiv, fig. 4.
Hamoproteus sp., Wenyon, 1926, p. 1371.

Rare parasites of an elongate shape, with two or three
vacuoles, free in the plasma. Sometimes the free parasite
appears to be surrounded by a clear halo. Nucleus oval,
central.

Remarks.—The parasite appeared to be non-motile, but
showed a slight change of shape.

Habitat.—Blood of the common babbler, Turdoides striatus
striatus (Swainson) : CEYLON.

172. Heemoproteus sp.

tHamoproteus sp., Plimmer, 1916, p. 85.
Hamoproteus sp., Wenyon, 1926, p. 1371 ; Coatney, 1936, p. 93.

Habitat.—Blood of yellow-fronted barbet, Cyanops flavifrons
(Cuvier), from CEYLON, in the Zoological Gardens, London.
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173. Haemoproteus sp.

‘tHamoproteus sp., Plimmer, 1913, p. 148.
Hamoproteus sp., Wenyon, 1926, p. 1371 ; Coatney, 1936, p. 93.

Habitat—Blood of the wandering tree-pie, Dendrocitia

rufa vagabunda Latham, from INDIA, in the Zoological Gardens,
London.

174. Hamoproteus sp.

THeaemoproteus sp., Scott, 1926, p. 237 ; Wenyon, 1926, p. 1375.
Hzmoproteus sp., Coatney, 1936, p. 95 ; de Mello, 1937 a, p. 99.

Habitat.—Blood of Pallas’s fishing eagle, Haliagtus leucory-
phus Pallas, from INDIA, in the Zoological Gardens, London.

175. Hamoproteus sp.

tHemoproteus sp., Donovan (first recorded in Wenyon, 1926,
p. 1388).

Habitat.—Blood of Hemidactylus sp.: INpia (locality not
cited).

176. Hemoproteus (?) sp.
THeamoproteus (?) sp., Scott, 1926, p. 237; Wenyon, 1926, p. 1377,

Habitat.—Blood of the Ceylon loriquet, Coryllis beryllinus
(Forster), from CEYLON, in the Zoological Gardens, London.

177. Heemoproteus sp.
tHeamoproteus sp., Plimmer, 1913, p. 148 ; Knowles, 1928, p. 372.

Habitat.—Blood of the red-breasted parrakeet, Psittacula
alexandri fasciatus (Miiller), from INDIA, in the Zoological
Gardens, London ; also from parrots in the Alipore Zoological
Gardens : BENGAL, Calcutta.

178. Hemoproteus sp.
tHamoproteus sp., de Mello, 1935, p. 470 ; 1937 a, p. 100.

Female gamectocyte stained light prussian-blue with
Leishman’s stain; nucleus pale rose. Male gametocyte
stained light bluish-grey or colourless ; nucleus a little larger
than in the female; pigment coffee-coloured, in granules,
geldom in rods, scattered singly ot in clusters. Shows the peculi-
arity of almost completely hemolysing the infected cell.

Remarks.—Hazmoproteids have been previously recorded
from several species of Striz from different parts of the world,
and in view of the possibility that it might be specifically
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identical with one or the other of those parasites, de Mello
has not given a name to the form observed by him.

Habitat —Blood of Striz ocellata (Lesson): PORTUGUESE
INDIA, Pragana.

179. Heemoproteus sp.
t+Hzamoproteus sp., Knowles, 1928, p. 372.

Habitat.—Blood of water-fowls, buzzards, Java sparrows,
munias, hawks, parrakeets, and canaries in the Alipore
Zoological Gardens : BENcAL, Calcutta.

180. Heemoproteus (?) segithine de Mello.
tHawmoproteus agithinge, de Mello, 1935 b, p. 471 ; 1937 a, p. 100.

Female gametocyte stained light blue with Leishman’s
stain ; nucleus ovoid, central or subcentral; pigment in
minute granules, scattered over the body. Male gametocyte
colourless ; nucleus oval, subcentral or central ; pigment in
finc granules, dust-like, collected mostly at the poles. Red
cell hypertropbied, with its nucleus displaced.

Habitat.—Blood of Aigithina tiphia (Linn.) : PORTUGUESE
Tnp1a, Nagoa (Salcete).

181. Haemoproteus (?) anthi de Mcllo.
tHamoproteus anthi, de Mello, 1935 b, p. 474 ; 1937 a, p. 100.

Female gametocyte stained light blue, but not uniformly,
with Leishman’s stain; nucleus compact, central or sub-
central, staincd deep rose. Male gametocyte not stained ;
nucleus oval or triangular, central. Pigment in both kinds
of gametocytes brown, coffee-coloured, irregularly scattered,
seldom located at the poles. Infected red cell hypertrophied,
with its nucleus displaced.

Remarks.—De Mello thinks that the parasite is perhaps
similar to the unnamed Hamoproteus recorded from Anthus
trivialis by Galli Valerio (1902) in Europe, from 4. japonicus
by Ogawa (1911) in Japan, and from A. pratensis by Nieschulz
(1921, 1922) in Heligoland.

Habitat.—Blood of Anthus richardi rufulus Vieillot : PorTU-
GUESE INDIA, Nagoa (Salcete).

182. Heemoproteus (?) brame de Mello.

THmwr:i;:};éot)eua sp., Donovan (first recorded in Wenyon, 1926,
P. 6).
tHamoproteus brame, de Mello, 1935 b, pp. 4745 ; 1937 a, p. 100.
Female gametocyte halter-shaped, slender, more or less
irregular, somewhat constricted in the middle, rarely oval,
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cystoplasm homogeneous, stained blue with Leishman’s stain,
more deeply at the poles ; nucleus oval, central or subcentral,
stained pale rose ; pigment granules isolated or in clusters,
irregularly scattered. Male gametocyte halter-shaped, comma-
shaped, or oval; nucleus without definite outline, often
scarcely visible ; pigment granules fewer than in the female
gamctocyte, generally at the poles, but sometimes over the
whole body. Infected red cell unaltered or slightly hyper-
trophied, with its nucleus displaced.

Habitat.—Blood of Athene brama Temm.: INpia (locality
not cited) ; PorTUGUESE INDIA, Nagoa (Salcete).

183. Heemoproteus (?) centropi de Mello.
tHamoproteus centropi, do Mello, 1935 b, p. 471 ; 1937 a, p. 100.

Female gametocyte with alveolar cytoplasm, stained light
blue with Leishman’s stain; nucleus central, pale rose ;
pigment yellow-brown, in large or minute dust-like granules,
situated either at the poles or irregularly scattered over the
body. Male gametocyte colourless, or with a slightly pale
blue tinge in the periphery or at the poles ; nucleus central,
much larger than in the female gamctocyte, and containing
minute distinct chromatic dots or an irregular spirematic
thread ; pigment very irregularly distributed, but showing
atendency for a polarlocation. Infectedred cell hypertrophied,
with its nucleus displaced.

Remarks.—Donovan recorded an unnamed Haemoproteid
from Centropus sinensis from India, and unnamed Heemopro-
teids have also been recorded from two other species of the
same genus from other parts of the world.

Habitat.—Blood of Centropus sinensts parroti Stresemann :
PorrucuEse INp1a, Diu.

184. Heemoproteus (?) dicruri de Mello.
+Hseemoproteus dicruri, de Mello, 1935b, p. 473 ; 1937 a, p. 100.

Female gametocyte stained bluish with Leishman’s stain,
but not uniformly, the poles and the convex border remaining
unstained ; nucleus small, subcentral, stained pale rose;
pigment yellow-brown, in granules or rods, collected at the
poles. Male gametocyte ovoid, not stained ; nucleus rod-like,
subcentral, sometimes indistinct, stained pale rose ; pigment
in large granules, scattered or collected in, clusters at the
poles. Infected red cell hypertrophied, with its nucleus
displaced.

Habitat.—Blood of Dicrurus macrocercus macrocercus Vieil-
lot : PorTUGUESE INDIA, Pragana.
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185. Heemoproteus (?) elani de Mello.
tHaemoproteus elani, de Mello, 1935 b, p. 472 ; 1937 a, p. 100.

Female gametocyte stained 