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AUTHOR’S PREFACE.

- =000 0 0 —

A systemaTio study of the microscopic forms of life is of
comparatively recent data in India. Kreshwater, as well
as parasitic, Protozoa have been studied by a number of
workers in different parts of India, Burma, and Ceylon. This
volume deals with the Ciliophora, a group of animals which
has always been a favourite study with microscopists
on account of the complexity of their structure, the diversity
of their habitats, and the interesting movements exhibited
by them ; and the same general plan adopted in other volumes
of the series has been followed. A systematic survey is
likely to furnish a clear understanding of the group, and of the
mutual relationships between the parasitic organisms and
the free-living forms from which they must have been evolved ;
as remarked by Wenyon  the student of the Protozoa which
are pathogenic to man and domestic animals should have
a sound knowledge of other parasitic Protozoa, and at least
a good working knowledge of non-parasitic forms as well.
Conversely, those who study free-living Protozoa should
have a clear conception of the parasitic forms...”; and it is
hoped that this volume will thus be of interest to medical
and veterinary workers as well as to workers in general

Protozoology.

The most approved and up-to-date system of classification
has been followed, and in the Identification Tables of Families
I have included those families which are at present not known
Jrom India. Those who use this volume should bear in
mind that the 310 species here described are but a small
fraction of the total known from other parts of the world.
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All species that are as yet known from India, Burma,
and Ceylon have been brought together, but a large
number still await discovery. The freshwater forms par-
ticularly are cosmopolitan, and future workers who discover
forms different from those here described must not conclude
that such forms represent new genera or species till they
have carefully explored the vast literature on the subject,
to which the Bibliography given at the end -of the volume
will furnish a guide.

The species of each genus have been arranged in alpha-
betical order, except where a number of groups of allied species
have been recognized. In the synonymies, given under
each species, references to all the records from India, Burma,
and Ceylon have been included, and a 1 mark prefixed to
all such references. A selection of other references, which
are considered important or useful, is also given.

In the Introduction I have given lists of species found in
different regions, and in the case of parasitic forms in particular
hosts, in the hope that these may be of use to workers in
particular areas and to those looking for the parasites in
particular hosts. I have also included a short account of
‘the principal methods employed in the study of the Ciliophora
which may be of some use to those taking up the study of this
interesting group.

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. "Where
available, figures have been given for all species dealt with.
A small number of these are original or taken from my own
work, but a large number have been borrowed with the kind
permission of the authors or publishers concerned. My special
thanks are due to Prof. C. A. Kofoid and his eolleagues,
who have added so much to our knowledge of Indian Ento-
diniomorpha, for permission to reproduce certain figures
and for the loan of the blocks of the plates that appear at thé
end of this volume. My thanks are also due to the editors
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and publishers of journals and text-books from which illustra-
tions have been reproduced with their kind permission,
and for which due acknowledgement is made in every case
by giving the name of the author from whom the figure has
been copied, and also in several cases for the loan of blocks.

My special thanks are due to Dr. B. Prashad, Director of the
Zoological Burvey 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 ; and also to Dr. 8. L. Hora for his help in getting
some figures copied under his supervision by the artists
working under him. Finally, I have to offer my most grateful
thanks to the Editor, Lieut.-Colonel R. B. Seymour Sewell,
C.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.
Government College,
Hoshiarpur, Punjab,
June, 1936.






GLOSSBARY OF TECHNICAL TERMS.

Aboral.—Situated furthest away from the mouth.

Acetabuliform.—Having a cup- or sucker-shaped outline.

Adoral.—Conducting to the oral aperture.

A fferent.—Conveying from the surface towards the centre.

Amitotic division.—Direct division of the nucleus which is not
accompanied by the formation of a spindle of threads.

Anisogamy.—Copulation between dissimilar gametes.

Anus, or cytopyge.—Opening or pore for defmcation of undigested
remains of food.

Basal granules.—Kinetic elements embedded in the contractile zone of
the cortex, and each giving origin to a single cilium.

Biconcave area.—A. conspicuous biconcave area on each side of the
body in the postero-dorsal region of certain Entodiniomorpha.
Binary fission.—A mode of reproduction in which the division of the
nucleus or of each of the two differentiated nuclei is followed by

a division of the cell.

Boundary layer.—Thin membrane separating the endoplasm from the
ectoplasm. It is well marked in Entodiniomorpha, and is
continuous anteriorly with the wall of the gullet and posteriorly
with the wall of the rectum.

Brood chamber.—A. cavity developed inside the body of a Suctorian
within which ciliated embryos are produced.

Buccal.—Relating to the mouth or oral aperture.

Budding.—The process of unequal fission, resulting in the formation of
daughter organisms, which show a simplified structure when
first formed.

Campanulate.~—Having the shape of a bell.

Oarapace.—The indurated dorsal shield possessed by such ciliates as
Euplotes and Aspidisca.

Ohitinous.—Corresponding in nature with chitin or the horny material
which forms the protective covering of insects and other
Arthropoda.

Chlarophyll.—The green colouring-matter of vegetable organisms.
O#lia—The fine hair-like appendages that constitute the locomotive
organs of a large group of Infusoria and many other animals.
Oiliated embryos.—Buds provided with cilia 'which are developed in
& brood chamber in a Suctorian, and finally emerge through

& birth-pore.
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Cirri—The elongate, flattened modifications of ordinary cilia, developed
upon the peristomal region and other parts of the body of many
ciliates.

Commensal.—An organism which does not live at the expense of
the organism to which it is usually attached, but is associated
with it simply as a messmate.

Concrement vacuole.—A vacuole which is interpreted as possessing
a statolith function, found in certain types of parasitic ciliates.

Conjugation.—The temporary or permanent union of two organisms
leading to reproduction by germs or spores or to the renewal
of their capacity to multiply by simple fission.

Contractile vacuole.—One or more structures in the spongy layer of
the ectoplasm which fill up by the excretory fluid draining into them
and discharge the fluid on the surface of the body.

Convolute.—Rolled upon itself.

Cortical.—Relating to the external layer of an organism.
Crateriform.—Having the shape of a cup.

Crenulate.—Finely notched or serrated.

Cuirass.—An indurated defensive shield, synonymous with Carapace.

Cuticle.—The more indurated pellicle which forms the outer layer of the
body of Infusoria.

Cyclosis—The protoplasmic circulation observable in the cells of
certain plants, and also in many Protozoa.

Cyst.—Impervious membrane surrounding an organism, formed as
a protection against desiccation in free-living forms, or as an
adaptation to a change of hosts in parasitic forms. In some
cases cyst formation is related to the digestion of food, and in
others to reproductive processes.

Cytomicrosomes.—Minute granules situated in the films between the
alveoli in the ectoplasm as well as the endoplasm.

Cytopharynz.—Longer or shorter tube (popularly referred to as gullet)
leading from the cytostome, and ending blindly in the endoplasm.

Cytoplasm.—The protoplasm of the cell-body as contrasted with that
of the nucleus.

Cytopyge.—Anal aperture of unicellular animals.
Cytostome.—Oral aperture of unicellular animals.

Diastole.—Expansion of the contractile vacuole of Infusoria and other
Protozoa.

Dichotomous.—Branching into pairs; furcate or forked.
Decurrent.—Running out or projecting beyond.
Deaxtrogyrous.—Circling towards the right.
Dextrotropous.—Turning to the right.

Dorsal disk.—A rounded ectoplasmic projection lying in the semi-
circle bounded by dorsal membranelles.

Dorsal membranelles.—The membranelles forming the dorsal zone.

Dorsal zone.—A zone of membranelles arranged in a transverse furrow
on the dorsal surface of the body, found in certain Entodiniomorpha.

Ectoparasitic—Having the nature of an external parasite.

Ectoplasm.—The denser external substance of Infusoria and other
unicellular organisms.,
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Efferent.—Conveying from the centre towards the periphery.

Emarginate—Having a notched or excised margin.

Encwirassed.—Having an indurated dorsal shield or cuirass.

Enoystment.—The phenomenon of becoming motionless and excreting
a membranous investment or cyst, common to the majority of
the Infusorié.

Endogenous or internal budding.—Formation of buds in the interior of
the cytoplasm of the parent inside & brood-chamber.

Endomizris.—Periodic nuclear reorganization which occurs without
conjugation-or cell-fusion taking place.

Endoparasitio.~Having the nature of an internal parasite.

Endoplasm.—Ths inner, more fluid substance of the body of Infusoria
and other unicellular organisms.

Endoplasmic sack.—The boundary layer with the enclosed endoplasm.

Endoplast.—The nucleus as developed in the Infusoria and other
Protozoa.

Endoplastule—The more solid particles developed singly or in varying
number within, or in many cases external to, the endoplast of

Protozoa.

Bndoral.—Referring to the fringe of cilia developed between th$ adoral
and preoral series of certain Oxytrichide.

Everted.—The condition of being turned out or backwards.

Ezxcretory pore.—A small permanent opening in the cuticle through
which the contractile vacuole passes out its contents.

Ezogenous or external budding.—Formation of buds from the external
surface of the body.

Fibrillee.—The delicate, thread-like structures developed in the cortical
layer of many Infusoria, as also in the stalk of Vorticella, possessing
a rudimentary muscular function.

Fibrillar system.—The whole complex of structures which serve a corre-
lating and conductile function.

Fimbriated.—Fringed at the margin.

Fission.—Division of the nucleus or of both the differentiated nuclei
followed by a division of the body.

Food-vacuole.—A minute droplet of fluid in which a solid particle
ingested as food is suspended and gradually digested.

Funiculus—The slender, thread-like filament which connects the parts
of the macronucleus in such infusorial types as Loxodes and
Loxophyllum.

Bamete.—Sexual cell. Among the Protozoa the entire individual,
being a single cell, takes part in the process of conjugation.

@ibbous.—Unsymmetrically distended or swollen at some part of the
surface.

{labrous.—Having a smooth surface.

QGolgi apparatus.—A cytoplasmic inclusion which shows a tendency
to clump together in masses or to form a network in the neighbour-
hood of the nucleus.

Halophytic.—Organisms which feed in a plant:like manner and, with the
help of chlorophyll or similar pigment, in the presence of sunlight,
build up simple erganic substances from carbon dioxide and water.
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Holozoic.—Animals which are entirely dependent for food on other
organisms which they capture, devour, and digest.

Illoricate.—Devoid of a protective sheath or lorica.
Indurated.—Having a hardened consistence.
Infundibuliform.—Funnel-shaped.

Isogametes.—Gametes which are similar in shape and size.
Isogamy.—Copulation between similar gametes.

Karyogamy.—Sexual process or conjugation involving the union of
micronuclear products.

Lgvotropous.—Turning to the left.
Lorica—The organically distinct protective sheath excreted and
inhabited by many Infusoria such as Vaginicola and Tintinnus.

Loricate.—Possessing a protective sheath or lorica.

Macrochromatin.—In Protociliata, where the nuclei do not show di-
morphism, each nucleus contains two types of chromatin, the
macrochromatin being functional in vegetative life and the micro-
chromatin during sexual phases.

Macrochromosomes.—Band-shaped pieces into which the macrochro-
matin divides during mitosis of the nuclei in the Opalinids.

Macrogamiete.—In those cases in which there is marked difference in
size between two conjugating individuals, the larger is referred
to as macrogamete.

Macronucleus or meganucleus. The larger of the two nuclei into which
the nuclear apparatus is differentiated in Euciliata, which functions
during the vegetative life of the 6rganism.

Membranellee.—The relatively large flattened cilia that constitute the
peristomial fringe in many Ciliate Infusoria, synonymous with
Cirre.

Membranelle rootlets.—Short fibrils extending posteriorly from the bases
of the membranelle.

Membranulze.—Very long, delicate, finely pointed aggregates of cilia
which differ from cirri in movement and in composition. They are,
for example, found in Didinium.

Metabolic.—Changeable in form ; polymorphic.

Metamorphic.—Changeable in form.

Microchromatin.—In Protociliata the nuclei do not show dimorphism,
but each nucleus contains two types of chromatin, that which
is functional in sexual phases being called microchromatin.

Microchromosomes.—Parts into which the microchromatin divides
during mitosis of the nuclei in the Opalinids.

Microgamete.—The smaller of the two gametes in anisogamous conjuga-
tion.

Micronucleus.—The smaller of the two nuclei into which the nuclear

apparatus is differentiated in Euciliata, which functions during
the reproductive phases.

Mocrozooids.—Free-swimming zooids of abnormally minute size, which
conjugate with the normal-sized sedentary animalcules of many
Vorticellidee.
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Mitochondria.—Minute cytoplasmic inclusions of a lipoidal nature
ocourring in the form of spherical granules or rod-shaped or cres-
centic bodies.

Mitotic.—Indirect division of the nucleus which is accompanied by the
formation of a spindle of threads.

Mondliform.—Jointed so as to resemble a string of beads.

Morphonemes.—Those fibres which maintain the body form.

Maotorium.—A. mass of differentiated protoplasm from which a number
of fibres pass to different regions of contractile activity.

Multinucleate.—Possessing many nuclei, e. g. Opalina.

Multiple fission.—A. mode of reproduction in which the division of the
nucleus or of the two differentiated nuclei is not immediately
followed by the division of the cell, but, after repeated nuclear
division, the cell divides into as many parts as there are nuclei.

Myonemes.—Specialized muscle-like fibrils which cause the ¢ontraction
of the whole or a part of the body. In a genetalized ¢ondition
they may be both coordinating and contractile in function

Myophan.—Layer, developed in many Infusoria, that contains muscle-
like fibrils.

Mpyophanes,—Specialized fibrils which perform a contractile function
only.

Napiform.—Turnip-shaped.

Neuromotor system.—A system of connected fibrils emanating from
the motorium and passing to different regions of cortractile activity.

Neuromotorium.—A mass of differentiated material connected with
the motor strand and othér fibrés performing conductile and
contractile functions.

Neurophanes—Specialized fibrils which perform a conducting function
onlys

Nuclear dimorphism.—The differentiation of the nuclear apparatus
into a vegetative macronucleus and a reproductive micronucleus.

Nucleolus.—An exceedingly minute, more solid particle developed singly
or in varying number within the substance of the nucleus of an
animal or vegetable cell. Its homologue among the Protozoa
is generally referred to as Endoplastule or Karysome.

Nucleus.—More densely granular body within the substance of most
animal and vegetable cells. In Euciliata the nuclear apparatus

is differentiated into a larger macronucleus and a smaller micro-
nucleus.

@ sophageal.—Relating to or connected with the cesophagus.

@ sophageal fibrils.—Thin, closely spaced fibrils forming the wall of the
cesophagus and running parallel to its long axis.

(B sophagus.—A distinct tubular gullet or cesophageal tube leading from
the cytostome to the endoplasm.

Dperculum.—The lid-like structure developed within the sheath or
lorica, or attached to the body of certain Vorticellide. The
term is also used for the ectoplasmic elevation separating the
two membranelle zones in certain Entodiniomorpha.

Oral.—Relating to the mouth.

Oral disk.—The greatly thickened inner end of the adoral lip in Ento-
diniomorpha.
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Oral trichites.—Armature of trichites or elongated rods of denser pro-
toplasm embedded in the walls of the cytostome and the cyto-

pharynx.

Parasite.—An organism living in or upon the body of another organism
and dependent for its existence on that particular organism or

a limited group of organisms.
Paroral.—The fringe of cilia developed at the side of the adoral series in
certain Oxytrichidee.
Pectinate.—Divided into narrow segments like the teeth of a comb.
Pedicle.—Lateral branches of the stalk in colonial Vorticellid forms.

Pedunculate.—Provided with a stalk or peduncle.

Pellicle, or periplast.—The outermost layer of the cortex or ectoplasm,
which is characterized by definite markings or sculpturings in
many Ciliata.

Peristome.—The region, with its accompanying cilia, leading to the
cytostorme.

Peristomial.—Relating to the peristome.

Pharyngeal.—Pertaining to or connected with the cytopharynx.

Pharyngeal basket, or pharyngeal armature.—Trichites forming a tubular
armature in the wall of the cytopharynx.

Plicate—Disposed in pleats or folds.

Polymorphic.—Exhibiting a diversity of form.

Preoral zone.—The fringe of cilia developed in front of the mouth of
certain Oxytrichide.

Protoplasm.—The physical basis of life, or elementary formative matter
of all living organisms.

Protozoa.—Animals in which the body is not divided into cells.

Racemose.—Having a clustered form of growth, like a bunch of grapes.

Rectum.—A thin-walled tube arising ventrally from the endoplasmic
sack, extending posteriorly through the ectoplasm and opening
to the exterior by the anus.

Reniform.—Shaped like a kidney.

Revolute.—Rolled back upon itself.

Rhizoplasts.—Fine endoplasmic prolongations from the basal bodies
of membranule to the vicinity of the nucleus.

Rhythmical.—Denoting the regular pulsations of an organ such as the
contractile vacuole of a Ciliate.

Rod apparatus.—An armature of elongated rods or trichites embedded
in the walls of the cytostome and the cytopharynx.

Saprozoic.—Organisms living upon organic substances in solution,
which are products of the metabolism or decay of other organisms.

Setze.—The stouter, bristle-like cilia possessed more abundantly by the
Hypotricha.

Sigmoidal.—Having a shape resembling the letter S.

Silicec}uég.——Partaking of the nature and qualities of silica; composed
of flint.

Silver-line system.—Collection of certain structures on which colloidal
silver is deposited by the reduction of silver nitrate by reflected
sunlight.
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Skeletal plates.—Hard, chitinous structures I;ing beneath the cuticle
and extending backwards from the oral a-ea in certain genera in
the family Ophryoscolecide.

“ Soie de Lachmann.””—Oral seta of the Vorticellide; also known as
the Vestibular seta.

Spasmoneme.—The excentrically placed myoneme running through
the stalk of a Vorticellid, which is surrounded by a granular theco-
plasm and a delicate outer sheath.

Spatulate.—Having a broad blade-shaped outline.
Spine.—A pointed tapering process.

Sporulation, or mzfltiple fission.—Mode of reproduction in which the
repeated division of the nucleus is followed by the splitting of the
organism into as many parts as the nuclei.

Stolon.—The procumbent adherent basal region of the colony-stock: of
such a type as Dendrosoma.

Suctorial tentacles.—Stiff protoplasmic processes consisting of a parietal
layer of ectoplasm in the form of a tube enclosing a canal containing
a fluid, the apex of the tentacle usually terminating in a sucker-like
knob.

Syngamy.—Sexual union or conjugatiort involving either a complete
fusion of two organisms (gametes) or the temporary fusion of two
organisms (conjugants) for the purpose of mutual exchange of
micronuclear material.

Synkaryon.—The combination nucleus which results from the fusion
of two micronuclear products derived from two individuals. '

Systole.—Contraction of the contractile vacuoles.

T'entaculiferous.—Bearing or possessing tentacles.
Tentaculiform.—Having the form of a tentacle.

Thecoplasm.—The granular, fluid .gubstance which surrounds the
spasmoneme in the stalk of a Vorticellid.

Thecoplasmic granules—Small granulés contained in the thecoplasm
alongside the spasmoneme, the number and arrangement of which
vary in different species.

Trichites.—Stiff rod-like supporting structures usually found in the oral
region.

Trichocysts.—Minute rod-like bodies developed in the cortical layer of
many Ciliata, and composed of a sac within which is a long coiled-up
thread that can be suddenly extruded.

Uncini.—The claw-like modification of ordinary cilia possessed by
many Hypotricha.

Undulating membrane.—Aggregates of cilia formed by the fusion of
one or more rows of cilia, ranging from delicate structures to
large balloon-like expansions, usually found in the peristomial
area inside the adoral zone.

Vacuolate.—Having a number of clear spaces or vacuoles.

Velum.—Delicate veil-like membrane bordering the oral orifice in such
forms as Cyclidium and Pleuronema.

Vermicular.—Resembling a worm in shape.

Vestibular seta.—The bristle-like cilium or seta that projects from the
vestibulum or oral fossa of many Vorticellidee.
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Vestibule.—The excavated chamber or fossa into which both the oral
and anal apertures debouch, as developed in the Vorticellide.

Zoodendrium.—Dendritic or tree-like colony-stocks of such ciliates as
Dendromonas and Epistylis.

Zooid.—An animal organism not independently developed from a
fertilized egg or ovum, but derived from a preceding individual
by the process of fission or gemmation. Specially applicable
to the Ciliophora and other Protozoa, and to the component
members of all colony-building communities, such as Polypes,
Corals, and Polyzoa.

Zygote.—The cell resulting from the complete fusion of two gametes.

SYMBOLS.

T prefixed to a reference indicates that the record of certain species from
India, Burma or Ceylon is based on this work.

* placed after the name of a family indicates that representatives of
that family have not yet been found in India, Burma or Ceylon.
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CILIOPHORA.

INTRODUCTION.

Position of Ciliophora in the Animal Kingdom.

ProTozoA are generally defined as unicellular animals. All
the functions of animal life are performed by a small undivided
mass of protoplasm. The body of the organism, unlike the
body of a higher animal, is not differentiated into organs
consisting of tissues or cell-aggregates set apart for the
performance of different functions. Although a Protozoon,
when seen under a microscope, is comparable in its structure
with a single cell of a Metazoan body, it cannot be regarded as
strictly homologous with it. Some authors consequently prefer
to regard ProT0ozOA as non-cellular—that is, representing a
primitive type of body in which the cellular type of structure
had not been evolved. Although many of these organisms
present a fairly simple structure, the majority of them exhibit
a complexity of structure to which there is no parallel among
the cells forming the body of a higher animal. The reason
is obvious. The various parts of the cell-body of a Protozoon
are differentiated into structures for the performance of
different functions of animal life, such as locomotion, food
capture, sensation, reproduction, etc., but all this is within
the limits of a single mass of protoplasm. Hence the organiza-
tion of the ProTozoa is actually by no means simple. It is
not the object of this work to give a comprehensive account
of the organization and structure of the ProTozoa : for this
the rcader should refer to the numerous excellent text-books
on the subject.

The ProTozoa are microscopic organisms, and have been
favourite objects of study under the microscope ever since the
latter was invented. Leeuwenhoek, the father of Proto-
zoology, first described (1677) a free-living Protozoan, a species
of Vorticellu, which he had seen in standing rain-water in
1675. He was also the first to publish an account of a parasitic
Protozoan (1682), which he found in his own faeces, and which
was the flagellate Lamblia (Giardia) intestinalis. In 1683
he found Opalina in the feeces of a frog, and possibly Nyctotherus
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also. In 1703 he figured both Vorticella and Carchesium.
Paramecium was discovered in 1703 and Amaeba in 1755.
Ledermiiller, in 1763, was the first to introduce the popular
term INFUSORIA, to include all the various microscopic
animalcules which make their appearance in infusions exposed
to the air. The first comprehensive work on INFUSORIA was
the monograph by O. F. Miiller, published posthumously
in 1786, and ‘ included, besides the Protozoa, Bacteria,
Diatoms, Vinegar Worms, Planarian worms, Cercaria larve,
Rotifers and other odds and ends of animals, provided that
they were sufficiently small.”” Miiller described 378 species
in his monograph, of which about 150 are valid. The term
ProT0z0A was first used by Goldfuss in 1817, but he included
in the group the PoLyPEs and MEDUs& also. It was first
restricted and employed in the modern sense by von Siebold
in 1845. Ehrenberg published a large work in 1838 in which
350 species are described from his own observations. About
one-third of this work was devoted to Rotifers. Dujardin
(1841) was the first to divide the *“ Infusoires *’ into rhizopods,
flagellates, and ciliates, according as pseudopodia, flagella,
or cilia serve as their organs of locomotion. This division
is still the basis of all the schemes of classification of the
ProTozoa. Biitschli (1889) limited the use of INFUSORIA
to ProToz0A that bear cilia at some period of their life-history.
As these latter came to be regarded as constituting two classes,
viz., the CiriaTa, with cilia throughout life, and SucToRria,
with cilia in the embryonic phases only, Doflein (1901)
introduced the term CiLiorHORA to designate a sub-phyllum
to include these two classes.

Besides the classes enumerated above, therc is the class
SPOR0ZO0A, including organisms which are exclusively para-
sitic and which possess no special organs of locomotion and
food capture. The earliest observations on a Coccidian and
a Gregarine were published in 1839. The H&EMOsPORIDIA

were discovered as late as the eighties of the last century.
The phylum PROTOZOA may thus be divided as follows :—

A. Subphylum Prasmoproma Doflein, 1901.
Movement is effected by pseudopodia or flagella, and syngamy
takes place in all known cases by the complete fusion of gametes.

I. Class MasticorHORA Diesing, 1865.
The predominating phase is flagellate, locomnotion being effected
by filamentous whip-like structures called flagella. The body

may be corticate or non-corticate.

1I. Class Ruizoropa von Siebold, 1845 (=Sanrcobina Hertwig &
Lesser, 1874).
The predominating phase is ameeboid, locomotion being effected
by temporary extensions of the body called pseudopodia.
The body is non-corticate, 7. e., has no tough limiting mem.-
brane or cuticle.
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III. Class Sporozoa Leuckart, 1879.
Exclusively parasitic forms which lack definite organs of loco-
motion. Reproduction takes place by spore-formation.

B. Subphylum CrLiorEORA Doflein, 1901.
Movement is effected by cilia.

TIV. Class CiLIATA Perty, 1852.
Organisms bear cilia throughout life.

1. Subclass ProTOCILIATA Metcalf, 1918.
Organisms provided with two or more nuclei, which are all
of one type. Syngamy is effected by the complete fusion
of uninucleated stages.

TI. Subclass EvommiaTa Metcalf, 1918.

Organisms show a definite nuclear dimorphism, there being
two types of nuclei (macronuclei and micronuclei). During
syngamy the macronuclei disintegrate, the micronuclei
divide, and an interchange of micronuclear products takes
place between the associating individuals, new macronuclei
and micronuclei being reconstituted from the combination
nucleus or synkaryon.

V. Class SucTtoriA Claparéde & Lachmann, 1858 (=TENTACULIFERA
Huxley, ACINETARIA Lankester).
Ciliated in the young stages, but later usually attach them-
selves to other objects, lose their cilia, and develop knobbed
tentacles which serve as sucking-tubes.

General Organization and Structure.

The present volume deals only with the subphylum
CrLiopHORA, and I give below a brief survey of the general
organization and structure of the organisms included in this
group, so a8 to afford 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—The great majority of CILIOPHORA are
free-living aquatic forms, either marine or freshwater. Some
groups of the CmmiaTa and practically all SucTORIA are
attached. They may be attached temporarily or permanently
to some object, which may be the body of some other animal.
A considerable number of forms are parasitic and show
various degrees of dependence on the host.

Form.—The free-swimming Ciliates show a great variety of
forms. The primitive type may be considered to be a spherical
or ovoid organism, with the mouth or cytostome at the anterior
end and the contractile vacuole near the posterior end. Cilia
of equal length clothe the whole body evenly, being disposed
in meridional rows extending from the anterior to the posterior
pole. Such an ideally simple type is actually met with among
species of Holophrya and Prorodon (see figs. 22, 25). Modi-
fications from this type occur as the result of (1) shifting
of the cytostome from the anterior pole to one side of the
body and a consequent oblique arrangement of the ciliary
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rows ; (2) differentiation of the cilia into those covering the
general surface of the body, which are locomotor in function,
and special cilia near or around the mouth, which are variously
modified for the purpose of food capture; (3) development
of a special area, called peristome, leading to the cytostome ;
(4) the flattening of the body in creeping forms, in which
a ventral surface, bearing cytostome and peristome, is dis-
tinguishable from the dorsal surface; and (5) restriction
of the locomotor cilia to the ventral surface, and the complete
or partial disappearance of those on the dorsal surface or
their retention to serve a purely tactile function. This last
and extreme modification is realized in such flattened and
creeping hypotrichous forms as Stylonichia and Aspidisca
(figs. 180, 184), in which the ventral cilia are restricted to tufts
which fuse to form cirri or bristles on which the animal creeps.

Organisms may be temporarily or permanently attached.
For this purpose there are developed special cilia or adhesive
organs, or the surface of the body on the side opposite to
the mouth (aboral) may be specially drawn out for the purpose
into a stalk. In Vorticella and other related organisms
the stalk contains a contractile thread, by mesns of which the
organism can retract itself close to the point of attachment
or extend itself further away from it. In this group the
general covering of cilia disappears and only peristorial
cilia are retained. Such organisms may, however, detach
themselves from their stalks, develop temporary cilia for
locomotion, swim off, and attach themselves again elsewhere.

Structure.—The protoplasm forming the body of a Ciliate is
differentiated into two layers, ectoplasm and endoplasm. The
ectoplasm consists of four or five layers, viz. (a) a thin delicate
membrane called the pellicle; (b) alveolar layer; (c) protoplasmic
layer containing small spindle-shaped bodies known as the
trichocysts ; (d) contractile layer, containing myonemes which
run beneath and parallel to the ciliary rows at the surface ;
and (e) spongy layer, traversed by irregular spaces and channels
containing fluid which drains into more conspicuous feeder-
canals which open into a contractile vacuole. These layers or
zones cannot be clearly distinguished in all cases as they
grade into one another, and some of them are better developed
in some organisms than in others. The cytostome or mouth,
the cytopyge or anal aperture and the openings of the contractile
vacuoles all perforate the pellicle, and the cilia also pass
through it.

The cilia arise from basal granules placed externally to
or between the myonemes, and pass to the exterior through
the outer layers. The cilia may be restricted to certain
regions (as in Didintum nasutum, Urocentrum turbo, etc.,
figs. 31, 89), or may by their fusion form locomotor organs
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of a complex nature, such as undulating membranes, membran-
elles, cirri and membranule. Undulating membranes are
usually formed by the adhesion or fusion of a single row of
cilia, and may occur in the cytopharynx, margin of the cyto-
stome, or in the peristome ; they are represented in all orders
of the CiriaTa. They are usually narrow and inconspicuous,
but in some genera (e. g., Cyclidium, Pleuronema, figs. 85, 86)
form large balloon-like expansions used for trapping the
food. Membranelles are formed by the fusion of the cilia
in the region of the mouth. They are grouped as a rule
in a curved row, the ‘“ adoral zone,” along the margin of the
peristome in all orders ot the CiriaTa except the HoLoTRICHA
(fig. 117). A dorsal ring of membranelles is also present
in some parasitic forms, e. g., Diplodinium (fig. 158). In the
Vorticellide (fig. 187) there are two rows of membranelles,
forming a double adoral zone that winds about the peri-
stome in a direction opposite to that in SpIRoTRICHA (Which
includes HETEROTRICHA, HYPOTRICHA, etc.). Cirri are formed
by the fusion of tufts of cilia, and are broader at the base
and taper to a fine point. They are found typically on the
ventral surfacee of HypoTrIiCHA, and form groups named,
according to their position, frontal, ventral, anal, caudal
and marginal cirri. These cirri confer extreme variety of
movements on the HypoTrRicHA. Some of them run on the
tips of the frontal and ventral cirri (Stylonichia), others swim
with a jerky movement (4spidisca), while yet others combine
swimming by means of the adoral zone of membranelles with
sudden jumps effected by anal or caudal cirri (Euplotes).
In a few cases dorsal cirri also occur and serve a tactile function
(Uronychia). Membranule are long, delicate, finely pointed
structures, each formed by the fusion of a small number of
cilia, as in the case of the two circlets of Didintum or the
posterior ciliary ring of Vorticellids.

A striking feature of many Ciliates is their power of contrac-
tion. A Spirostomum or a Trachelocerca will suddenly
contract to a fraction of its length in the expanded state.
A Folliculina or a Vorticella will fold itself up, and an entire
colony of Vorticellids may contract itself into a small mass.
These movements are brought about by long, delicate, con-
tractile threads, called myonemes, which may run straight
(Stentor) or spirally (Spirostomum) throughout the entire
length of the body. A second set of myonemes may run
transversely about the body, as in the peristomial region
of the Vorticellids or Stentor.

In Ciliates with a uniform covering of cilia the latter do not
all beat simultaneously, but a wave of contraction passes
from the anterior to the posterior end. Cilia in the same
transverse row beat’ synchronously, but those in a longitudinal
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row beat in a regular succession and are metachronous in
their contraction. This also accounts for the wave-like
movement of undulating membranes which are formed by
the fusion of longitudinal rows of cilia. Distinct fibres
connecting the basal granules of cilia were described by
Entz, Maier, Schuberg and others, but were mterpreted' as
myonemes. As, however, the rhythmic action of' the .Clll'a,
is independent of the contractility of the organism, it is
probable that such fibres are not myonemes but co-ordinating
fibres of a conductile nature. Sharp, Yocom, and Taylor
have given convincing evidence of the occurrence of specific
conducting or co-ordinating system of fibrils. Sharp (1914)
was the first to describe in Epidinium ecaudatum (fig. 164)
a mewromotor system of fibrils connecting the basal fibrils
coming from the cilia or groups of cilia with a co-ordinating
centre called the motorium. The motorium is situated in
the ectoplasm near the anterior end of the organism, and
a number of fibres pass to different regions of activity. Yocom
(1918) described a similar but more complex system in
Euplotes patella. A definitely staining bilobed mass situated
in the ectoplasm near the right anterior angle of the triangular
peristome was identified as a motorium (fig. 183, m). From
one of its lobes a set of five longitudinal fibrils (a—c) run to
the bases of the five anal cirri near the posterior end, and from
the other lobe a single fibril passes along the inner margin of
the anterior lip and down the left side of the peristome
connecting the bases of the adoral zone of membranelles
(m.f.). Taylor (1920), as the result of micro-dissection experi-
ments with the same form, furnished direct evidence of the
part played by the neuromotor apparatus. Macdonald (1922)
described a similar system in Balantidium coli and B. suis,
and since that date several other workers have demonstrated
the neuromotor apparatus in other forms.

Klein (1926) introduced a modification of a silver impregna-
tion method, by which the organisms are fixed by drying, and
the reduction of silver nitrate by reflected sunlight deposits
colloidal silver on certain structures, which are referred to
collectively as the  silver-line system.” This system is
composed of two rather distinct parts. One of these, described
as ‘‘indirectly connected ’ with the contractile system, is
composed largely of closely set polygons and the trichocyst
granules which lie in the centres of the anterior and posterior
sides of the polygons. The other portion consists chiefly
of the basal granules, which are located at or near the centres
of the polygons of the first part, and the longitudinal body
fibrils, which connect the basal granules in the same longitudinal
row of polygons. Lund (1933) has correlated the ‘ silver-line ”’
system with the ° neuromotor ”’ systemg and comes to the



INTRODUCTION., 7

conclusion that the  silver-line ” system is not solely composed
of conductile elements, but comprises parts of at least two,
and possibly three, quite different aggregations of structures,
namely, the pellicle, the trichocysts, and the peripheral
portion of the neuromotor system. Klein’s technique fails
to demonstrate the great pharyngeal complex, which is at
least in part conductile. The term * fibrillar system ~’ may
be employed to include the whole complex of structures
which serve a correlating and conductile function.

Embedded in the ectoplasm are small spindle-shaped
bodies known as trickocysts, each of which on being stimulated
can discharge a long stiff thread. They may be distributed
all over the surface (Paramecium, fig. 63) or be confined to
certain regions (proboscis of Dileptus, fig. 45). Oral trichites
are similar structures surrounding the mouth in various
(GGYyMNOSTOMATA, and may form a tube extending into the
endoplasm (as in some species of Nassula, Orthodon etc.).
In other cases much larger rods are met with, and form
pharyngeal baskets (as in the families Nassulidee and Chlamy-
dodontide). A constant number of rods may be found
in a species, and they may be united to form a tube at the
posterior end of the basket (fig. 56).

The number and arrangement of the contractile vacuoles
varies considerably. In Paramecium there are two contractile
vacuoles, each surrounded by six to eight feeder-canals in
a star-like manner. In Stentor and Spirostomum there is a
single contractile vacuole, with a long feeder-canal running
along the length of the body.

A mouth or cytostome is normally present (except in
ProrociLiaTa, AsToMATA and Svucroria). In Gymwo-
STOMATA the cytostome is closed except during the ingestion
of solid food ; it is opened or closed by a system of rods
contained in the cytopharynx, and there is no undulating
membrane. In all other CiriaTa which possess a cytostome
it is permanently open, and the cytopharynx may possess
one or more undulating membranes, but no rod-apparatus.
Frequently there is a funnel-like structure called the peristome
for collecting the food and conveying it to the cytostome.
Cilia on the floor of the peristome are often longer than over
the rest of the body. In SpiroTRICHA an adoral zone of
membranelles is always present along the left margin of the
peristome. In the PERITRICHA the adoral zone consists of
two parallel undulating membranes, which, after describing
a number of spiral turns, pass into a funnel-shaped depression
or vestibule, at the bottom of which the cytostome, followed
by a short cytopharynx, is situated. The contractile vacuole
and the anus also open into the vestibule. In SucToRIA there
is no cytostome, but food is taken in by the numerous sucking
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tentacles, the protoplasm of the body of the prey passing in
a stream through the tubular cavity of the tentacle. The
majority of CILIOPHORA are holozoic, but some of the pasagitie
forms may be saprozoic (Opalina). )

The endoplasm is finely alveolar and more fluid than the
ectoplasm, and exhibits a streaming movement (cyclosis).
The endoplasm contains food-vacuoles enclosing food-particles
in process of digestion, the nuclei, and other refringent granules,
some of which may be excretory granules, others mitochondria,
and still others belonging to the Golgi apparatus.

The nuclear apparatus in most CiL1oPHORA shows dimorphism
—there being a large, deeply staining macronucleus and
a small, often inconspicuous, micronucleus which is difficult
to stain. In PROTOCILIATA there are two or more similar
nuclei, but in each nucleus there are believed to be two kinds
of chromatin, distinguished as macrochromatin and micro-
chromatin. The former is functional during vegetative
life and the latter during the reproductive phases. Among
the EvcILiATA the macronucleus is typically a compact body,
and the micronucleus a small refringent body close to it or -
actually lodged in a depression of the surface of the macro-
nucleus. In other forms the macronucleus may be rod-
shaped or sausage-shaped (Diplodinium), or in the form of
a horseshoe (Vorticella) or a beaded string (Stentor and
Spirostomum), or there may be two macronuclei connected
by a delicate filament (Stylonichia), or the macronucleus
may be broken up into a large number of small nuclei. The
macronucleus in some of the SuctoriA (Dendrosoma, Ephelota,
ete.) is much branched. The micronucleus does not vary
much in form, but the number of micronuclei may be one,
two, or many in different species.

Reproduction.—Macronuclei are vegetative in function and
control the general metabolism : during reproduction they
disappear by absorption and fresh macronuclei arise from
products of micronuclear division. The micronucleus is
reproductive in function and plays an important part during
conjugation, as also in periodical reorganization without
conjugation, known as endomixis.

Reproduction takes place by binary fission which is generally
transverse to the long axis of the body. During this process
the macronucleus divides amitotically and the micronucleus
mitotically. The nuclear division is followed by transverse
fission of the organism, and the parts lacking in each daughter
organism are reconstituted. In fixed forms, as in Vorticel-
lidee, the fission is generally in a vertical plane and leads
to unequal fission or budding. Repeated fission accompanied
by imperfect separation of daughter zooids leads to the forma-
tion of large branching colonies in many PEfITRICHA. Multiple
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fission or sporulation also occurs inside temporary cysts in
some parasitic forms. In SUCTORIA either external or internal
budding takes place. In internal budding a certain part of
the organism becomes invaginated, the margins close over,
and a brood-chamber is formed, inside which the ciliated
embryos are developed.

The details of conjugation or syngamy also vary a good
deal in the group. Among the ProTocmiaTa ordinary
. individuals divide repeatedly, and thus give rise to a number
of small-sized forms with one, two or more nuclei; these
then encyst and pass out with the faces of the host. These
cysts are ingested by tadpoles and the organisms are set
free in their rectum. The organisms multiply and give
rise to larger and smaller individuals (gametes) which fuse in
pairs to form a zygote. Kach resulting zygote has at first
a single nucleus, and later gives rise to the binucleated or
multinucleated condition characteristic of the species. In
most of the EuciniaTa temporary fusion takes place between
similar zooids, the macronucleus degenerates and disappears
in each conjugant, and the micronucleus in each divides two
or three times. Only one of the resulting products of micro-
nuclear division takes further part in the process, the others
being absorbed. This remaining micronucleus again divides
into two pronuclei, one migratory and the other stationary.
The migratory pronucleus of each passes into the body of the
other conjugant and fuses with its stationary pronucleus,
forming a synkaryon in each. The conjugants now separate,
the synkaryon in each divides a number of times, resulting
in the formation of new macronuclei and micronuclei, and
each ex-conjugant divides into a number of zooids, each
zooid containing a single macronucleus and one or more
micronuclei according to the species. In the majority of the
PrriTricHA sexual dimorphism is the rule, and a small
zooid fuses permanently with a large zooid, and only a single
zygote with one synkaryon results.

A periodic nuclear reorganization also takes place apart
from conjugation, and was described by Erdmann and Woodruff
(1914) in Paramecium aurelia and by the same authors
(1917) in P. caudatum under the name endomixis. In the
former species it takes place at intervals of about thirty days;
the old macronucleus breaks up and is absorbed, and each
of the two micronuclei divides twice, forming eight products,
some of which become new macronuclei and some new micro-
nuclei. In the latter it occurs at intervals of sixty days;
the single micronucleus divides three times, forming eight
nuclei, some of which degenerate while others form new
macronuclei or micronuclei. In some other types of Ciliates
endomixis is known té take place while the organism is pro-
tected by a cyst.
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Study of the Group in India.

Very little work had been done on the Ciliate PROTOZOA
in India during the last century. Up to the year 1889, the
year of publication of Biitschli’s great work on PROTOZOA,
practically the only record of freshwater forms was the
work of H. J. Carter, who studied these forms in Bombay
towards the middle of the last century, and contributed
a number of papers on the organization of freshwater
InFusoria of the island of Bombay to the ‘Annals & Magazine
of Natural History ’ (1856-69). The following is a list of
Ciliates found by him in Bombay; a number of forms,
described as new species by Saville Kent (1880-82) from
manuscript notes that Carter placed at his disposal have
also been included in the list :—

Holophrya lateralis S. K.
Coleps hirtus (O. F. Mull.).
Halteria pulex=Mesodinium pulex Cl. & L.
Trachelium fasciola= Amphileptus fasciola= Lionotus fasciola Ehrbg.
Nassula sp.
Loxodes cucullulus=Chilodon cucullulus Ehrbg. (O. F. Miill.).
Ophryoglena sp.=O0tostoma carteri S. K.
Loxodes cucullio=? Colpoda cucullus (O. F. Miill.).
Paramaecium aurelia Ehrbg. (0. F. Miill.).
Plagiopyla (?) carter: S. K.
Spirostoma virens (1) Ehrbg.= Climacostomum virens Ehrbg.
Bursaria leucas (?) Ehrbg.= Frontonia leucas Ehrbg.
Stentor sp.
Ozytricha sp.
Himantophorus charon= Plesoconia ?=Euplotes charon O. F. Miill.
Euplotes sp.
Vorticella microstoma Ehrbg.
’s convallaria Ehrbg.

’” sp.
Epistylis galea (1) Ehrbg.
Cothurnia sp.=Pyzxicola carteri S. K.
Spharophrya sp. Cl. & L.
Podophrya fixa Ehrbg.

’ quadripartita=Tokophrya quadripartita Cl. & L.
Acineta tuberosa Ehrbg.

G. W Grant had previously (1842) found in Calcutta six
species of freshwater ProTozoa, of which only two were
Ciliates, viz., Coleps hirtus Ehrbg. and Vorticella patellina
O. F Miill. These are recorded in Cantor’s work on Chinese
forms. In 1862 J Mitchell contributed a short note on the
existence of a valve in a form very similar to Vaginicola crystal-
line from Bangalore. W J. Simmons (1889) contributed
a note on a species of Podophrya found in Calcutta, and (1891)
noted the occurrence of several genera at Calcutta without
specific identification of the forms. H. H. Anderson (1889)

described Anoplophrya zlosomata from &losoma chlorostictum
in Calcutta.
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Scanty as the above recorded work is for a large country
like India, it is thus referred to in Schewiakoff’s monograph
on the geographical distribution of freshwater ProTozoA
(1893, p. 84): Bedeutend besser erforscht ist die Proto-
zoenfauna Ostindiens, obgleich die vorliegenden Befunde
weit davon entfernt sind, eine methodische Durchforschung der
Susswasser Protozoen diese landes darzubieten. Es wurden
nur wenige Orte, Bombay, Calcutta und einige Seen in Himalaya,
~ von Carter, Grant und Simmon untersucht. Am eingehendsten
erforscht Carter die siissen Gewasser von Bombay und fand
daselbst 43 verschiedene Formen, darunter 12 Rhizopoden,
3 Heliozoén, 15 Mastigophoren, 10 * Ciliaten und 3 * Acineten,
die sammtlich auch in Europa anzutreffen sind. Nur wenige
von diesen Formen lassen sich nicht ermitteln. In den
Seen vom Himalaya fand Carter zwei Dinoflagellaten, darunter
eine angeblich neue Art, die aber mit einer europiischen zu
identificiren wire. Bei Calcutta fand G. W. Grant 6, gleich-
falls in Europa vorkommende, Protozoén welche in der
Arbeit Cantor’s beschrieben werden. Endlich traf bei Calcutta
noch Simmons eine Acineten an, iiber die ich aber nichts zu
sagen vermag, da ich mir leider die betreffende Arbeit nicht
verschaffen Konnte. Somit wurden in Ostindien 50 ver-
schiedene Arten von Protozoén : 12 Rhizopoden, 3 Heliozoén,
19 Mastigophoren, 13* Ciliaten, 3* Suctorien (Acineten)
beobachtet, die alle Europaer sind.”

From 1891 to 1916 very few persons took up the study of
this group in India. KEugen von Daday (1898) studied the
freshwater ProT0zOA of Ceylon, and, in addition to a large
number of Rhizopods and Flagellates, also recorded six
Ciliates, viz., Colopoda cucullus (O. F. Miill.), Codonella lacustris
Entz., Tintinnopsis ovalis Dad., Oxytricha mystacea St., Stylo-
nichia pustulata (Q. F. Miill.), and Eprstylis anastatica Ehrbg.
Annandale (1907) recorded Carchesium polypinum Ehrbg. and
Folliculina ampulla (O. F. Miill.) in his work on the Fauna
of Brackish Ponds at Port Canning, Lower Bengal. Dobell
(1910) published a paper on some parasitic PrRoTOZOA from
Ceylon, in which he described the following new species
of Ciliates :—Balantidium ovale, B. hyalinum, Nyctotherus
papillatus, N. termitis, and Opalina virgula.

In 1916 I published some notes on the Ciliate ProTOoZOA
of Lahore, and followed this up by further papers in 1920,
1922, and 1923. Gulati (1925) published his observations
on some more Ciliates from Lahore. Bhatia and Gulati
(1927) studied some parasitic Ciliates from a number of frogs,
toads, earthworms, and the common cockroach found in the

* This enumeration is not correct, as forms erected into new species
by Saville Kent from martuscript notes of Carter are not included.
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Punjab; and Bhatia and Mullick (1930) studied the fresh-
water Ciliates of Kashmir.

During the same period (1916-29) Ekendranath Ghosh
worked on the Ciliates at Calcutta, and published no less than
fifteen papers recording known and describing many new
species. Most of these papers are, however, of the nature
of short communications, and his descriptions are not always
adequate and reliable. Essential points are very often left
undetermined, and future workers will not find it easy to
recognize the organisms from his description and figures.
Similarly, H. S. Madhava Rao published (1928) a paper on Soil
ProT0ZOA from Mysore, in which he has shown carelessness
of observation and even ignorance of the ordinary rules of
zoological nomenclature and description. Sandon (1927)
and Chaudhuri (1929) have added a large number of forms to
the records from India by examining the soils from various
parts of India. Kofoid and MaclLennan (1930-33) have
described a large number of parasitic Ciliates from Bos indicus,
the material having been obtained in South India and Ceylon.
De Mello (1930-34) has published a number of papers on the
parasitic Ciliates from various frogs and toads from Nova Goa
(Portuguese India). Kofoid and Christenson (1934) have
described a large number of Ciliates from Bos gaurus from
Mysore, and Kofoid (1935) two remarkable Ciliates from the
elephant. Lastly, Das Gupta (1935) has described many
Ciliates from Capra hircus at Calcutta.

In the present work all the records from India are brought
together. The record comprises 310 species, belonging to no
less than 104 genera, out of which the specific identity of as
many as 39 is uncertain. Of these, 68 species belonging to
41 genera, of which 1 genus and 16 species are new to
science, have come under my personal observation. For the
description of previously known genera and species I have
consulted, among others, the monographs of O. F. Miiller,
Ehrenberg, Dujardin, Claparéde and Lachmann, Stein,
Engelmann, Fromentel, Saville Kent, Biitschli, Schewiakoff,
Roux, Penard, Metcalf and Kahl. | have in the main
followed the classification given in Doflein and Reichenow’s
‘ Lehrbuch’(1929) and in Kahl's recent monograph on INFUSORIA
in ‘ Tierwelt Deutschland * (1930-35). All the families, even
when not so far known to be represented in India, have been
mentioned, and tables of identification included. Although
the ciliate Protozoan fauna of India is now much better
known than it was twenty years ago, there are many genera
and even families that are not vet represented. As the
freshwater forms are known to be cosmopolitan in their
distribution, there is every likelihood of their being found
in India as the result of further research.
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Classification and Phylogeny.

The basis of the present-day systems of classification of
the CiLiopHORA was first suggested by Stein in 1857, and
with various modifications, introduced by Saville Kent,
Biitschli, Schewiakoff, Delage, Doflein, Metcalf, Reichenow
and Kahl, is followed even to-day. Stein divided the CiLiaTa
into four orders, viz., HoLoTRrRicHA, HETEROTRICHA, HYPO-
TRICHA, PERITRICHA, and to-day these are still recognized
as orders or suborders. For many years Stein held the
opinion that the organisms, since recognized as constituting
the group TENTACULIFERA, represented merely the develop-
mental phases of various Vorticellids. The researches of
Claparéde and Lachmann won for them an independent
position, possessing, as a distinct section of the INFUsORIA,
the same status as FLAGELLATA and CILIATA, and, with reference
to the possession of sucking tentacles, the title of SucToria
was conferred by them on the group. Later Huxley, in
view of the fact that in certain forms a portion only of the
tentacles are suctorial, and that in some others the tentacles
may be entirely non-suctorial and simply prehensile, sub-
stituted the title of TENTACULIFERA for the SucTorIiA. At
a still later date the name ACINETARIA was given to them by
Lankester. The similarities of the early stages of these organ-
isms to the Ciriata were well understood, and Doflein
recognized that CILIATA and SucToORIA constituted two classes
of the subphylum CILIOPHORA.

The class CILIATA continued to be described as consisting
of four orders, as defined by Stein. The order HoLoTRICHA
includes those Ciliates in which the cilia are all of approximately
equal length and thickness, and there are never any specialized
structures called cirri. It thus included the simplest members
of the class, but still presented a considerable range of com-
plexity from the simplest forms to those nearly approaching
the HETEROTRICHA. Opalina and other astomatous forms
were included in the order as primitive forms or as forms
which were without a mouth on account of their parasitic
mode of life. Excluding these, Stein divided the order
into four families. Saville Kent considered these groups
or families as more or less heterogeneous, and distributed
the genera among twelve families. Later authorities have
had to transfer many of the genera and even families to other
orders or even other classes of PrRoT0ozOA. Biitschli divided
the order into two sub-orders:—(1) the GymMNoOsTOMATA,
in which the mouth is closed except when the food is being
ingested, and (2) the TRICHOSTOMATA, in which the mouth
is always open and provided with an undulating membrane.
Schewiakoff divided the class CiniaTa into the order Asriro-
TRICHA (=order HoLdTRICHA St., with the addition of some
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families formerly referred to the orders HypPoTRICHA (e.g.,
Ervilina and Chlamydodonta) and PgeriTricHA (Cyclo-
dinina)) ; and SPIROTRICHA, including the suborders HETERO-
TRICHA, OLiGoTRICHA, HyPoTRICHA, and PERITRICHA. He
recognized the distinct position of the Opalinid#, and divided
his order ASPIROTRICHA into GYMNOSTOMATA, TRICHOSTOMATA,
and AstomaTa, and arranged the families included under
GYMNOSTOMATA in accordance with the position of the mouth
into three tribes, which he called PROSTOMATA, PLEURO-
sToMATA, and HyposroMaTa. The GYMNOSTOMATA comprised
eleven families, the TRicHOSTOMATA seven families, and the
AstoMATA one family. Delage gave the name HyMENoO-
sTOMATA to TRICHOSTOMATA of Schewiakoff ; and Hickson
in the main followed Schewiakoff’s classification, but used the
term HyMENosTOMATA for TricHOSTOMATA, and for no valid
reason included Opalinine under this group instead of as a
special group as Schewiakoff had done. Chatton and Lwoff
have cstablished THIGMOTRICHA and APOSTOMEA as new
suborders of HOLOTRICHA.

Ray Lankester (1870) was the first to recognize that the
grouping of Opalina with the other astomatous Ciliates was
an unnatural procedure, and Léger and Duboseq (1904)
maintained that the AsToMATA, as defined till then, did not
constitute a natural group, their apparent resemblance being
a case of convergence due to parasitism. They separated
the Opalinine from the Anoplophryide. This view was
accepted by Cépede (1910), who divided the astomatous
Ciliates into eleven families. Hartog (1906) went so far as
to remove the Opalinine from the class CiLiaTa and place it
with the trichonymphids among the MasTicoPHORA. Minchin,
Doflein and other authors have, however, not accepted this
view. To do justice to the fundamental differences of nuclear
structure Metcalf (1920, 1923) has separated the Opalinidae
from the rest of the Ciliates and divided the class into two
subclasses, viz., PrROTOCILIATA and KEUCILIATA, a scheme
which is now generally followed.

The SpirRoTRICHA of Schewiakoff corresponded with Biitschli’s
suborder of the same name, and included HETEROTRICHA,
OvicoTrIiCHA, HYPOTRICHA and PERITRICHA—that is, all the
Ciliates which possess a special adoral zone of cilia arranged
in a spiral manner in front of the mouth. There are, however,
a number of fundamental differences between the HETERO-
TRICHA, OLIGOTRICHA and HypoTriciA on the one hand
and the PERITRICHA on the other. The adoral zone of mem-
branelles in the first three orders turns to the left if viewed
from the ventral or oral side (taking the oral end of the spiral
as its beginning), but in PERITRICHA (with few exceptions)
the adoral zone, if viewed from the veniral side, turns to the
right, or, as generally stated, forms a right-handed spiral. As,
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however, we are dealing with organs which are not developed
from the mouth, but play the physiological role of carrying
the food to the mouth, Reichenow (1929) considers it more
reasonable that the end of the adoral zone furthest from the
mouth should be regarded as its beginning. So viewed,
it may be described as turning to the left in the PERITRICHA
and to the right in the HETEROTRICHA, OLIGOTRICHA and
HyroTricHA. How this reversal of the adoral spiral came
about has been discussed among others by Biitschli (1887-89)
and Fauré-Fremiet (1905). Biitschli explained the phylo-
genetic origin of the PERITRICHA from flattened hypotrichous
forms in which the ventral surface came to serve for attach-
ment while the peripheral region of the adoral zone became
turned over to the side and finally on to the dorsal aspect.
The functional ventral (oral) surface of a Vorticellid is thus
the morphological dorsal surface, and the attaching surface
is the morphological ventral surface. The seeming longitu-
dinal splitting is thus really transverse in a morphological
sense. Colony formation, separation of individual cells
provided with a temporary ciliated girdle, occurrence of
dimorphic gametes and their complete and permanent
fusion during fertilization are remarkable features characteristic
of the PERITRICHA alone among the Ciliates.

It is now generally believed that, taking the HoLoTricHA
as the more primitive Ciliates, the HETEROTRICHA and the
PERrITRIOHA are derived from them by separate routes. From
the HETEROTRICHA are derived the OricoTriCcHA and Hypo-
TRICHA. To give expression to this view in classification
Kahl has recently emended SpiroTRICHA Biitschli so as to
exclude the PERITRICHA, and Reichenow (1929) has followed
bim. Reichenow has also separated the parasitic forms
belonging to the families Ophryoscolecidee and Cycloposthiide
from the OricoTrRICHA, and placed them in a separate
suborder ENTODINIOMORPHA, and certain aberrant sapro-
pelic forms belonging to the family Ctenostomidse have also
been placed under a separate suborder by Kahl.

The highly specialized forms in which the peristomial area
with the adoral zone of membranelles is spirally rolled have
been placed in a separate order CHONOTRICHA. I have
followed Kahl and Reichenow in this new classification.

The CiriorHORA are thus divided into the following classes,
orders and suborders :(—

1. Class CiLiAaTA Biitschli.
I. Subclass ProTocIiLiaTA Metcalf.

IT. Subclass EuciniaTa Metcalf.
1. Order HoLoTRICHA Stein.

1. Suborder GYMNosTOMATA Biitschli.
2. Suborder TricHOSTOMATA Biitschli, em. Kahl.
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3. Suborder HymMENosTOMATA Hickson, em. Kahl.
4. Suborder TricMoTrIcEA Chatton & Lwoff.
5. Suborder ArostoMEA Chatton & Lwoﬁ.’
6. Suborder AsTomaTa Schewiakoff, em. Cépéde.
2. Order SpiroTRICHA Biitschli, em. Kahl.

1. Suborder HETEROTRICHA Stein.
9. Suborder OricoTrIcHA Biitschli.
3. Suborder EnTODINIOMORPHA Reichenow.
4. Suborder CTENosTOMIDA Kahl.
5. Suborder HyproTRICHA Stein.
3. Order PERITRICHA Stein.

4. Order CHONOTRICHA Wallengren.
II. Class SucToriA Bitschli.

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

The Geographical Distribution of Indian Ciliophora.

It is well known that species of freshwater and soil ProT0ZO0OA
are cosmopolitan. The majority of the 310 species now
known from India are found in Europe and America, and those
that have been described as new in the present work are likely
to be found in other parts of the world also. This is due to
the fact that the conditions of life in pools and ponds are much
the same all over the world, and the freshwater forms,
especially in an encysted state, can be easily carried from one
place to another by wind or by animals.

I have followed the regional divisions of India as adopted
by Stephenson in his volume on Oligochata in the ‘ Fauna
of British India,” and have noted the species so far recorded
from each of these divisions; but no importance can be
attached to the apparent presence or absence of any species
from the different regions. The larger number of species
recorded from certain regions is due simply to the fact that
these regions have been better explored, and further work
will doubtless show the ‘ all-India > distribution of most of
the species. The lists will, however, be of some use to workers
in different parts of the country, and enable them to make
a more thorough search than has hitherto been made.

1. NORTH-WESTERN TERRITORY.

(The drainage system of the Indus, so far as comprised in
the plains of India; the Punjab, N.W. Krontier Province
N. Rajputana, Sind.) ’

QPALINID.AE.

Cepedea metealfi (Lahore).
v punjabensis (Lahore).
' sialloti (Sialkot).
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Opalina coracoidea (Lahore).
» lata (Lahore).
.,  ranarum (Lahore).

HOLOPHRYID.E.
Holophrya indica (Lahore).

01,0’ i simplex (Lahore).
Urotricha globosa (Lahore).
Prorodon teres (Lahore).

” edentatus (Lahore).
Lacrymaria vermicularis (Lahore).
. striata (Lahore).
Enchelys arcuata (Lahore).
sp. (Lahore, Lyallpore).

»

DipiNup ZE.
Didinium nasutum (Lahore).
balbiant (Lahore).

b 24

COLEPID &.
Coleps hirtus (Lahore).
,, kenti (Lahore).
uncinatus (Lahore).

"

SPATHIDIID E.
Spathidium moniliforme (Lahore).

AMPHILEPTIDX.
Lionotus fasciola (Lahore).
. pleurosigma (Lahore).
Loxophyllum meleagris (Lahore).
TRACHELIIDE.
Dileptus anser (Lahore).

Loxopip&.
Loxodes punjabensis (Lahore).

NASSULIDAE.
Nassula stromphii (Lahore).
.,»  ambigua (Lahore).
Cyclogramma rubens (Lahore).
CHLAMYDODONTIDE.
Chilodonella cucullulus (Lahore).

CoLPODIDE.
Colopoda cucullus (Lahore, Gurdaspur, Peshawar, Karachi).
vy steinit (Lahore, Peshawar).
Pakamec1ID &,
Puramecium caudatum (Lahore).

FRONTONID ZE.

Frontonia leucas (Lahore).
Sigmostomum indicum (Lahore).
Trichoda pura (Lahore).
Qlaucoma scintillans (Lahore).
Colpidium colpoda (Lahore).

v campyllum (Lahore).
. striatum (Lahore).
s sp. (Peshawar).

Pseudoglaucoma digitata (Lahore).
CIL. C
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PLEURONEMATIDZ.

Cyclidium glaucoma (Lahore).
Balantiophorus elongatus (Lahore, Gurdaspur, Jullundhur, Pesha-

war).
Balantiophorus minutus (Lahore. Jullundhur, Peshawar).
» Sp. (La.hore).
UROCENTRIDZ.

Urocentrum turbo (Lahore).
Telotrichidium mathavi (Lahore).

ANOPLOPHRYIDAZ.
Maupasella nova (Lahore).

SPIROSTOMID &.
Spirostomum ambiguum (Lahore).

PLAGIOTOMID &.
Nyctotherus cordiformis (Lahore).
» macropharyngeus (Lahore).
v ovalis (Lahore).
’ reniformis (Sialkot).
STENTORID Z.
Stentorella polymorphus (Lahore).
’ sp. (Lahore).
BURSARID Z&.

Bursaria truncatella (Lahore).

BALANTIDIID&E.
Balantidium amygdalli (Sialkot).

v bicavata (Lahore).
' blattarum (Lahore).
v duodeni (Lahore).
» clongatum (Lahore).
. gracile (Lahore).
’ helenz (Lahore).

HALTERIID.E.

Halteria grandinella (Lahore).
v sp. (Peshawar).

PERITROMID ZE.
Peritromoides simplex (Lahore).

OXYTRICHID Z.

Urostyla weiste (Lahore).
Uroleptus sp. (Peshawar).
Gonostomum affine (Lahore, Jullundhur ?).
Pleurotricha grandis (Lahore, Peshawar).

. lanceolata (Peshawar).
Gastrostyla setifera (Lahore).
Oxytricha pellionella (Lahore, Jullundhur ?).
Stylonichia pustulata (Lahore).

ASPIDISCID.AE.

Aspidisca lynceus (Lahore).
v costata (Lahore).
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VORTICELLID Z.
Scyphidia indica (Lahore).
Vorticella campanula (Lahore).

» citrina (Lahore).

» microstoma (Peshawar).
Carchesium epistylidis (Lahore).
Epistylis plicatitis (Lahore).

,,  articulata (Lahore).

PoDOPHRYIDZ.
Spharophrya pusilla (Lahore, Hoshiarpur).
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2. WESTERN HIMALAYAN REGION.
(From Hazara to the border of Nepal, including Kashmir.)

COLEPID E.
Coleps hirtus (Srinagar).

AMPHILEPTID E.
Lionotus fasciola (Srinagar).
Loxophyllum helus (Srinagar).

Loxopip&.
Loxodes striatus (Srinagar).
,» bahaduri (Srinagar).

CHLAMYDODONTID ZE.
Chilodonella cucullulus (Srinagar).
" spiralidentis (Srinagar).
(CoLrPOuDID A,

Colpoda cucullus (Ghora Gali, Srinagar.)
»  8teinit (Ghora Gali, Srinagar).

PARAMECIIDE.
Paramecium caudatum (Srinagar).
’ aurelia (Srinagar).
’ bursaria (Srinagar).
FRONTONIDZE.

Glaucoma pyriformis (Srinagar).
Colpidium sp. (Ghora Gali, Srinagar).

PLEURONEMATID.E.

Balantiophorus clongatus (Ghora Gali, Srinagar).

UROCENTRIDE.
U rocentrum turbo (Srinagar).

SPIROSTOMID &E.
Spirostomum ambiguum (Srinagar).
» teres (Srinagar).
STENTORID.E.

Stentorella polymorplius (Srinagar).
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OXYTRICHID Z&.

Uroleptus mobilis (Ghora Gali, Srinagar).

’ piscis (Srinagar).
Gonostomum affine (Srinagar).
Pleurotricha grandis (Ghora Gali).
’ lanceolata (Ghors Gali, Srinagar).

Stylonichia pustulata (Srinagar).

VORTICELLID &.

Vorticella microstoma (Ghora Gali, Srinagar).
” sp. (Ghora Gali).

3. NORTH-EASTERN FRONTIER REGION.
(Nepal and eastwards, including Assam.)

CoLPODIDZE.
Colpoda cucullus (Assam).

PLEURONEMATID A&,
Balantiophorus elongatus (Cinnamara near Jorhat).

BALANTIDIID.E.
Balantidium coli var. bovis (Assam).

OXYTRICHID.R.

Gonostomum sp. (Dacca).
Pleurotricha grandis (Assam).

4. INDO-GANGETIC PLAIN.
(United Provinces, Bihar, Bengal.)

OPALINIDE,
Opalina plicata (Calcutta).
s Scalpriformis (Calcutta).
s»s  triangularis (Calcutta).

HoLOPHRYIDZ.

Holophrya annandale: (Calcutta).
’ bengalensis (Calcutta).
Urotricha sp. (Calcutta).
Prorodon stewarti (Calcutta).
Lacrymaria olor (Calcutta).
Enchelis sp. (Sibpore).
Trachelocerca sp. (Calcutta).

COLEPIDZE.
Coleps hirtus (Calcutta).
» Sp. (Calcutta).
AMPHILEPTID.E.

Amphileptus sp. (Calcutta).
Lionotus fasciola (Calcutta).

v stmilis (Calcutta).

. infusionus (Calcutta).

LoxopIDA.
Loxodes sp. (Calcutta).
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TRACHELIID E.
Trachelius gutta (Calcutta).

NASSULID&E.

Chilodontopsis bengalensis (Calcutta).
Orthodonella banerjeei (Calcutta).

CHLAMYDODONTIDZ.

Chilodonella rhesus (Calcutta).
sp. (Calcutta).
sp. (Sibpore).

bR

”

CoLPoDIDE.

Colpoda cucullus (Delhi, agra, Dehra Dun, Sibpore, Calcutta, Dacca,
Cuttack, Pusa).
.  steinst (Delhi, Dehra Dun).
,»  maupast (Pusa).

FRONTONID Z.
Colpidiuwm sp. (Chittagong).

PARAMECIID E.
Paramecium caudatum (Calcutta, Lucknow).
sp. (Calcutta).

b4

TRICHOPELMID Z.
Drepanomonas dentata (Calcutta).

Incerts sedis.
Opisthostomum bengalensis (Calcutta).

CONCHOPHTHIRID Z.
Conchophthirius curtus (Calcutta).

» lamellidens (Calcutta).
’ elongatus (Calcutta). -
IsorrICHID &E.

1sotricha prostoma (Calcutta).
Dasytricha ruminantium (Calcutta).

FroNnTONIDD £,
Colpidium sp. (Dehra Dun, Agra, Patna, Dacca).
Stegochilum ovale (Calcutta).

PLEURONEMATID Z.
Cyclidium glaucoma (Sibpore).
Pleuronema chrysalis (Calcutta).
Balantiophorus elongatus (Benares, Agra, Patna, Sibpore, Calcutta,

Chittagong).
’ minutus (Dehra Dun, Patna, Sibpore, Calcutta,
Chittagong),
ANOPLOPHRYID &.
Anoplophrya xlosomata (Calcutta).
” cylindrica (Calcutta).
" elongata (Calcutta).
» lloydi (Calcutta).

’ variabglis (Calcutta).
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SPIROSTOMID &.
Spirostomum ambiguum (Calcutta).
» sp. (Agra).
PLAGIOTOMID ZE.
Nyctotherus cordiformis (Calcutta).
’ kempi (Calcutta).
’ macropharyngeus (Calcutta).
STENTORIDZE.

Stentorella polymorphus (Calcutta).
’ viridis (Calcutta).

FOLLICULINID.E.
Folliculina ampulla (Port Canning, Lower Bengal).

BURSARIDZ.
Parabursaria pheretima (Calcutta).

BALANTIDIID &.
Balantidium blattarum (Calcutta).
) coli (Calcutta).
» depressum (Calcutta).
’ knowlesiz (Calcutta).
s ovatum (Calcutta).
’e ranarum (Calcutta).
’, rhesum (Calcutta).
v sushiliv (Calcutta).
OPHRYOSCOLECIDZE.
Entodinium bursa (Calcutta).
’ dubard: (Calcutta).
ye lobosospinosum (Calcutta).
’s longinucleatum (Calcutta).
v biconcavum (Calcutta).
’e elongatum (Calcutta).
’e laterale (Calcutta).
’ rectangulatum (Calcutta).
v anteronucleatum lave (Calcutta).
’ ’s monolobum (Calcutta).
v ' dilobum (Calcutta).
’ caudatum (Calcutta).
v chatterjeei (Calcutta).
v ekendra (Calcutta).
s Sfurca dilobum (Calcutta).
’» nanellum (Calcutta).
v ovinum (Calcutta).
’e ovoido-nucleatum (Calcutta).
’s setnai (Calcutta).

simplex (Calcutta).
szloduuum anisacanthum (Calcutta).

’s consors (Calcutta).
» costatum (Calcutta).
. crista-gally (Calcutta).

Eremoplastron rostratum (Calcutta).

br evzspmum (Calcutta).
Pudzplodmwm maggit (Calcutta).
Diploplastron affine (Calcutta).
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Metadinium medium (Calcutta).
Elytroplastron bubali (Calcutta).
Epidinium ecaudatum (Calcutta).

’ caudatum (Calcutta).

’ cattanet (Calcutta).
Ophryoscolex tricoronatus (Calcutta).

OX YTRICHID.E.
Uroleptus mobilis (Chittagong).
Gonostomum affine (Delhi, Agra).
Pleurotricha grandis (Agra, Sibpore).
. lanceolata (Delhi).
Stylonichia sp. (Agra, Calcutta).
Balladinopsis nuda (Calcutta).

EvrPLoTID Z.
Euplotes sp. (Calcutta).

ASPIDISCIDXE.

Aspidisca costata (Lucknow).
Aspidiscopsis bengalensis (Calcutta).

VORTICELLID E.
Scyphidia purniensis (Purnea, Bengal).
Vorticella patellina (Calcutta).
’ globosa (Calcutta).
’ subcylindrica (Calcutta).
” submicrostoma (Calcutta).
» subprocubens (Calcutta).
» subsinuata (Calcutta).
’ sp. (Calcutta).
Carchesium polypinum (Port Canning, Lower Bengal).
’ sp. (Calcutta).
Epistylis sp. (Calcutta).
Cothurnia sp. (Calcutta).
Vaginicola sp. (Calcutta).
Platycola sp. (Calcutta).

ACINETID &.
Tokophrya bengalensis (Calcutta).

PODOPHRYIDZE.

Podophrya bengalensis (Calcutta,).
’ sandsi (Calcutta).

5. BURMA.
(Including the Andamans and Nicobars.)

CoLPODID.E.

Colpoda cucullus (Hmawbi).
»»  steinii (Rangoon, Hmawbi).

PLEURONEMATID &.
Pleuronema sp. (Hmawbi).

OXYTRICHIDZE.
Uroleptus mobilis (Bangoon).

23
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6. MAIN PENINSULAR AREA.
(Including S. Rajputana and the Central India Agency.)

HoLoPHRYIDAE.
Prorodon sp. (Indore).

AMPHILEPTID &.
Lionotus sp. (Indore).

CHLAMYDODONTID.X,
Chilodonella sp. (Indore).

COLPODIDA.

Colpoda cucullus (Nagpur, Hyderabad).
,»  steinii (Indore, Nagpur, Hyderabad).

PLEURONEMATID.E,
Balantiophorus elongatus (Indore, Cuttack).

SperosToMID &,

Blepharisma sp. (Indore).
Spirostomum sp. (Indore, Hyderabad).

HALTERIID £.
Halteria sp. (Indore).

OXYTRICHID &,

Stichotricha sp. (Indore).
Uroleptus mobilis (Indore).
’ piscis (Indore).
s sp. (Indore).
Pleurotricha grandis (Indore).
’» lanceolata (Indore, Hyderabad).
Ozytricha pellionella (Indore).

VORTICELLID Z&.

Vorticella microstoma (Indore).
» sp. (Indore).

7 SOUTHERN REGION.
(S. of Latitude 15°.)

HorLoPHRYIDZ.
Enchelys sp. (Coimbatore).

COLPODID.E.

Colpoda cucullus (Madras, Mysore, Coimbatore).
s  stesnit (Madras, Mysore, Coimbatore).
»»  maupast (Madras, Coimbatore).

ISOTRICHID AE.

Isotricha intestinalis (Mysore).
’ prostoma (Mysore, Coonoor).
Dasytricha ruminantium (Coonoor).
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FRONTONID E.

Colpidium strigtum (Mysore).
Uronema marinum (Mysore).
accuminata (Mysore).

b2

PLEURONEMATID Z.

Balantiophorus elongatus (Coimbatore, Kanara).
minutus (Coimbatore).

»

HAPTOPHRYID.E.

Caudalina bangalorensis (Mysore).
’ armata (Mysore).

SPIROSTOMID .
Spirostomum sp. (Madras).

CONDYLOSTOMID E.
Condylostoma patens (Mysore).

Incerte sedis.
Octocirrus spharatus (Mysore).

OPHRYOSCOLECIDE.

Entodinium curtum (Mysore).
’ ellipsoideum (Coonoor).
’ longinucleatum (Coonoor, Mysore).
” acutonucleatum (Coonoor, Mysore).
’ contractum (Mysore).
. rostratum (Coonoor).
’ pisciculum (Coonoor).
’ biconcavum (Coonoor).
’ bifidum (Coonoor).
v acutum (Coonoor).
' laterale (Coonoor).
' rectangulatum (Coonoor).

’ brevispinum (Coonoor).
' laterospinum (Coonoor).
" nanellum (Coonoor, Mysore).

’ ovotdeum (Coonoor).
’ rhomboideum (Coonoor).

’ bismatus (Coonoor).
’ gibberosum (Coonoor).
’s tricostatum (Coonoor).

indicum (Coonoor, Mysore).
Eodzmum lobatum (Coonoor).
»»  bilobosum (Mysore).
’s rectangulatum (Coonoor).
Diplodinium dentatum (Coonoor).

' monacanthum (Coonoor).
» diacanthum (Mysore).

» triacanthum (Mysore).

”» tetracanthum (Mysore).

» pentacanthum (Mysore).
» anisacanthum (Mysore).
» psittaceum (Coonoor).

’ -minor (Mysore).

» Sflabellurg (Coonoor).
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ORPHROSCOLECIDE (cont.).

Eremoplastron rostratum (Mysore).

’ rotundum (Coonoor).

”» bovis (Coonoor).

magnodentatum (Coomnoor).

E’udzplodmwm maggii (Coonoor, Mygore).
Metadinium medium (Coonoor Mysore ).

’ rotundatum (Mysore).
Elytroplastron bubali (Coonoor).
Ostracodinium gauri (Mysore).

’ mysorer (Mysore).

» mammosum (Coonoor).

» gracile (Coonoor, Mysore).

» trivesiculatum (Coonoor, Mysore).
’ quadrivesiculatum (Coonoor).

»s venustum (Coonoor).

» clipeolum (Coonoor).

rugoloricatum (Coonoor).
Epuhmum caudatum (Mysore).

» quadricaudatum (Mysore).

» parvicaudatum (Mysore).

’ cattaner (Coonoor).

» eberleini (Coonoor).
Ophryoscolex spinosus (Coonoor).
Polydinium mysoreum (Mysore).
Elephantophilus zeta (Mysore).

OXYTRICHID A.

Uroleptus mobilis (? Coimbatore).

’ piscis (Coimbatore).
Gonostomum affine (Kanara, Coimbatore).
Pleurotricha lanceolata (Kanara, Madras).
Ozytricha sp. (Coimbatore).

EvurLoTID &.
Euplotes charon (Mysore).

YVORTICELLID E.

Vorticella microstoma (Coimbatore, Mysore).
Carchesium polypinum (Mysore).
Vaginicola sp. (Bangalore).

8. WESTERN REGION.
(Goa to Cutch, the Ghats to the Sea.)

OPALINIDE.

Cepedea longa (Nova Goa).
v seychellensis var. angust: (Nova Goa).
v subcylindrica (Nova Goa).
’e thiage (Nova Goa).
Opalma $calpriformis (Nova Goa).
’ triangularis (Nova Goa).
’ ranarum (Nova Goa).
’ lata (Nova Goa).
’ ,, var. cordata (Nova Goa).
v coracoidea (Nova Goa).
’ wirgula (Nova Goa).
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HOLOPHRYIDXE.

Holophrya lateralis (Bombay).
Urotricha sp. (Bombay).

Dipimnmp .
Mesodintium pulex (Bombay).

NASSULIDE.
Nassula sp. (Bombay).

CHLAMYDODONTIDZE.
Chilodonella cucullulus (Bombay).

PLAGIOPYLIDA,
Plagiopyla carteri (Bombay).

COLPODID.ZE.

Oolpoda cuoullus (Bombay, Dharwar).
,,  steinit (Bombay, Poona, Kanara, Dharwar).

PABAMECIIDAE.
Paramecium aurelia (Bombay).

FRONTONIDZE.
Frontonia leucas (Bombay).

OPHRYOGLENID.E.
Oplryoglena flava (Bombay).

PLEURONEMATID Z.

Balantiophorus elongatus (Dharwar).
v mainutus (Dharwar).

UROCENTRIDZ.
Urocentrum turbo (Bombay).

PLAGIOTOMIDE.

Nyctotherus cordiformis (Nova Goa).
' macropharyngeus (Bombay, Nova Goa).
' magnus var. malabarica (Nova Goa).
’ ovalis (Nova Goa).
” papillatus (Nova Goa).

BALANTIDIIDZ.

Balantidium gracile (Nova Goa).

’ helenz (Nova Goa).

STENTORID Z.

Climacostomum virens (Bombay).

Stentorella sp. (Bombay).
OXYTRICHID Z.

Gonostomum affine (Dharwar).

Pleurotricha grandis (Bombay).

Oxytricha sp. (Bombay).
EuPLoTID Z.

Euplotes charon (Bombay).
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VORTICELLID &E.
Vorticella convallaria (Bombay).
” microstoma (Bombay).
’ sp. (Bombay).
Epistylis galea (Bombay).
Pyzicola carteri (Bombay).
ACINETID&E.
Tokophrya quadripartita (Bombay).
Acineta tuberosa (Bombay).
PODOPHRYIDZ.

Podophrya fixa (Bombay).
Spheerophrya sp. (Bombay).

9. CEYLON.

OPALINID .,
Opalina virgula (Peradeniya).

HoLOPHRYIDA.
Prorodon sp. (Colombo).

AMPHILEPTID Z.
Lionotus sp. (Colombo).

NassuvLip .
Phascolodon sp. (Colombo).

CoLPODIDE.
Colpoda cucullus (Kandy).

ISOTRICHID.E.

Isotricha prostoma (Colombo).
Dasytricha ruminantium (Colombo).

PARAISOTRICHIDE.
Blepharocorys ventriculi (Colombo).

FRONTONID Z.
Colpidium sp. (Colombo).

PLEURONEMATID E.
Balantiophorus sp. (Colombo).

PraGcioTroMIDZE.
Nyctotherus macropharyngeus (Colombo).
” papillatus (Paradeniya).
’ termitis (Colombo).

BALANTIDIIDE.

Balantidium duodenri (Colombo).
» helence (Colombo).
”» testudinis (Colombo).

TINTINNID.ZE.

Tintinnopsis ovalis (Madatugama).
’» lacustris (Madatugama, Lake Kalawewa).



INTRODUCTION.

OPHRYOSOOLECID XE.
Entodinium ellipsotdeum (Colombo).

”
”»
’»
”»
””
”
”
’”
’”
’”
”»
’”
’»
”»
”
’»
7}
2
’_’

”»”

longinucleatum (Colombo).
acutonucleatum (Colombo).
rostratum (Colombo).
prsciculum (Colombo).
biconcavum (Colombg).
acutum (Colombo).
aculeatum (Colombo).
laterale (Colombo).
réctangulatum (Colombo).
brevispinum (Colombo).
laterospinum (Colombo).
nanellum (Coombo).
ovordeum (Colombo).
rhomboideum (Colombo).
brsmatus (Colombo).
gibberosum (Colombo).
tricostatum (Colombo).
indicum (Colombo).
ovalis (Colombo).

bursa (Colombo).

dubardi (Colombo).

Iﬂod'mmm lobatum (Colombo).

.9

rectangulatum (Colombo).

Diplodinium dentatum (Colombo).

Eremoplastron rostratum (Colombo).

monocanthum (Colombo).
psittaceum (Colombo).

rotundum (Colombo).
bovis (Colombo).
brevispinum (Colombo).

magnodentatum (Colombo).

maggit (Colombo).

Metadmmm medium (Colombo).
Elytroplastron bubali (Colombo).
Ostracodinium mammosum (Colombo).

”
”»
”»

gracile (Colombo).

trivesiculatum (Colombo).
quadrivesiculatum (Colombo).

venustum (Colombo).
clipeolum (Colombo).
rugoloricatum (Colombo).

E’pﬂdmmm ecaudatum (Colombo).

”
”»”
2
2

”

caudatum (Colombo).
bicaudatum (Colombo).
tricaudatum (Colombo).
quadricaudatum (Colombo)
cattanei (Colombo).
eberleini (Colombo).

OXYTRICHID X.

Holosticha mystacea (Kandy).
Gonostomum afffine (Colombo).
Stylonichia pustulata (Kandy).

VORTICELLID XE.

Epistylis anastatica.
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CILIOPHORA.

Distribution of Parasitic Forms.

Unlike the freshwater ProTozO0A, the geographical distribu-
tion of parasites usually follows that of their hosts. Up to
the present time only a very small number of animals found
in India have been examined for their parasites, and a more

extensive survey is highly desirable.

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.

(i) List of Parasites and their Hosts.

Parasite.

Zelleriella macronucleata
Cepedea lanceolata

Cepedea longa

Cepedea metcalfi

Cepedea punjabensis

Cepedea seychellensis var.
angusta.

Cepedea sialkotr

Cepedea subcylindrica

Cepedea thiagi

Opalina coracotdea

Opalina coracoidea lahori-
ensis.

Opalina lata

Opalina lata var. cordata .

Opalina plicata
Opalina ranarum.

Opalina scalpriformis
Opalina triangularis
Opalina virgula
Chilodonella rhesus
Conchopthirius curtus.

Conchopthirius lamellidens
Conchopthirius elongatus .

Host.

Bufo melanostictus

Rarna esculenta var.
chinensis.

Rana limnocharis

Rhacophorus maculatus.

Bufo melanostictus
Bufo melanostictus
Rana tigrina

Bufo melanostictus
Bufo macrotis
Bufo melanostictus

Rhacophorus maculatus.

Rana cyanophlyctis
Rana tigrina

Bufo melanostictus
Rana limnocharis.

Rana hexadactyla
Rana cyanophylctis
Rana malabarica
Bufo melanostictus
Rana esculenta .
Rana cyanophlyctis..

Rana tigrina

Bufo cinereus
Bufo melanostictus
Bufo variabilis
Bufo melanostictus

Bufo melanostictus

Polypedates (Rhacopho-
rus) maculatus.

Bufo melanostictus

Macacus rhesus ..

Lamellidens marginalis.

Lamellidens marginalis.
Lamellidens marginalis.

Seat.

Rectum.
Rectum.

Rectum.
Intestine.
Rectum.
Rectum.
Intestine.
Intestine.
Rectum.
Intestine.
Intestine.
Intestine.
Rectum.

Rectum.
Intestine and rec-
tum.
Rectum.
Intestine.
Intestine.
Rectum.
Rectum.,
Intestine and rec-
tum.
Intestine.
Rectum.
Intestine.
Rectum.
Rectum and in-
testine.
Rectum and in-
testine.
Rectum.

Intestine.
Intestine.
Mantle-chamber.
Mantle-chamber.
Mantle-chamber.



Parasite.

Isotricha intestinalis
Isotricha prostoma

Dasytricha ruminantium. .

Blepharocorys ventriculi . .
Anoplophrya alosomahs. .
Anoplophrya cylindrca . .
Anoplophrya elongata . - .

Anoplophrya lloydis .. . ..
Anoplophrya variabilis . .

Maupasella nova .......

Nyctotherus cordiformis . .

------

N yctotherus kempi
Nyctotherus macropharyn-
JeUR,

Nyctotherus magnus

Nyctotherus magnus var.
malabarica.

Nyctotherus ovalis ......

Nyctotherus papillatus .

Nyectotherus reniformis . . .
Nyctotherus termitis
Parabursaria pheretima . .
Balantidium amygdally . .
Balantidium bicavata . . ..
Balantudium blattarum
Balantidium coli . .. .. ...
Balantidium coli var. bovis
Balantidium depressum .
Balantidium duodeni

Bualantidium elongatum . .
Balantidium gracile

Balantidium helense . ...
Balantidium giganteum . .

Balantidium knowlesis . . .
Balantidium ovatum

INTRODUCTION.

Host.

Bos gaurus
Bos gaurus
Bos indicus
Capra hircus
Bos indicus. .........
Capra hrrcus.........
Bos indicus .........
Allosoma chlorostictum .
Vivipara bengalensis . .
Small freshwater gas-
tropods.
Pheretima posthuma . .
Smell freshwater gas-
tropods.
Pheretima posthuma . .
Pheretima hawayana
Bufo melanostictus . ..

Rana tigrina ........
Rana malabarica

Rana limnocharis . ...
Ampullaria glotosa
Rana tigrina ........

Rana cyanophlyctis. ..

Rana hexadactyla . ...
Rana limnocharis . ...
Rana hexadactyla .

Rana tigrina ........
Periplaneta americana .
Bufo melanostictus ...

Rhacophorus maculatus.

Bufo macrotis .......
Calotermes militaris. . .
Pheretima posthuma . .
Bufo macrotis .......
Bufo melanostictus ...
Periplaneta americana .
Homo sapiens
Cattle .............
Ampullaria globosa . ..
Rana tigrina

ooooooo

Rana tigrina ........
Rana cyanophlyctis . . .
Rana hexadactyla . ...
Rana tigrina
Rana tigrina ........
Rana cyanophlyctis . . .
Rana limnocharis . ...
Rana esculenta var.
chinensis.
Culicoides peregrinus. .
Periplaneta americana.
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Seat.

Stomach.
Stomach.
Stomach.

Rumen.

Stomach.

Rumen.

Stomach.
Alimentary canal.
Intestinal canal.
Rectum.

Seminal vesicles.
Intestine.

Alimentary canal.
Alimentary canal.
Intestine and
cloaca.
Intestine.
Intestine.
Intestine.
Rectum.
Intestine
cloaca.
Intestine
cloaca.
Cloaca.
Intestine.
Cloaca.
Intestine.

and

and

Mid- and hind-gut.
Cloaca.
Intestine
cloaca.
Rectum.
Intestine.
Seminal vesicles.
Rectum.
Rectum.
Intestine.
Intestine.
Intestine.
Rectum.
Duodenum and
small intestine,
Intestine.
Rectum.
Rectum.
Small intestine.
Intestine and
rectum.
Intestine.
Intestine.
Cloaca.

and

Ceelom.
Intestine.
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Parasite.

Balantidium ranarum.
Balantidium rhesum
Balantidium rotundum

Balantidium sushilii
Balantidium testudinis
Entodinium bursa

Entodinium curtum
Entodinium dubards .

Entodintum
sum.

Entodinium ellipsoideum .

Entodintum longinuclea-
tum.

lobosospino-

Entodinium  acutonuclea-
tum.

Entodintum rostratum.

Entodinium pisciculum

Entodinium brconcavum

Entodinvum elongatum
Entodinium bifidum
Entodinium acutum
Entodinium aculeatum
Entodinium laterale.

Entodinium rectangulatum

Entodintum anteronuclea-
tum laeve
Entodwmnium anteronuclea-
tum monolobum.
Entodinium anteronuclea-
tum dilobum.
Entodinium bismatus
Entodintum brevispinum
Entodinium caudatum
Entodinium chatterjeer
Entodinium contractum
Entodinium ekendrse
Entodinium furca dilobum.
Entodinium gibberosum
Entodinium indicum

Entodinium laterospinum .
Entodinium nanellum

Entodinium ovalis

Entodinium ovinum

Entodinium ovoideum

Entodinium ovoido-nuclea-
tum.

Entodinium rhomboideum .

CILIOPHORA.

Host.

Rana tigrina
Macacus rhesus

Rana esculenta var.

chinensis.
Rana tigrinae
Nicoria trijuga
Tragulus meminna
Capra hircus.
Bos gaurus
Tragulus meminna
Capra hircus.
Capra hircus.

Bos indicus .
Bos indicus .
Bos gaurus
Capra hircus
Bos indicus
Bos gaurus
Bos indicus
Bos indicus
Bos indicus
Capra hircus.
Capra hircus.
Bos indicus
Bos indicus
Bos indicus
Bos indicus
Capra hircus
Bos indicus
Capra hircus.

Capra hircus
Capra hircus.

Capra hircus

Bos indicus
Bos indicus
Capra hircus.
Capra hircus.
Bos gaurus
Capra hircus.
Capra hircus
Bos tndicus
Bos gaurus
Bos indicus
Bos indicus
Bos gaurus
Bos indicus
Capra hircus.

Tragulus meminna.

Capra hircus
Bos indicus
Capra hircus.

Bos indicus

Seat.

Regtum.
Intestine.

Small intestine

Intestine.

Large intestine

Stomach.
Rumen.
Stomach.
Stomach.
Rumen.
Rumen.

Stomach.
Stomach.
Stomach.
Rumen.
Stomach.
Stomach.
Stomach.
Stomach.
Stomach.
Rumen.
Rumen.
Stomach.
Stomach.
Stomach.
Stomagh.
Rumen.
Stomach.
Rumen.

Rumen.
Rumen.

Rumen.

Stomach.
Stomach.
Rumen.
Rumen.
Stomach,
Rumen.
Rumen.
Stomach.
Stomach.
Stomach.
Stomach.
Stomach.
Stomach.
Rumen.
Stomach.
Rumen.
Stomach.
Rumen.

Stomach.



INTRODUCTION.

Parasite. Host.
Entodintum setnai . ..... Capra hircus ........
Entodinium simplex ..... Capra hircus ........
Entodintum tricostatum .. DBosindicus .........
Eodinium lobatum ...... Bosindicus ........
Eodinium bilobosum .... DBosgaurus ..........
Eodinium rectangulatum . Bos indicus ........
Diplodinium dentatum ... Bosindicus ........
Diplodinium ceylonicunt . Bos indicus ........
Diplodinium monacan- Bosgaurus..........
thum.

'Diplodinium diacanthum . Bos gaurus ..........
Diplodinium triacanthum. Bos gaurus ..........
Diplodinium tetracanthum. Bos gaurus. .........
Diplodinium pentacan- Bos gaurus ..........

thum.
Diplodinium anisacan- Bos gaurus ..........
thum. Capra hircus ........
Diplodinium psittaceum . Bos indicus ........
Diplodinium consors .... Capra hircus.........

Diplodinium costatum . ... Capra hircus. .. ......
Diplodinium minor . .. ... Bos gaurus ..........
Diplodinium crista-galls. . Capra hircus ........
Diplodinium flabellum ... Bos indicus ........
Ercmoplastron rostratum.. Bos indicus ........

Bos gaurus ..........
Capra hircus ........
Eremoplastron rotundum . Bos indicus ........
Eremoplastron bovis .... Bosindicus ........
FKremoplastren brevispinum Bos indicus ........
Capra hircus. ........
Eremoplastron megaloden- Bos indicus ........
tatum.

Eudiplodinium maggii ... Bos indicus ........

Bos gaurus ..........
Capra hircus.........
Diploplastron affine ..... Capra hircus.........
Metadinium medium .... Bosindicus ........
Bos gauwrus ..........
Capra hircus. ........
Metadinium rotundatum.. Bosgaurus ..........
Elytroplastron bubali .... Bos indicus ........
Capra hircus ........

Ostracodinium clipeolum.. Bos indicus .........
Ostracodinium gaurt .... Bosgaurus ..........
Ostracodinium gracile ... Bosgaurus ..........

Bos indicus .........

Ostracodintum mammosum Bos indicus .........
Ostracodinium mysorer .. Bosgawrus ..........

Ostracodinium quadrivesi- Bos indicus .........
culatum.

Ostracodinium rugolorica-  Bos indicus .........
tum.

Ostracodinium trivesicula- Bos gaurus ..........
tum. Bos indicus .........

Ostracodinium venustum.. Bos indicus .........

Epidinium ecaudatum ... Capra hircus ........
Tragulus meminna. . ..

CIL.

Seat.

Rumen.

Rumen.

Stomach.
Stomach.
Stomach.
Stomach.
Stomach.
Stomach.
Stomach.

Stomach.
Stomach.
Stomach.
Stomach.

Stomach.

Rumen.
Stomach.
Rumen.
Rumen.

Stomach.

Rumen.

Stomach.
Stomach.
Stomach.

Rumen.

Stomach.
Stomach.
Stomach.

Rumen.

Stomach.

Stomach.
Stomach.

Rumen.
Rumen.

Stomach.
Stomach.

Rumen.

Stomach.

Stomach.
Rumen.

Stomach.
Stomach.
Stomach.
Stomach.

Stomach.

Stomach.

Stomaéch.
Stomach.

Stomach.
Stomach.
Stomach.
Rumen.

Stomach.

D
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Parasite. Host. Seat.
Epidinium caudatum . .. Bos gaurus Stomach.
Bos indicus . .. Stomach.
Capra hircus. . Rumen.
Tragulus meminna. Stomach.
Epidinium bicaudatum. . Bos indicus Stomach.
Tragulus meminna. Stomach.
Epidinium tricaudatum Bos indicus Stomach.
Tragulus meminna. Stomach.
Epidinium quadricauda- Bos gaurus .. Stomach.
tum. Bos indicus Stomach.
Tragulus meminna. Stomach.
Epidinium parvicaudatum. Bos gaurus Stomach.
Epidinium cattanei ..... Bos indicus Stomach.
Capra hircus. Rumen.
Epidinium eberleins .. Bos indicus Stomach.
'Ophryoscolex spinosus. Bos indicus Stomach.
Ophryoscolex tricoronatus. Capra hircus. Rumen.
Polydinium mysoreum Elephas indicus Cecum and colon,
Elephantophilus zeta Elephas indicus . . C=cum and colon
Spheerophrya pusilla Paramecium caudatum Cytoplasm.

(ii) List of Hosts and their Parasites.

Host. Parasite. Seat.
MAMMALIA.
Homo sapiens Balantidium cols Intestine.
Macacus rhesus Chilodonella rhesus Intestine.
Balantidium rhesum .  Intesgine.
Bos indicus Isotricha prostoma Stothach.
Dasytricha ruminan- Stomach.
tium.
Blepharocorys wventri- Stornach.,
culs.
Entodinium ellipsoideum. Stomach.
Entodinium longinucle- Stomach.
atum.
Entodinium acutonucle- Stomach.
atum.
Entodinium rostratum  Stomach.
Entodinium pisciculum Stomach.
Entodinium biconcavum. Stomach.
Entodinium bifidum Stomach.
Entodinium acutum Stomach.
Entodinium acwleatum. Stomach.
Entodinium laterale . Stomach.
Entodinium rectangula- Stomach.
tum.
Entodinium brevispi-  Stomach,
num.
Entodinium laterospi- Stomach.
num.
Entodinium nanellum Stomach.
Entodinium ovoideum Stomach.
Entodinium rhombosi- Stomach.
deum.
Entodinium bimastus.  Stomach.
Entodintum gibberosum Stomach.
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INTRODUCTION.

Parasite.

Entodinium tricostatum
Entodinium indicum
Eodinium lobatum
Eodinium rectangula-
tum.
Diplodinium dentatum.
Diplodintum ceyloni-
cum.
Diplodinium psittaceum.
Diplodinium flabellum,.
Eremoplastron rostratum.
Eremoplastron rotundum.
Eremoplastron bows. ..
Eremoplastron,  brevi-
spinum.
Eremoplastron megalo-
dentatum.
Eudiplodinium maggii.
Metadinium medium .
Elytroplastron bubali .
Ostrocodinium mammo-
sum.
Ostrocodinium gracile .
Ostrocodinium trivesicu-
latum.
Ostrocodinium quadri-
vestculatum.
Ostrocodinium venustum.
Ostrocodinium clipeolum.
Ostrocodinium rugolori-
catum.
Epidinium caudatum .
Epidinium bicaudatum.
Epidinium tricaudatum.
Epidinium quadricaud-
atum.
Epidinium cattanes . . .
Epidinium eberleiny .
Ophryoscolex spinosus..
Isotricha intestinalis . .
Isotricha prostoma . . ..
Dasytricha ruminan-
tium.
Entodintum curtum . ..
Entodinium longinucle-
atum.
Entodinium acutonucle-
atum.
Entodinium contractum.
Entodinium indicum . .
Entodinium nanellum .
Eodinium bilobosum ..

Diplodinium monacan-
thum.

Diplodintum  diacan-
thum.

Diplodinium triacan-
thum.

35

Seat.

Stomach.
Stomach.
Stomach.
Stomach.

Stomach.
Stomach.

Stomach.
Stomach.
Stomach.
Stomach.
Stomach.
Stomach.

Stomach.

Stomach.
Stomach.
Stomach.
Stomach.

Stomach.
Stomach.

Stomach.

Stomach.
Stomach.
Stomach.

Stomach.
Stomach.
Stomach.
Stomach.

Stomach..
Stomach.
Stomach.
Stomach.
Stomach.
Stomach.

Stomach.
Stomach.

Stomach.
Stomach.
Stomach.
Stomach.
Stomach.
Stomach.
Stomach.
Stomach.

D2
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Host.
Bos gaurus.

Cattle .

Capra hircus

.

CILIOPHORA.

Parasite.

Diplodinium tetracan-
thum.

Diplodinium pentacan-
thum.

Diplodinium anisacan-
thum.

Diplodinium minor

Eremoplastron rostra-
tum.

Eudiplodinium maggrs.

Metadinium medium

Metadintum rotunda-
tum.

Ostracodinium gaury

Ostracodinium gracile

Ostracodinium mysorez.

Ostracodinium trivesicu-
latum.

Epidinium caudatum .

Epidintum quadricau-
datum.

Epidinium parvicau-
datum.

Balantidium coli var.
bovis.

Isotricha prostoma

Dasytricha ruminan-
tium.

Entodinium bursa

Entodinium dubardz

Entodintum lobospino-
sum.

Entodintum longinucle-
atum.

Entodinium biconca-
vum.

Entodinium elongatum.

Entodinium laterale

Entodinium rectangu-
latum.

Entodinium anteronu-
cleatum laeve.

Entodinium anteronu-
cleatum monolobum

Entodinium anteronu-
cleatum dilobum

Entodinium caudatum

Entodintum chatterjeer.

Entodinium ekendrse

Entodinium furca dilo-
bum.

Entodinium nanellum

Entodinium ovinum

Entodinium ovoido-
nucleatum.

Entodinium seinar

Entodinium simplex

Seat.
Stomach.

Stomach.
Stomach.

Stomach.
Stomach.

Stomach.
Stomach.
Stomach.

Stomach.
Stomach.
Stomach.
Stomach.

Stomach.
Stomach.

Stomach.
Intestine.

Rumen.
Rumen.

Rumen.
Rumen.
Rumen.

Rumen.
Rumen.

Rumen.
Rumen.
Rumen.

Rumen.

Rumen.
Rumen.
Rumen.

Rumen.
Rumen.
Rumen.
Rumen.

Rumen.
Rumen.
Rumen.

Rumen.
Rumen.



Host.
Capra hircus ...........

Elephas indicus

........

Tragulus meminna

REpPTILIA.
Nicoria trijjuga .........

AMPHIBIA.
Rana cyanophlyctis

Rana esculenta var. chin-
ensis.

Rana hexadactyla

Rana limnocharis .......

INTRODUCTION.

Parasite.
Diplodinium anisacan-
thum.
Diplodinium consors . .
Drplodinium costatum .
Diplodinium crista-
galls.
Eremoplastron rostra-
tum.
Eremoplastron brevi-
spinum.
Eudiplodinium maggii.
Daploplastron affine . ..
Metadinium medium . .
Elytroplastron bubals . .
Epidinium ecaudatum .
Epidinium caudatum. .
Epidinium cattanet . ..
Ophryoscolex tricoro-
natus.
Polydinium mysoreum .
Elephantophilus zeta . .
Entodinum bursa
Entodinium dubards . .
Entodinium ovalis . .
Epidinium ecaudatum .
Epidinitum caudatum. .
Epidinium bicaudatum.
Epidinium tricaudatum,
Epidinium quadricaud-
atum,

Balantidium testudinis.

Opalina coracoidea. . . .
Opalina lata v. cordata.

Opalina ranarum
Nyctotherus macro-
pharyngeus.

Balantidium gracile
Balantidium helenz . .
Cepedea lanceolata
Opalina ranarum
Balantidium giganteum.
Balantidium rotundum.
Opalina lata
Nyctotherus
pharyngeus.
Nyctotherus magnus. . .
Balantidium gracile
Cepedea longa
Opalina lata

........

macro-

.......

.......

Balantidium helenae . .

Nyctotherus cordiformis

Nyctotherus macropha-
ryngeus.

Seat.
Rumen.

Rumen.
Rumen.
Rumen.

Rumen.
Rumen.

Rumen.
Rumen.
Rumen.
Rumen.
Rumen.
Rumen.
Rumen.
Rumen.

37

Cacum and colon.
Cacum and colon.

Stomach.
Stomach.
Stomach.
Stomach.
Stomach.
Stomach.
Stomach.
Stomach.

Large intestine.

Intestine.
Intestine.
Intestine
rectum.
Cloaca.

Rectum.
Intestine.
Rectum.
Rectum.
Cloaca.

and

Small intestine.

Rectum.
Cloaca.

Cloaca.
Rectum.
Rectum.
Intestine
rectum.
Intestine.
Intestine.
Intestine.

and
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Host.
Rana malabarica

Rana tigrina

Rhacophorus maculatus

Bufo cinereus
Bufo macrotis

Bufo melanostictus

Bufo variabilis.

Morvrusca.
Ampullaria globosa

Lamellidens marginalis

CILIOPHORA.

Parasite.

Opalina lata v. cordata.
Nyctotherus cordiformi8
Opalina coracoidea .
Opalina ranarum .

Cepedea seychellensis v.
angusta.
Nyctotherus
pharyngeus.
Nyctotherus magnus v.
malabarica.
Nyctotherus cordiformis
Balantidium duodenz.

macro-

Balantidium elongatum.
Balantidium gracile
Balantidium heleng

Balantidium ranarum .
Balantidium sushilis . .
Cepedea longa

Cepedea thiag:

Opalina virgula . .
Nyctotherus papillatus.

Opalina ranarum
Cepedea sialkott .
Nyctotherus reniformas.
Balantidium amygdalli.
? Zelleriella macro-
nucleata.
Cepedea metcalfi
Cepedea punjabensis
Cepedea seychellensis v.
angusta.
Cepedea subcylindrica
Opalina coracoidea.
Opalina plicata .
Opalina ranarum
Opalina scalpriformais .

Opalina triangularis

Opalina virgula . .

Nyctotherus cordiformais.

Nyctotherus papillatus.
Balantidium bicavata.
Opalina ranarum

Nyctotherus kempi

Balantidium depressum

Conchopthirius curtus

Conchopthirius lamell;-
dens.

Conchopthirius elonga-
tus.

Seat.

Intestine.
Intestine.
Rectum.
Intestine
rectum.
Intestine
rectum.
Rectum.

and

and

Intestine.

Intestine.
Duodenum and
small intestine.
Intestine.
Small intestine.
Rectum and
intestine.
Rectum.
Intestine.
Intestine.
Intestine.
Rectuin.
Intestine
cloaca.
Rectum.
Rectum.
Rectum.

and

Rectum,

Rectum.
Rectum.
Intestine.

Intestine.
Rectum.
Rectum.
Intestine.
Intestine
rectum.
Intestine
rectum.
Intestine.
Intestine
cloaca.
Cloaca.
Rectum.
Rectum.

and

and

and

Rectum.
Rectum.
Mantle-chamber.
Mantle-chamber.

Mantle-chamber.
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Host. Parasite. Seat.
Small gastropods ...... Anoplophrya elongata . Rectum.
Anoplophrya variabilis. Intestine.
Vivipara bengalensis .... Anoplophrya cylindrica Intestinal canal.
ARTHROPODA.
Calotermes militaris. .. . . Nyctotherus termitts .. Intestine.
Culicoides peregrinus . ... Balantidium knowlesii. Ccelom.
Periplaneta americana . . . Nyctotherus ovalis .... Mid-gut and hind-
gut.
Balantidium blattarum. Intestine.
Balantidium ovatum .. Intestine.

ANNELIDA.
.Flosoma chlorostictum

Pheretima hawayana . . ..
Pheretima posthuma . . . . .

Anoplophrya alosomata. Alimentary canal.
Maupasella nova .. ... Alimentary canal.
Anoplophrya lloyd: ... Seminal vesicles.
Maupasella nova .. ... Alimentary canal.
Parabursaria pheretima Seminal vesicles.
PPrRoTOZOA.

Paramecium caudatum .. Spherophrya pusilla .. Cytoplasm.

Technique.

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

Examination in the Living Condition.—It isdesirable to make
observations on the living animals in the first instance. The
specimens are mostly studied in a drop of the natural medium
in which they are found, either under a small cover-slip or as
hanging drop preparations. In such preparations the general
features of the anatomy of the organism can be better inter-
preted than in the dead and preserved animal. It is also
possible to observe the animal from different sides. For that
purpose the cover-slip is carefully removed with the help of
a needle, and through the addition or abstraction of water
the necessary pressure on the organism is regulated. One
has to be careful in these manipulations, especially if the
organism is rather rare or only few specimens are available.
If the water under the cover-slip begins to evaporate, even
partially, the pressure of the cover-slip becomes sufficient
to injure the general form or some particular part, and the
animal is rendered unfit for further study. In some cases the
protoplasm flows out and the organisms are quickly destroyed,
in others the protoplasm does not flow out, but the animals
are killed outright by the gentlest pressure applied to them.



40 CILIOPHORA.

As a rule a preliminary examination of a sample of water
should be carried out with the aid of a centrifuge on the
day the collection is made. With a speed of 2,000 revolutions
per minute almost all the Ciliates in a sample are collected
at the bottom of the tube in about thirty seconds, so that
it is necessary to examine only 1 centimetre of water, which
can be drawn from the bottom of the tube by means of a
pipette. This is rather important if a complete census of
the forms inhabiting a particular sample of water is to be made,
as very often some of the less hardy organisms die off during
the night, especially under the conditions of temperature and
atmosphere in a laboratory.

If the observations have to be interrupted (as, for example,
under the exigencies of class work) it is best to surround the
cover-slip with a ring of wax or vaseline, or transfer the
slide to a moist chamber. A jar with a tight-fitting stopper
and with some wet blotting-paper placed inside it serves
as a simple but effective moist chamber, in which the slidep
can be kept and observations made from day to day.
The organisms will live and continue to multiply in such
a chamber provided they are supplied with their proper food.
In many cases the drop of water containing the organisms
may also contain a certain amount of silt or earthy matter,
and the animal cannot be satisfactorily studied unless this
is removed. For this purpose a noose of cotton-thread or
a loop of fine wire can be used. This is introduced into the
drop of water on a slide, and by pulling away the noose with
the earthy particles the drop very often may be rendered
clear, with the organism swimming freely in it and no longer
able to hide itself among the earthy particles.

Parasitic Ciliates should be examined in the fluid in which
they naturally occur. The contents of the alimentary canal
of an animal may usually be diluted with ordinary physiological
saline solution (0-75 per cent. sodium chloride in distilled
water).

Slowing the Movements.—The various methods for slowing
the movements of rapidly-moving forms, and thus making
possible their study in the living condition, are fully described
by Statkewitsch (1905). For workers in India I (1920)
suggest the use of the mucilage obtained by soaking Ispaghul
seeds (seeds of Plantago ovata). This can be readily obtained in
varying degrees of consistency, and has the further advantage
of being perfectly transparent. It can be added directly
to the drop of water containing the Ciliates on the slide, or,
better still, the seeds may be spread at the bottom of a tube
in a layer about 1-2 cm. thick, and the culture containing
the Ciliates poured on to them to the height of 8-10 cm.,
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when in a day or two, by the diffusion of the mucilage into the
culture, a proper consistency is obtained. If a drop is now
examined under the microscope the Ciliates will be found to
be moving hardly at all, yet without showing any change in
body-form or in the character of the ciliary movement of
the organism. Paramecia and certain other Ciliates show a
positive chemotactic reaction towards this mucilage, and
in a culture that has been standing over the seeds for twenty-
four hours they will be found in large numbers just at the
junction of the culture fluid and the layer of seeds. .

If the culture is allowed to stand in contact with the
Ispaghul seeds for two days or a longer period, the colouring
matter of the seeds also diffuses out into the culture, and the
organisms are thereby stained intra vitam a beautiful brick-red
colour.

The exact position and character of the cytostome and the
character and arrangement of the cilia are often difficult to
determine in the living organism. For the former a little
Indian ink or finely powdered carmine particles is run
under the cover-slip, and for the latter the preparation
may be irrigated with a drop or two of a 1 per cent. solution
of alum. This latter treatment renders the cilia very distinct
but. often kills the organism, so it should be applied only
after other observations have been completed on the living
creature. For studying the stalk and the axial filament of
Vorticellids the addition of a drop or two of 10 per cent.
alcohol gives the best results. Stentor is best observed in an
extended condition by mounting the specimen on a slide,
covering it with a cover-glass, and leaving it overnight in
a moist chamber.

Intra-vitam Staining.—Examination of the living organisms
is facilitated by intra-vitam staining : different parts of the
organism or the contents of the vacuoles are thus coloured
without killing the animal or affecting its movements. For
this purpose “neutral red ’ in very dilute solution (1 in
10,000) may be employed, and it is necessary to add only a
very small quantity of the stain to the fluid containing the
organisms. 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 substances which it stains.

As mentioned above, Ispaghul seeds, when added to the
water containing the Ciliates, will serve to slow their move-
ments as well as to stain them.

Cultivation.—Cultures of PrRoT0z0A have been classified by
Williams as being of three types :—

(1) Mized Cultures—Those that contain the ‘ omnium
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gatherum > of pond or tap water; a heterogeneous
mixture of protozoan, bacterial and fungoid organisms
mixed with lower metazoan forms, such as rotifers,
crustaceans, and so forth.

(2) Pure Mixed Cultures.—These involve the cultivation of
one species of PROTOzoA in association with a pure
strain of one other micro-organism, such as a bacterium
or some other protozoon.

(3) Pure Cultures.—These are cultures of PROT0ZOA grown
in a medium that contains no other organism.

If care is taken to keep up the proper food-supply and to
make up for loss of water by evaporation by the addition of
more water, it is often possible to keep cultures in good con-
dition for several weeks. For pure mixed cultures a decoction
.of dry leaves is prepared and sterilized. The sterilized medium
is then filtered into corked tubes, and a single individual of
the species it is desired to cultivate is isolated underfhe
microscope and transferred to the culture medium. As
the tubes are not sterilized, and are only half filled with the
medium, one or more strains of bacteria soon make their
appearance in the culture, and the Ciliate thrives quite well
in association with them.

For the cultivation of Paramecia and some other freshwater
Ciliates the following methods are usually recommended,
the object being in every case to develop a bacterial flora
which will be suitable for the Ciliate it is desired to cultivate :—

(1) Fill to } height a small glass tumbler with boiled water,
and suspend in it by means of a thread a linen or muslin’
bag containing previously boiled salad-leaves, and
keep the glass covered with a glass plate.

(2) A solution of 0-0125 or 0-025 per cent. of Liebig’s meat
extract may be employed as a culture medium. In
the stronger solution bacterial growth is stronger,
and the culture must be renewed after eight to ten days.
In weaker solutions the culture can continue for about
six weeks.

(3) Obtain a 6-inch by 8-inch battery jar and fill it with
pure distilled water to a depth of 5 or 6 inches. Add
30 or 40 grains of boiled wheat. After several days
a heavy bacterial scum will develop on the surface
of the water. Two days after the scum appears
inoculate by adding Paramecia from another culture.
Paramecia will feed on the bacteria and reproduce
very rapidly. They will clear up the culture in a few
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days and will remain in good condition for some time.
A new culture should be started about once every
month.

Barret and Yarbrough (1921) reported the successful
culture of Balantidium coli for over thirty-two days, during
which time eleven subcultures were made. Schumaker (1931)
has also successfully cultivated the Ciliate on a medium
consisting of 1-0 c.c. of sterile horse serum and 9-0 c.c. of sterile
- Ringer’s solution, following the technique of Rees (1927) and
of Jameson (1927). Various methods for the culture of special
organisms are discussed by Bélar (1928).

Fization and Staining.—Of the reagents commonly employed
the following may be used for fixing : (1) concentrated solution
of corrosive sublimate, hot or cold ; (2) Schaudinn’s sublimate
alcohol (2 parts saturated aqueous solution of corrosive sub-
limate, 1 part absolute alcohol; immediately before use,
add acetic acid to the quantity to be used to the strength of
5 per cent.); (3) Bouin’s fluid (saturated aqueous solution
of picric acid 75 parts, formol 25 parts, and acetic acid 5 parts) ;
(4) Zenker’s fluid (mercuric chloride 5 grms., potassium bi-
chromate 2-5 grms., sodium sulphate 1 grm. in 100 c.c. of
distilled water ; with 2-5 to 5 per cent. of glacial acetic acid
added juet before use); (5) formalin; and (6) vapour of
4 per cent. solution of osmic acid.

Mass Method.—If the Ciliates are abundantly present the
mass method is used for staining them. The fluid containing
the Prorozoa is put in a centrifuge tube and fixative
(twice the quantity of the fluid containing the ProTozoA)
added, and the two well shaken together. The fixative
is allowed to act, and, after centrifuging, the bulk of the
fluid is poured off and the washing fluid (alcohol or water
a8 the case may be) poured on. After again centrifuging
this is poured off, and the process repeated until the fixative
is completely removed. Then the organisms are stained and
dehydrated according to any of the usual methods (such as
the borax-carmine method or Delafield’s haematoxylin method),
centrifuging after each stage. Then clear in clove-oil and
mount in Canada balsam ; for this purpose pure clove-oil
is put in the bottom of the tube and absolute alcohol gently
poured over it, so that the two fluids may not mix. With
a pipette the material to be cleared is added and allowed
to sink down through the media. When it has passed through
the pure clove-oil and reached the bottom of the tube it will
be cleared and ready for mounting.

Centrifuged ProTozoa, especially the parasitic forms, tend
to stick together in masses after fixation. These can be
treated like bits of tissue, embedded in paraffin and cut into
sections.
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Staining under the Cover-slip.—For staining large organisms,
when not abundantly present, the following method is used :—

Wax feet are put at the corners of a square cover-slip, which
is inverted over a drop of water containing the organisms.
The wax feet should hold the cover-slip firmly to the slide.
With a pipette a little fixative is run under one side of the
cover-slip, and drawn through by holding a piece of filter-
paper at the opposite side. When the fixative has had time
to act it is washed out by substituting another fluid (alcohol
or water as the case may be) and drawing this 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. The stain is then run under, allowed to
act, and washed out and differentiated if necessary, the process
being controlled under the microscope. The specimen is
dehydrated and then cleared in clove-oil or xylol, and a very
fluid Canada balsam is run under. It is very important to
see that the transfer from one fluid to another is not too rapid,
as otherwise there is great risk of shrinkage, and also that the
dehydration 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 mins. ; wash in 70 per cent. alcohol,
5 mins. (several changes); stain in borax-carmine, 5 mins. or
more ; differentiate in acid-alcohol, 5 mins. or more ; dehydrate
with 70 per cent., 90 per cent. and absolute alcohol, 5 mins.
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.

Staining the Organisms fixed on a Cover-slip.—Another
method, specially serviceable in the staining of parasitic
organisms, is either to make a number of smears of the fluid
containing the organism on cover-slips, and when the fluid
has partially dried to invert the cover-slips and let them
float on the surface of the fixative contained in a dish, or to
put a small drop of water containing the organism on a cover-
slip and add with a pipette twice the quantity of hot fixative.
When the organisms are fixed on the cover-slips these are
passed successively through the washing fluid, alcohols, stain,
clearing fluid, etc., all these reagents being contained in shallow
dishes. In all these subsequent stages the cover-slip is put
at the bottom of the fluid in the dish, with the face bearing
the organisms upward. Finally, the cover-slips are removed
and put, face downward, on slides on each of which a drop of
Canada balsam has been put. In this way quite a large number
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of smears or preparations can be fixed and stained in practically
the same time as would be taken to make one preparation.

Staining Methods.—The following stains are usually employed
for staining the PROTOZOA :—

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 penetrated ; 15 minutes are usually enough for
small objects. Differentiate in acid alcohol, controlling
under the microscope. Dehydrate, 90 per cent. to absolute
alcohol. Put in 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.—This is suitable for staining
ProTozoa in smears or for staining in mass. FixinSchaudinn’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 h@matoxylin solution to a watch-glass full of
distilled water. Leave in stain for a few minutes to an hour
or more, according to bulk. If overstained, wash out excess
of colour with alcohol containing 1 per cent. nitric or hydro-
chloric acid. The material should be brought up from dis-
tilled water gradually to 70 per cent. alcohol in which there
is a trace of acid. Dehydrate ; clear ; mount.

Heidenhain’s Iron Haematoxylin.—Fix in Schaudinn’s fluid
for 10 to 30 minutes, according to size and permeability of the
object. Bring down through 30 per cent. and 10 per cent.
alcohol to distilled water. The fixative must be thoroughly
washed out. Mordant in 4 per cent. aqueous solution of iron
alum for } hour to 12 hours according to size of organism.
Wash for a second or two in water. Stain in Heidenhain’s
aqueous hematoxylin solution (about 0-5 per cent.) for 30
minutes to several hours. Wash in water. Differentiate in
1 per cent. iron alum solution. Control under microscope.
Wash in running water for at least half an hour. Bring
through alcohols to absolute alcohol. Clear in xylol. Mount
in Canada balsam.

Dobell’s Iron Hamatein.—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 alum 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
hzmatein in 70 per cent. alcohol for 10 minutes. Rinse
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in 70 per cent. alcohol. Differentiate films in original iron
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.

Hamalum and Picro-carmine.—A drop containing the
organisms is spread on a cover-slip, and before the preparation
is dried the cover-slip is inverted over hot corrosive sublimate
solution contained in a watch-glass. The animals will thus be
fixed and will stick to the cover-slip. Then transfer the cover-
slip for 2 minutes to iodine alcohol, 15 to 30 minutes in 70 per
cent. alcohol, 15 minutes in weaker alcohols, to water. Stain
for 5 minutes in dilute hemalum solution (equal parts of
stain and water), keep for 3 minutes in water (till no
more colour comes off), and pass the preparation through
ascending grades of alcohol (5 to 10 minutes in each) ;«or,
after staining and washing off excess of hemalum, staingin
picro-carmine (2 to 3 minutes), wash in water (till no more
colour comes off), and then pass through ascending grades of
alcohol to absolute alcohol. Clear in xylol (5 minutes), and
invert the cover-slip over a slide on which a drop of Canada
balsam has been put.

In simple staining the nuclei are seen with dark-blue
stained chromatin on a clear blue ground, in double staining
on red ground.

. Instead of heemalum alum-carmine can be used, but not in
conjunction with picro-carmine.

Mallory’s Eosin and Methylene Blue.—This is recommended
for sections fixed 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 to 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 recommended for sections
of tissues containing parasites. 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) 2:0 grm., 1 per cent. aqueous
solution of phosphomolybdic acid 100 c.c.) for 10 to 20 minutes
or longer. Wash and differentiate the sections in tap-water,
dehydrate rapidly, clear, and mount.
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Sharp (1914) employed a slightly modified method for
demonstrating the neuromotor system in Ciliates. Lund
(1933) recommends Zenker’s fluid with 2-5 per cent. acetic
acid, staining the sections for 2 minutes in Mallory No. I,
and 1 minute in 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.

Silver Impregnation Methods.—Both the dry silver method
of Klein (1926) and the wet silver method of Gelei and Horvith
(1931) depend on the reduction of silver nitrate by sunlight
depositing colloidal silver on certain structures, which are
thus rendered visible.

(a) Klein’s Dry Silver Method.—Air-dry the smear. Put
the slide in 2 per cent. silver nitrate solution in the dark for
15 to 20 minutes. Rinse in distilled water and expose the slide
to diffuse sunlight, from time to time watching under the
microscope till the ciliary lines are well shown. Finally,
dip the slide in a very weak solution of hyposulphite of soda
(one or two crystals in 100 c.c. of distilled water) for a very
short period (one or two dips will do). Dry the smear again
and mount in Canada balsam.

(b) Gelei and Horvith’s Wet Silver Method.—The following
procedure is suggested by Lund (1933) :—Concentrate the
Ciliates by centrifuging. Fix for 3 minutes in a mixture of
95 c.c. concentrated aqueous solution of mercuric chloride
and 5 c.c. formalin. Wash twice in filtered river-water.
Impregnate for 3 minutes in 2 per cent. solution of silver
nitrate. Without washing, reduce in distilled water by
direct sunlight for 8 minutes. Wash five times in distilled
water. Dehydrate slowly. Pass through absolute alcohol,
clear in xylol, and mount in Canada balsam.

Bresslau’s Method of Staining with Opal Blue.—This gives
very pretty preparations showing the arrangement of the
cilia and other superficial structures. Centrifuge the Ciliates,
and put a drop of water or culture fluid containing a large
number of organisms on a perfectly clean slide. Place close
to it a similar-sized drop of a colloidal anilin blue stain known
as opal blue. Mix the two drops and spread out into a film
either by a needle or a second clean slide, rapidly dry the
films by swinging in the air, and mount in Canada balsam.

Griibler’s ready-made solution of cyanochin (3 parts of
China blue and 1 part of cyanosin in concentrated watery
solution) can be employed in the same way as opal blue.

Geler’'s Osmium-Tolurdin blue Method.—Very instructive
preparations of pellicular structure and ciliary arrangement
are obtained by this method. Fix for 1 to 12 hours in a
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mixture of 10 parts of 2 per cent. osmium-tetraoxide solution
and 1 part of formol (as the mixture rapidly deteriorates, it
should be prepared immediately before use, and fixation
carried on inside an iron cupboard) or in osmic and acetic
acid mixture. After fixing in formol-osmium do not wash,
but put immediately for 1 to 12 hours in potassmm-bmhromate-
alum solution (potassium bichromate 2 grms., potash alum
1 grm., distilled water 100 c.c.), then wash for a short time in
distilled water and keep for 1 to 12 hours in ammonijum
molybdate solution. After washing again in distilled water,
stain for 2 to 4 minutes in a 03 to 0-1 per cent. watery solution
of toluidin blue. Then quickly dehydrate and mount in
Canada balsam. Cilia, basal granules and many other pelli-
cular structures are stained deep blue, while cytoplasm and
nucleus are left uncoloured.
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phylem PROTOZOA.

Subphylum CILIOPHORA.

The subphylum CmuioPHORA is divided into two classes,

as follows :—

1. Provided with cilia throughout life ; ingestion p. 49.
through a cytostome or by osmosis.......... Ciliata Biitsch.,

2. Oilia present only in the young free-swimming
embryos budded off from the adult. Adult A
provided with sucking-tubes or tentacles which [p. 423.
serve for ingestion ................ ... .. ... Suctoria Biitsch.,

Class 1. CILIATA Biitschli.

'The main features of the organisms belonging to this class
have been outlined in the chapter dealing with the general
organization and structure. The class CILIATA is distinguished
from the class SucToRrIA by the cilia, covering the body,
being present throughout life, and by ingestion taking place
through a definite cytostome or through osmosis over the
general surface of the body.

The class is divided into two subclasses, ProTociLiaTA
and EucILIATA, as follows :—

1. Parasitic forms; without a cytostome,
uniformly ciliated, and possessing either

two or many nuclei, the nuclei not being [p- 50.
differentiated into two kinds ........... Protociliata Metcalf.,
2. Freshwater or parasitic forms; the

majority possessing a cytostome, some

without a cytostome, ciliation entire or

confined to various parts of the body ;

nuclear apparatus showing a differentia-

tion into a macronucleus and a micro- [p. 72.
nueleus .....iiiiiiiiii i e Euciliata Metcalf.

ClL, E
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I. Subclass PROTOCILIATA Metcalf.

Parasitic forms, generally found in the alimentary canal
of Amphibia. Body oval or elongated, cylindrical or flattened,
and covered with a uniform covering of cilia, arranged in
longitudinal rows. Cytostome absent, liquid food being
absorbed over the whole surface. Contractile vacuole absent ;
a non-contractile excretory canal present in a few species.
Two or many nuclei present, not showing any differentiation.
The nuclei are vesicular. Each nucleus contains, besides
a nucleolus, a number of large massive chromosomes or
macrochromosomes and small granular chromosomes or
microchromosomes. In the ectoplasm there are numerous
spherules known as cytomicrosomes, and somewhat similar
but smaller granules in the endoplasm are known as endoplasm
spherules. Multiplication takes place by binary fission,
mitotic division of the nuclei being followed by an oblique
longitudinal splitting of the organism. Repeated divisions
in multinucleate forms give rise to small individuals with
a small number of nuclei. These become encysted and are
passed out into the water by their hosts. Tadpoles ingest
these cysts and the Ciliates are set free in the rectum. In the
spring, by repeated divisions, minute uninucleate individuals
are formed, which are differentiated as microgametes and
macrogametes. These conjugate in pairs, and the resulting
zygotes by continued multiplication of the nucleus become
the adult multinucleate organisms.

Metcalf (1918, 1923) has separated the Opalinids from the
.other Ciliates in a separate subclass ProtociniaTa.  The
‘Opalinide are an offshoot from the primitive Ciliata before
the latter had acquired true binuclearity and the subsequent
-dimorphism of nuclei.” Hartog (1906) and Neresheimer (1907 5)
placed the Opalinids among the Flagellates, but Minchin
(1912), Doflein (1916), and other writers have included them
with the astomatous Ciliates. Cépéde (1910) clearly showed
that the Opalinids are not closely related to other astomatous
Ciliates, and Metcalf, as the result of his extensive studies
-on this group, separated them from the other astomatous
Ciliates and placed them in a separate subclass, in order
to give expression to their primitive character. Gatenby and
King (1925) have, however, again revived the claim that
Opalina should be classified among the Flagellates, since
its motile organs are flagellar in nature. Their claim rests
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on their observation that, as in Flagellates, ‘‘ the °cilia’
enter right into the substance of the organism, and take
their origin from the peculiar granules which exist in very
large numbers in the protoplasm of Opalina ” (as shown
in their figure). As against this observation we have the
statement of Metcalf that the kinetoplasm is in the form of
basal granules of the cilia,and that a network of neural fibrilla
connects these. In Protoopalina intestinalis the axial fibre
of each cilium arises from a spherical basal granule which
lies just beneath the pellicle. Bezzenberger (1904) described
basal granules elongated perpendicularly to the pellicle in
Cepedea longa. Metcalf found spherical basal granules in
C. longa. Bhatia and Gulati (1927) found that in Cepedea
melcalfi the basal granules of the cilia, which are extremely
fine. and situated just beneath the pellicle, are not connected
with the endospherules that are situated deeper in the pro-
toplasm ; and the same was also the case in Opalina coracoidea
and Opalina ranarum.
The subclass includes a single family.

Family OPALINIDA Claus.

Metcalf has divided the family into two subfamilies,
as follows :—

[Metc., p. 51.
1. Cylindrical or flattened binucleate forms .. PRrROTOOPALININZE
2. Cylindrical or flattened multinucleate forms. OPALININZE Metc.,
[p. 53.

Subfamily PROTOOPALININA Metcalf, 1923.

Opalinids with cylindrical or flattened body and possessing
only two nuclei.

No members of this subfamily, which includes the genera
Protoopalina and Zelleriella, have been found in India. This
is in accord with the previous findings of Metcalf. Z. macro-
nucleats has been reported by Bezzenberger in Bufo melano-
stictus from “Asia.”” The presence of a Zelleriella in a south-
eastern Asian toad is so strange that Metcalf questions the
Asiatic origin of the host. He considers the possibility of
confusion of labels or of the host in question having become
infected from some South American Anuran. Metcalf opened
thirty-nine specimens of this toad without finding Zelleriella,
and Bhatia and Gulati (1927) have also examined a number
of specimens of Bufo melanostictus, but did not find any
Zelleriella in them.

E2
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Genus ZELLERIELLA Metcalf, 1923.
Zelleriella, Metcalf, 1923, p. 85.
Much flattened binucleate Opalinids. Nuclei large, about
10x in greatest diameter, with few macrochromosomes,

4 to 10 so far observed. Microchromosomes equal or about
equal in number to the macrochromosomes.

1. Zelleriella macronucleata (Bezzenberger). (Fig. 1.)

Opalina macronucleata, Bezzenberger, 1904, pp. 163-5, figs. 14, 15.
Zelleriella macronucleata, Metcalf, 1923, pp. 117-9, figs. 82, 83.

Form ovoidal. Nucleus spherical, diameter of resting
nucleus 12 . Cilia uniform, close, length of cilia 4 u.

Fig. 1.—Zelleriella macronucleata (Bezz.).
(After Bezzenberger.)

Dimensions.—Length 63 u, width 40 u ; thickness of body
30 p.
Remarks—The chromatin in the spherical, resting nucleus
is in the form of two or three large plaques at the surface of
the nucleus, while the rest of the nuclear contents show a finely
reticulate structure. Bezzenberger has figured stages of
mitosis in daughter organisms.
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Habitat.—Rectum of Bufo melanostictus Schneider : Asia
(exact locality not cited by Bezzenberger). Metcalf has
expressed doubt as regards the assigning of this Zelleriella
to Bufo melanostictus from *‘Asia.”

Subfamily OPALININA Metcalf, 1923.
Opalinids with cylindrical or flattened body and possessing
many nuclei.
This subfamily is well represented in Indian frogs and toads.

Key to Indran Genera.

1. Form cylindrical, circular in cross-section.. CEPEDEA Metc., p. 53.
2. Form flattened, ellipsoidal in cross-section.. OravLiNA Purk. & Val.,
[p. 60.

Genus CEPEDEA Metcalf, 1923.

Cepedea, Metcalf, 1920, p. 136; 1923, p. 137; Wenyon, 1926,
p. 1153 ; Calkins, 1926, p. 401 ; Bhatia & Gulati, 1927, p. 89;
Reichenow, 1929, p. 1164.

Multinucleate Opalinids that are circular or nearly so in
cross-section, or at least not uniformly flattened throughout
the body.

The genus Cepedea is cosmopolitan, except that it is at
present not known from Australasia or north-eastern North
America. Discussing the geographical distribution of the
species of this genus Metcalf comes to the conclusion that its
place of origin was probably India or some portion of the
India—Ceylon-Madagascar—Africa bridge. ‘‘ Two-thirds of the
known species of Cepedea are from the Eastern Hemisphere,
a fact which is some indication that the genus arose in the
east. This seems the more true, since we have so scant data
from Southern Asia. Probably the list of eastern species
would be considerably increased if we knew the southern
Asian forms ”’ (Metcalf, 1923, p. 336). Again, on p. 345 of his
work Metcalf observes, ‘‘ It is unfortunate that Indian Anura
have been so little explored for Opalinids, for thorough
knowledge of southern Asian Opalinids m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>