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¢ Our little systems have their day,
They have their day and cease to be ;
They are but broken lights of Thee,
And Thou, O Lord, art more than they.”

TENNYSON, /n Memoriam.
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RPREPFACE,

-0 O OO——

IT is now some ten years since the author, then but a recruit in the ranks
of practical microscopists, elected to concentrate his attention upon the
group of organisms that form the subject of this treatise. At a very early
period of his investigations, formidable obstructions to substantial progress
in the course mapped out, presented themselves in connection not only
with the very backward condition of the literature of this country relating
to this topic, but by reason also of the exceedingly wide and scattered area
of Continental bibliography that had to be explored and sifted before it
was possible to arrive at any adequate idea of the state of contemporary
knowledge concerning almost any given type that might be the subject of
examination. It was the recognition of, and continual contact with these
difficulties that suggested to the author the advantages that would accrue
both to himself and all English-speaking microscopists, from the compilation
of a treatise, brought up to date, that should contain a concise description
of the innumerable species known to science whose descriptions were dis-
tributed throughout many scattered sources, and that led to the efforts,
now carried into execution, to supply this desideratum.

It was in the first instance suggested that this Manual should be based
upon the same lines as the, at the time, only other English treatise devoted
to the subject, ¢ A History of the Infusoria,” by Andrew Pritchard, the fourth
and last edition of which was published so long since as the year 1861 ;
that it should include in a similar manner an account of the several distinct
groups of microscopical organisms known as the Rotifera, Desmidiacez,
Diatomacea, and other Protophytes which form, as being a reproduction
of Ehrenberg’s ¢ Infusionsthiere,” so conspicuous a feature of Mr. Pritchard’s
book. It soon became apparent, however, that to compass so compre-
hensive a task with any degree of efficiency would extend the size of this
treatise far beyond convenient limits, and that indeed more than sufficient
material for a work on the same scale as the one above-named had
accumulated in connection with the Infusoria in the most limited and
restricted sense as represented by the Flagellate, Ciliate, and Tentacu-
liferous Protozoa.

Those readers and subscribers, therefore, who at first sight may
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viii PREFACE.

experience some disappointment at the relatively narrow scope of this
work, will, the-author trusts, find on a closer acquaintance with it, sufficient
compensation in the vastly extended assemblage of forms here included
within the ranks of the true Infusoria as compared with that dealt with in
any pre-existing treatise. The most notable accessions in this connection
are undoubtedly associated with the class Flagellata, hitherto occupying in
our text-books a ver); uncertain status upon the border-land of the animal
and vegetable kingdoms, but which is now shown to include an infinitely
varied series of unquestionable animal forms. All these Flagellata, to
which the author has devoted special attention, are of exceedingly minute
size, requiring the highest magnifying powers of modern construction for
their correct interpretation. The majority of the Flagellate types figured
and described in this treatise, indeed, not only represent the outcome of
the most recent research, but may be regarded also as a first instalment of
the almost inexhaustible harvest that awaits the garnering of the industrious
investigator. It is hoped that this work may in this manner constitute
a fresh basis of departure, and supply an incentive towards the acquisition
of a yet truer and more comprehensive knowledge of the diversified
and exquisitely beautiful representatives of this, excepting to the initiated,
practically invisible world.

For the general Biologist, to whom for the most part the Infusorial
series represents but a single scarcely noteworthy link in the grand scheme
of organic nature, it has been the endeavour of the author to demonstrate
that there yet remain in connection with this group certain side issues of
the highest interest and importance. Should he combine with his general
knowledge of the morphology and embryology of the more highly organized
Metazoic animals, a practical acquaintance with that remarkable order here
figured and described at length under the title of the Choano-Flagellata,
he will scarcely fail to recognize the close bond of affinity that subsists
between these Infusoria and the Sponges, however much the last named
organisms may be apparently modified in the direction of a Metazoic
formula. In connection, again, with the innumerable varieties of ciliated
embryos of the Annelida, Echinodermata, Mollusca, and other Invertebrate
series, there is, as indicated in the opening pages of Vol. II., ample scope
for speculation with respect to the by no means improbable derivation of
these higher organisms from Infusoria Ciliata, of which, in their embryonic
condition, they are indeed, in so many cases, the most remarkable possible
homotypes.

Some apology is perhaps due from the author on account of the very
considerable interval that has elapsed since the first announcement of this
work and its ultimate publication, as also for the delay that has intervened
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between the issue of the first part in October 1880, and the concluding
number in June 1882. With respect to that first named, it may be stated
that the publication, dated November 1878, of Stein’s ‘Infusionsthiere’
Abth. III. Heft 1, devoted to the Flagellata, occasioned an almost complete
recasting of the manuscript referring to this group, then ready for the press,
the work involved being greatly increased through the fact that the
diagnoses and descriptions of the species figured being reserved by Stein
for an as yet unpublished volume, the onus of forming diagnoses from
these figures for the many new forms illustrated, devolved upon the author.
Since, again, the publication of Part I. of this Manual in October 1880, the
energy of Continental investigators in this department of Biology has been
so marked that it became requisite, at the risk of some slight delay, to
make suitable provision both in the text and plates of the later numbers
of the treatise for the record of their discoveries. No more substantial
illustration of this circumstance could perhaps be afforded than by a
reference to Part VI, devoted chiefly to the class Tentaculifera, in which
it will be found that no small space is occupied by the description and
illustration of many new and interesting species described by Maupas so
recently as November 1881, the same number including the results of the
author’s yet later personal investigation of the remarkable type Dendrosoma
radians. Such inconvenience therefore as subscribers may have sustained
in consequence of its tardier issue, they will, the author hopes, consider
to some extent counterbalanced by the considerable augmentation and
continuation literally up to date of the subject-matter of this treatise.

Having during the progress of this work received from numerous
English and American sources an intimation that a few suggestions
respecting the apparatus and means employed by the author for the
effectual investigation of the more minute Flagellate Infusoria would be
greatly appreciated, he has much pleasure in submitting, in connection with
Pl LI, an illustration, with accompanying explanation, of a simple method
whereby, with the least expenditure of manipulative energy, the best results
may be readily obtained. For his first acquaintance yith this method, as
also for the kind permission to make the present use of the same, the
author’s thanks are due to Mr. E. M. Nelson, F.RM.S,, one of our
leading and most experienced experts in the use of the higher powers of
the compound microscope.

The pleasing task yet devolves upon the author of tendering his
grateful acknowledgments to the officers of the libraries of the various
scientific societies, including more especially those of the Royal, Linnean,
and Zoological Societies, as also of the Royal College of Surgeons, for their

* Not received in England till January 1879.
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ready and valuable assistance in working out the voluminous and, in many
cases, exceedingly intricate bibliography of the present subject. He has
also to record his high appreciation of the accurate and highly artistic
manner in which Mr. W. Rhein has reproduced on stone the drawings for
the plates committed to his care.

For an abundant supply of living material for investigation, much of
which has been utilized in the record of new data, and for the illustration
of this Manual, the best thanks are due from the author to Mr. Thomas
Bolton of Birmingham, and to Mr. John Hood of Dundee.

Lastly, but not leastly, the author has to acknowledge his great indebt-
edness to the Council of the Royal Society, through whose recommendation
a grant from the Government Fund for the Promotion of Scientific Research
has been on several occasions allotted him, thus assisting him with the
means of obtaining the necessary costly microscopical apparatus, and of
devoting that time to original research, without which the prolonged
investigations recorded in this treatise, more especially in connection with
the Flagelliferous Infusoria, could scarcely have been accomplished.

LONDON, May 1882.
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MANUAL OF THE INFUSORIA.

CHAPTER L.

INTRODUCTORY—GENERAL HISTORY OF THE INFUSORIA FROM THE TIME
OF THEIR DISCOVERY BY LEEUWENHOEK IN 1675 TO THE YEAR 1880.

INAPPRECIABLE individually to the unaided vision, the countless hosts of
the Infusorial world, more familiar perhaps to the popular mind under
the designation of animalcules, or animalcula, surround us literally on
every side. They abound in the full plenitude of life alike in the running
strcam, the still and weed-grown pond, or the trackless ocean. Nay,
more, as demonstrated in a future page* every dew-laden blade of
grass supports its multitudes, while in their semi-torpid encysted or
sporular state they permeate as dust the atmosphere we breathe, and
beyond question form a more or less considerable increment of the very
food we swallow. Yet again, and apparently as the inevitable corollary of
the last-named circumstance, they occur abundantly as parasites within the
viscera or vital fluids of the representatives of almost every higher organic
group. Essentially dependent on a liquid medium for the exhibition of
their vital functions, there is practically, the simple conditions of air and
moisture being granted, no limit to the area of their distribution, no field
so barren but will yield its quota of strange and varied forms to the
industrious explorer. For the professional biologist and the dilettante
investigator alike, the members of this intangible and yet omnipresent
group of organisms present a fascination unshared by any other section of
the organic world. Their very intangibility and practically inexhaustible
variety—each improvement and augmentation of the penetrating power of
the optical appliances yet employed enabling us to discover, as in the sister
science of astronomy, “fresh fields and pastures new” for exploration—no
doubt represent important factors in this power of fascination, though
by no means the most influential ones. With the Infusoria we encounter
not only the as yet known most minute, but also the most elementary and
simply formed productions of the Creator’s handiwork, though, for all that,
none the less complete and excellently finished. Among the Infusoria,

* See p. 140.
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making a frce adaptation of the admirable thesis propounded by the illus-
trious Oken, we find in their primeval shape the very bricks and mortar
out of which the entire superstructure of the organic world has been
erected. So early as the year 1803, long before the conception of the
unicellular nature of the Infusoria by Theodor von Sicbold, this astute
philosopher, the co-originator with Goethe of the vertebrate theory of
the skull, had enunciated the opinion that the infusorial animalcules
consisted of simple cells or vesicles, and formed the protoplasmic basis
from whence all higher organisms were fashioned or evolved, and into
which condition of simple cells or vesicles these same higher organisms
were again resolved by the process of dissolution. The divine fiat, “ Dust
thou art, and unto dust thou shalt return,” thus received unconsciously at
the hands of Oken a practical and truly remarkable illustration. Finally,
among the world of Infusoria we arrive at that dim boundary line, too
subtle and obscure for arbitrary definition, that separates, or more correctly
blends into one harmonious whole, the two departments of the animal and
vegetable worlds; and here, morcover, with all reverence be it said, we
approach, if anywhere, the confines of the organic and inorganic, and are
brought face to face with that already half-lifted veil behind which lies,
waiting to reward our patient search, the very clue to the deep mystery of
Life itself. '

Postponing to a succeeding chapter a detailed account of the structural,
developmental, and other vital phenomena pertaining to the Infusoria, as
made manifest by the light of modern investigation, it has been decided
that some space in the first instance might be advantageously devoted to a
brief epitomization of the more important epochs in the history of these
minute organisms, as accumulated step by step from the time of their earliest
discovery. As a matter of necessity, man’s acquaintanceship with the puny
members of this organic group has been comparatively short, and is co-ex-
tensive only with the invention and practical application of the microscope.
None of the myriad forms—though in some few instances conspicuous in
their concrete state or discernible individually by the unassisted vision, as
mere moving points—yield up the secret of their separate organization and
life-history without the aid of that most invaluable and indispensable
auxiliary to biological discovery. In like manner, our present advanced,
though still far from perfect knowledge, of the Infusoria has been acquired
by slow degrees, and contemporaneously with the improvements made upon
that instrument, each successive stage of progress achieved in this direction
representing, indeed, but a reflex of the higher perfection of the appliances
placed from time to time at the disposal of the histologist through the
augmented skill of the optician. It is much to be regretted that authentic
cvidence is wanting that can identify with absolute certainty the first
inventor of the microscope, or rather of those simple spheres of glass
or doubly convex lenses, mostly home made, employed over two centuries
ago, with which in the hands of the earlicst investigators, as presently



LEEUWENHOEK'S OBSERVATIONS. 3

related, such truly astonishing results were obtained, and out of which
the highly perfected optical instruments of the present day have, by slow
and tedious steps, been finally elaborated. Fontana, of Naples, Cornelius
Drebell, the Dutchman, and Zacharius Jansen and son, fellow-country-
men of Drebell, have thus alike been respectively credited by different
authorities with this distinction. However this may be, it is at all events
generally conceded that the microscope, in its simplest form, was first
brought into public notice in or about the year 1619. Regarded at this
early date in the mere light of an ingenious and interesting toy, little or no
promise was then given of the important réle in the onward march of
science it was afterwards destined to fulfil. Nearly half a century, indeed,
elapsed before its aid was invoked for the systematic exploration of the
hidden mysteries of nature. With-the exception, perhaps, of the Italian
philosopher Petrus Borellus, our own countryman Dr. Robert Hooke,
author in the year 1665 of the famous ¢ Micrographia Illustrata,’ claims the
first place in the ranks of scientific microscopic investigators. The dis-
covery of the minute organic beings that form the special subject of this
treatise, fell, however, a few years later to the lot of the illustrious Dutch-
man Antony van Leeuwenhoek. The accounts of the animalcules first
observed, as given by Leeuwenhoek and a few other investigators who,
animated by his example, towards the close of the seventeenth century
devoted their attention to the further exploration of this fascinating and
then newly opened field for discovery, possess intrinsically such high classic
interest, and display, notwithstanding the simple and imperfect character
of the optical appliances employed, so keen an insight into, and appreciation
of, the structural features and phenomena of the various forms encountered,
that quotations from the same, with a faithful reproduction of their original
quaint style of diction, are herewith appended ¢7 extenso. Leeuwenhoek’s
earliest contribution to the literature of this subject necessarily takes the
first place upon the list, and is found embodied in the ‘Philosophical
Transactions,” vol. xii. No. 133, for the year 1677. The title of his first
record and associated account of the various species therein described runs
as follows :—

“Observations communicated to the Publisher by Mr. Antony van Leeuwenhoek, in
a Dutch letter of the gth of October, 1676, here Englished, concerning little
animals observed in Rain, Well, Sea, and Snow Water, as also in Water wherein
Pepper had lain infused.”

OBSERVATION I.

“In the year 1675 I discovered living creatures in rain-water which had stood
but four days in a new earthen pot, glased blew within. This invited me to view this
water with great attention, especially those little animals appearing to me ten
thousand times less than those represented by Mons. Swammerdam, and by him called
water-fleas or water-lice, which may be perceived in the water with the naked eye.
The first sort by me discovered in the said water, I divers times observed to consist
of 5, 6, 7, or 8 clear globules, without being able to discover any film that
held them together, or contained them. When these enimalcu/a or living atoms

B
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did move, they put forth two little horns, continually moving themselves ; the place
between these two horns was flat, though the rest of the body was roundish, sharpen-
ing a little towards the end, where they had a tayle, near four times the length of the
whole body, of the thickness (by my microscope) of a spider's web ; at the end of
which appear’d a globul, of the bigness of one of those which made up the body ;
which tayl I could not perceive, even in very clear water, to be mov'd by them.
These little creatures, if they chanced to light upon the least filament or string, or
other such particle, of which there are many in the water, especially after it hath
stood some days, they stook entangled therein, extending their body in a long round,
and striving to dis-entangle their tayle ; whereby it came to pass, that their whole body
lept back towards the globul of the tayle, which then rolled together serpent-like, and
after the manner of copper or iron-wire that having been wound about a stick, and
unwound again, retains those windings and turnings. This motion of extension and
contraction continued a while ; and I have seen several hundreds of these poor little
creatures, within the space of a grain of gross sand, lie cluster’d together in a few
filaments.

T also discovered a second sort, the figure of which was oval, and I imagine their
head to stand on the sharp end, these were a little bigger than the former. The
inferior part of their body is flat, furnished with divers incredibly thin feet, which
moved very nimbly and which I was not able to discern till after several Observa-
tions. The upper part of the body was round, and had within 8, 10, or 12
globuls, where they were very clear. These little animals did sometimes change their
figure into a perfect round, especially when they came to lie on any dry place. Their
body was also very flexible ; for as soon as they hit against any the smallest fibre or
string, their body was bent in, which bending presently also jerked outagain. When I
put any of them in a dry place, I observ’d, that changing themselves into a round,
their body was raised pyramidal-wise with an extant point in the middle, and having
lain thus a little while with a motion of their feet, they burst asunder, and globuls
were presently diffus’d and dissipated, so that I could not discern the least thing of
any film, in which the globuls had doubtless been inclosed: And at this time of
their bursting asunder I was able to discover more globuls than when they were
alive.

“But then I observ’d a #ird sort of little animals, that were twice as long as
broad, and to my eye yet eight times smaller than the first. Yet for all this, I
thought I discerned little feet, whereby they moved very briskly, both in a round and
streight line.

«There was further a fourth sort, which were so small that I was not able to give
them any figure at all. These were a thousand times smaller than the eye of a big
louse ; For I judge, the axis of the eye of such a louse to be more than ten times
as long as the axis of any of the said little creatures. These exceeded all the
former in celerity. I have often observ’d them to stand still as 'twere upon a point,
and then turn themselves about with that swiftness, as we see a top turn round, the
circumference they made being no bigger than that of a small grain of sand. and
then extending themselves streight forward, and by and by lying in a bending
posture.

Osserv. II.

““The 26. May it rained hard ; the rain growing less I caused some of the rain-
water, running down from the house top. to be gathered in a clean glass. after it had
been washed two or three times with the water. And in this I observed some few
very little living creatures, and seeing them, I thought they might have been pro-
duced in the leaden gutters in some water that had there remained before.

Osserv. III

“On the same day, the rain continuing, I took a great porcelain-dish, and
exposed it to the free air upon a wooden vessel, about a foot and a half high, that
so no earthy parts, from the falling of the rain-water upon that place, might be
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* spattered or dashed into the said dish. With the first water that fell into the dish,
I washed it very clean, and then flung the water away, and receiv’d fresh into it, but
could discern no living creatures therein ; only I saw many irregular terrestrial parts
in the same. The 3oth of May, after I had, ever since the 26th, observ'd every day
twice or thrice the same rain-water, I now discovered some but very few, exceeding
little animals, which were very clear. The 31st of May, I perceived in the same
water more of those animals, as also some that were somewhat bigger. And, I
imagine, ‘that many thousands of these little creatures do not equal an ordinary grain
of sand in bigness: And comparing them with a cheese-mite, to be like that of a bee
to a horse : For, the circumference of one of these little animals in water, is not so
big as the thickness of a hair in a cheese-mite.

OBserv. IV,

“June gth, having received, early in the morning, some rain-water in a dish,
as before, and poured it into a very clean wine-glass, and exposed it about 8 of the
clock in the morning to the air, about the height of the third story of my
house, to find, whether the little animals would appear the sooner in the water,
thus standing in the air: Observing the same accordingly the 1oth of June,
I imagin’d I saw some living creatures therein ; but because they seem’d to be but
very few in number, nor were plainly discernible, I had no mind to trust to this
observation. The 11th of the same month, seeing this water move in the glass from
a stiff gale of wind (which had blown for thirty-six hours without intermission,
_ accompanied with a cold, that I could very well endure my winter-cloaths,) I did
not think I should then perceive any living creatures therein ; yet viewing it atten-
tively, I did, with admiration, observe a thousand of them in one drop of water,
which were of the smallest sort, that I had seen hitherto.

OBSERV. V.

“The oth of June I put of the same rain-water in a very clean wine-glass on my
counter of study, and viewing the same, I perceived no living creatures in it.

“The 1oth of June, observing the mentioned rain-water, which now had stood
twenty-four hours in my study, I noted some few very small living creatures in
which by reason of their extreme minuteness I could see no figure, and among the
rest I discovered one that was somewhat greater, of an oval figure. MVof, that when
I say I have viewed the water, I mean, that [ have viewed only three, four, or five
drops of the water, which I also flung away.

“ The 11th of June, looking upon the water afresh, I saw the said little creatures
again, but there were then but very few of them.

“The 12th, I saiv them as the day before; besides I took notice of one figured
like a mussel-shell, with its hollow side downwards, and it was of a length equal
to the eye of a louse.

Osserv. VI

“The 17th of this month of June it rained very hard ; and I catched some of
that rain-water in a new porcelain-dish, which had never been used before, but found
no living creatures at all in it, but many terrestrial particles, and, among others,
such as I thought came from the smoak of smith’s-coals and some thin thrids, ten
times thinner than the thrid of a silk-worm, which seemed to be made up of globuls ;
and where they lay thick upon one another, they had a green colour. The 26th,
having been eight days out of town, and kept my study shut up close, when I was
come home and did view the said water, I perceived several animalcula, that were
very small, and herewith I desisted from makingat this time any further observations
of rain-water.

“ Mean time, this town of Delit being very rich in water and we receiving from
the river Maase fresh water, which maketh our water very good ; I viewed this water
divers times, and saw extream small creatures in it, of different kinds and colours ;
and even so small, that I could very hardly discern their figures: But some were
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much bigger, the describing of whose motion and shape would be too tedious :
this only I must mention here, that the number of them in this water was far less
than that of those found in rain-water ; for I saw a matter of twenty-five of them in
one drop of this town-water, that was much. In the open court of my house I have
a well which is about 15 foot deep, before one comes to the water. It is encompassed
with high walls, so that the sun, though in Cancer, yet can hardly shine much upon
it. This water comes out of the ground, which is sandy, with such a power, that
when I have laboured to empty this well, I could not so do it but there remained
ever a foot’s depth of water in it. This water is in summer time so cold, that you
cannot possibly endure your hand in it for any reasonable time. Not thinking at
all to meet with any living creatures in it (it being of a good taste and clear), looking
upon it in September of the last year, I discovered in it a great number of living
animals, very small, that were exceeding clear, and a little bigger than the smallest
of all that I ever saw ; and I think, that in a grain weight of this water there were
above goo of these creatures, which were very quiet and without motion. In the
winter I perceived none of these little animals, nor have I seen any of them this
year before the month of July, and then they appeared not very numerous, but in
the month of August I saw them in great plenty.

“July 27, 1676, I went to the sea-side at Schevelingen, the wind coming from the
sea with a very warm sun-shine ; and viewing some of the water very attentively, I
discovered divers living animals therein. I gave to a man, that went into the sea
to wash himself, a new glass bottle, bought on purpose for that end, intreating him,
that being on the sea, he would first wash it well twice or thrice, and then fill it full
of the sea water ; which desire of mine having been complied with, I tyed the bottle
close with a clean bladder, and coming home and viewing it, I saw in it a little
animal that was blackish, looking as if it had been made up of two globuls. This
creature had a peculiar motion, after the manner as when we see a very little flea
leaping upon a white paper ; so that it might very well be called a water-flea ; but
it was by far not so great as the eye of that little animal which Dr. Swammerdam
calls the waterflea. I also discovered little creatures therein, that were clear, of
the same size with the former animal which I first observed in this water, but of an
oval figure, whose motion was serpent-like. I took notice of a third sort, which
were very slow in their motion: Their body was of a mouse-colour, clear towards
the oval point; and before the head, and behind the body there stood out a sharp
little point angle-wise. This sort was a little bigger. But there was yet a fourth
sort somewhat longer than oval. Vet of all these sorts there were but a few of
each, so that in a drop of water I could see sometimes but three or four, sometimes
but one.

“ Observations of walter, wherein whole Pepper had layn infused several dayes.

“ 1. I having several times endeavoured to discover the cause of the pungency
of pepper upon our tongue, and that the rather because it hath been found, that
though pepper had layn a whole year in vinegar, yet it retained its full pungency; 1
did put about } of an ounce of whole pepper in water, placing it in my study, with
this design, that the pepper being thereby rendered soft, I might be enabled the
better to observe what I proposed to myself. The pepper having layn about 3
weeks in the water, to which I had twice added some snow-water, the other water
being in great part exhaled ; I looked upon it the 24. of April 1676, and discovered
in it, to my great wonder, an incredible number of little animals of divers kinds ;
and among the rest some that were 3 or 4 times as long as broad ; but their whole
thickness did, in my estimation, not much exceed that of the hair of a louse. They
had a very pretty motion, often tumbling about and sideways ; and when I let the
water run off from them, they turned as round as a top, and at first their body
changed into an oval, and afterwards, when the circular motion ceased, they
returned to their former length.

“The 26th of April I took 2} ounces of snow-water, which was almost three
years old, and which had stood either in my cellar or study in a glass bottle well
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stopped. In it I could discover no living creatures: And having poured some of it
into a porcelain thea-cup, I put therein half an ounce of whole pepper, and so I
placed it in my study. Observing it daily until the 3rd of May, I could never
discover any living thing in it; and by this time the water was so far evaporated,
and imbibed by the pepper, that some of the pepper-corns began to lye dry. This
water was now very thick of odd particles ; and then I poured more snow-water to
the pepper, until the pepper-corns were coverd with water half an inch high.
Whereupon viewing it again the 4th and sth of May, I found no living creatures in
it ; but the 6th I did very many, and these exceeding small ones, whose body seemed
to me twice as long as broad ; but they moved very slowly and often roundways.

“The 7th I saw them yet in far greater numbers.

“The 1oth I put more snow-water to the pepper, because the former was again
so exhaled, that the pepper-corns began to dry again.

“The 13th and 14th I saw the little creatures as before ; but the 18th the water
was again so dryed away, that it made me pour in more of it. And the 23rd I
discovered, besides the aforesaid little animals, another sort, that were perfectly
oval, and in figure like cuckow-eggs. Me thought the head of them stood on the
sharp end : their body did consist, within, of 10, 12 or 14 globuls, which lay separate
from one another. When I put these enimalula in a dry place, they then changed
their body into a perfect round and often burst asunder, and the globuls, together
with some aqueous particles, spread themselves everywhere about, without my being
able to discern any other remains. These globuls, which in the bursting of these
creatures did flow asunder here and there, were about the bigness of the first very
small creatures. And though as yet I could not discern any feet in them, yet
me thought, they must needs be furnished with very many, seeing that the smallest
creatures, which I said before to be very plentiful in the water, and lay sometimes
more than 1oo of them on one of the oval creatures, were by the motion made in
the water by the great ones (though to my eye they seem’d to lye still) driven away
by them as we blow a feather from our mouth. Of the same oval creatures I never
could discover any very little ones, how attentive soever I was to observe them.

“The 24th of May observing this water again, I found in it the oval little
animals in a much greater abundance. And in the evening of the same day, I
perceived so great a plenty of the same oval ones, that 'tis not one only thousand
which I saw in one drop ; and of the very small ones, several thousands in one drop.*

“The 25th I saw yet more oval creatures: and the 26th I found so vasta plenty
of these oval creatures, that I believe there were more than 6 or 8coo in one drop,
besides the abundance of those very little animals whose number was yet far greater.
This water I took from the very surface ; but when I took up any from beneath, I
found that not so full of them by far. Observing that these creatures did augment
into vast numbers, but not being able to observe them increase in bigness, I began
to think whether they might not in a moment, as 'twere, be composed or put
together : But this speculation 1 leave to others. The 26th of May at night, I
discovered almost none of the little creatures, but saw some with tayls, of which I
have spoken heretofore, to have seen them in rain-water : But there drove in the
water throughout an infinity of little particles, like very thin hairs, only with this
difference, that some of them were bent.

“May the 26th, I took about } of an ounce of whole pepper, and having
pounded it small, I putitinto a thea-cup with 2} ounces of rain-water upon it, stirring
it about, the better to mingle the pepper with it, and then suffering the pepper to
fall to the bottom. After it had so stood an hour or two, I took some of the water,
before spoken of, wherein the whole pepper lay, and wherein were so many several
sorts of little animals ; and mingled it with this water, wherein the pounded pepper
had lain an hour or two, and observed that when there was much of the water of
the pounded pepper, with that other, the said animals soon died, but when little they
remained alive.”

* ¢¢ This phenomenon and some of the following ones seeming to be very extraordinary, theauthor
hath been desired to acquaint us with his method of observing, that others may confirm such
observations as these.”
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Although it is scarcely possible to fix with certainty the specific identity
of the numerous animalcules enumerated by Leecuwenhoek in the foregoing
“ Observations” in various instances, the characters recorded are so well
defined as to clearly indicate the generic group to which the organism de-
scribed should be relegated. Taking, for example, the first form encoun-
tered by him in rain-water, having a globular body with two little anterior
horns and a long thread-like tail, which under certain conditions contracted
into a spiral form, there can be no question that this type represents some
species of Vorticella, or bell-animalcule, and is apparently identical with the
form now known by the distinctive title of Vorticella microstomum. While
the recorded presence of the two anterior “horn-like processes” appears at
first sight to represent a somewhat anomalous structural characteristic,
this seeming incongruity vanishes on applying to it the standard of a
slightly later acquired knowledge of the members of this infusorial group,
and through which medium it is at once made evident that the appendages
above referred to as seen by Leeuwenhoek represented merely the imper-
fectly defined optical aspect of the lateral edges of the characteristic peri-
stomal fringe of cilia. As a remarkable illustration of the manner in which
“history repeats itself” even in the annals of scientific discovery, it may be
here noted that a precisely similar error of interpretation is associated by
Mr. H. J. Carter, close upon two centuries later, in his figure and description of
the flagellate organism described in this volume under the name of Salpingaca
Carteri (see Pl VI. Fig. 39). The characteristic membranous collar dis-
tinctive of this type and its allies, which occupies a position corresponding
with that of the ciliary wreath of a Vorticella, is so exceedingly transparent
as to be distinctly visible only with the aid of the highest magnifying
powers of the modern compound microscope. The structure as observed by
Mr. Carter with inadequate magnification, displayed simply its two lateral
peripheries, assuming under such conditions the aspect of two projecting
ear-like processes, and under which latter designation they are chronicled in
the description quoted. The second oval form described by Ieeuwenhoek
as furnished on the under side with divers incredibly thin feet, and having
a soft flexible body capable of assuming a variety of figures, would appear
to be a species of Oxytricka, while in the little animal like a mussel-shell,
having also on its under side little feet, recorded in the course of his fifth
Observation, is at once recognized a form closely allied to, if not specifically
identical with the cosmopolitan type S#ylonychia mytilus. 1t is well worthy
of note, that while Leeuwenhoek in this first recorded account of the
members of the infusorial world more usually associates with them the
vague terms of little animals or creatures, he employs for them at the
commencement of his discourse that of ¢ animalcula,” or, in English,
animalcules, generally adopted in conjunction with that of the Infusoria
by the majority of later writers. In his observations of various species
discovered by him’in an infusion of pepper we finally find the ozigin of the
burning question of the possible “spontaneous generation ” of these minute
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beings, and which, while not entirely accepted by Leeuwenhoek, is conceived
and tossed by him as a very apple of discord to posterity.*

The period intervening between this first discovery of the Infusoria by
Lecuwenhoek, and his further contribution to the literature of the same
subject in the year 1703, is signalized by the corroboration of that autho-
rity’s observations, and an cxtension of our knowledge of the group, at the
hands of several of our own countrymen, among whom have to be more
especially mentioned the names of Sir E. King, John Harris, and Stephen
Gray. In each case the results obtained by these early investigators are
recorded in the pages of the ¢Philosophical Transactions,” and in connec-
tion with one contribution, that of Sir E. King, is to be found the first
published illustration of infusorial life. The form thus represented was
obtained in an infusion of pepper, and appears to be identical with the
Enchelys arcuata of Ehrenberg. This authority also places on record the
results of the experimental application of certain chemical and other sub-
stances to living animalcules, a subject which will be found referred to
at greater length in the section devoted to this special topic. The account
of John Harris’s investigations contained in the ‘Philosophical Transac-
tions’ for the year 1696, embodies the earliest description given of Euglena
viridis, and some remarkably shrewd and philosophic speculations as to the
manner in which Infusoria were so rapidly and unaccountably developed.
These latter were altogether opposed to the then newly-conceived theory of
spontaneous generation, and, as hereafter shown, add their weight to the
evidence which has been since adduced in a similar direction. Mr. Harris's
description of Euglena and certain other associated forms, that first men-
tioned being evidently a species of Anguillula, and the second a Rotifer,
probably R. vulgaris, is as follows :—

“ On July 7th, 1694, I examined a small drop of rain-water that had stood in a
gally-pot in my window for about two months. In the thick part of the drop—for
the water from whence I took it had contracted a thickish skum—1I found two sorts
of animals as a kind of eels like those in vinegar. I saw here also an animal like a
large maggot, which would contract itself up into a spherical figure, and then stretch
itself out again ; the end of the last appeared with a forceps like that of an earwig ;
and I could plainly see it open and shut its mouth, from whence air-bubbles would
frequently be discharged. Of these I could number about four or five, and they
seemed to be busie with their mouths as if in feeding. April 27th, 1696. With a
much better microscope I examined some rain-water that had stood uncovered a
pretty while, but had not contracted any such thick and discoloured a skum as that
before mentioned had. A little thin white skum, that like grease began to appear on

* In association with the discoveries of I.eeuwenhoek here recorded, it is worthy of remark that
a cabinet of the microscopes, to the number of twenty-six, as self-constructed and employed by that
investigator, and consisting of simple doubly convex lenses, were originally presented by him to the
Royal Society of England, but have long since been lost sight of, The latest tidings of them would
appear to be furnished by Mr, Henry Baker, who in his work, ¢ The Microscope Made Easy,’ pub-
lished in the year 1783, attests to having had these glasses under examination away from the Society’s
premises and at his own private residence. The recovery of such precious heirlooms, and the recon-
signment of the same to their former custody, or among the series of optical instruments belonging
to the Royal Microscopical Society, where perhaps they would be cven more highly prized, is a
consummation most devoutly to be wished, and may possibly be helped forward by this notice.
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the surface, I found to be a congeres of exceeding small animalcula of different
shapes and sizes. At the same time I look’t on a small drop of the green surface of
some puddle-water, which stood in my yard ; this I found to be altogether composed
of animals of several shapes and magnitudes. But the most remarkable were those
which I found gave the water that green colour, and were oval creatures, whose
middle was of a grass green, but each end clear and transparent. They would
contract and dilate themselves, tumble over and over many times together, and then
shoot away like fishes. Their head was at the broadest end, for they still moved
that way. They were very numerous, but yet so large, that I could distinguish them
very plainly, with a glass that did not magnify very much.

« April 29th, 1696. I found another sort of creatures in the water (some of which
I had kept in a window, in an open glass). They were as large as three of the
other, with the green border about their middles, but these were perfectly clear and
colourless. Then also examining more accurately the belts or girdles of green that
were about the animals, mentioned above, I found them to be composed of globules,
so like the rowes or spawn of fishes, that I could not but fancy that they served for the
same use in the little creatures : For I found now since April 27. many of them with-
out anything at all of that green belt or girdle ; others with it very much and that
unequally diminished, and the water filled with a vast number of small animals,
which before I saw not there, and which I now looked on as the young animated
frye, which the old ones had shed. I continued looking on them at times for two
days, during which time the old ones with the green girdles decreased more and
more ; and at last I could not see one of them so encompassed, but they were all
clear and colourless from end to end.

“May 18th, 1696. I look’t in some of the surface of puddle-water which was
blewish, or rather of a changeable colour, between blew and red. In a large
quantity of it I found a prodigious number of animals, and of such various bignesses,
that I could not but admire their great number and variety ; but among these were
none with those girdles before-mentioned, either of green, or any other colour. I then
also examined the surface of some other puddle-water, that look’t a little greenish ;
and this I found stockt with such an infinite number of animals, that I yet never
saw the like anywhere but in the Genitura masculina of some creatures. Among
these there were many of a greenish colour ; but they all moved about so strangely
swift, and were so near to each other, that tho’ I tried my eyes, I could not distin-
guish whether the green colour were all over their bodies, or whether it were only
round their middle in girdles, as before, but from the roundness of their figure and
their smallness, I judge that they chiefly consisted of the young animated spawn of the
kind of animals mentioned already. I found that the point of a pin dipt in spittle
would presently kill them all; as I suppose it will other animalcula of this
kind.”

The interest attached to the writings upon this same subject of Stephen
Gray, published also in the same volume of the Philosophical Transac-
tions’ for the year 1696, is connected most prominently with the discovery
made by this early investigator, that particles contained within a simple
sphere of glass, or animalcules contained ina corresponding globule of water,
become when viewed under favourable conditions more powerfully magnificd
than with the assistance of any ordinary bi-convex lens. Several varicties
of animalcules were described by Stephen Gray, as examined by him with
this most simple optical apparatus, among them being a form, appa-
rently the Halteria grandinella of Dujardin, in association with which he
places on record the earliest account of what, while interpreted by him as
a possible act of generation, was more probably an instance of the more
ordinary phenomenon of transverse fission, A brief abstract, in his own
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words, of Stephen Gray’s account of his discoveries in these several direc-
tions is herewith subjoined :—

“ T know not well how at this time to account for this strange phenomenon, that
an object should be placed so far within the focus of a spherule, as to be within the glass,
and yet seen distinctly to the eye so near it; but since by matter of fact, I found it was
so, I made this inference, and concluded, that if I conveyed a small globule of water
to my eye, and that there were any opacous or less transparent particles than the
water therein, I might see them distinctly.

“Exp. 4. Having by me a small bottle of water, which I knew to have in it some
of those minute insects, which the deservedly famous observator Mr. Leeuwenhoek dis-
covered, by the help of excellent microscopes. Having seen them with the common
glass microscopes, and with the first aqueous, as above mentioned, I poured a few drops
of this water on the table, and taking a small portion thereof on a pin, I laid it on the
end of a small piece of brass wire, of about one-tenth of an inch diameter. I con-
tinued to lay on two or three portions of water, till there was formed somewhat more
than an hemispherule of water ; then keeping the wire erect, I applied it to my eye,
and standing at a proper distance from the light, I saw them and some other irre-
gular particles, as I had predicted, but most enormously magnified ; for whereas they
are scarce discernible by the glass microscopes, or the first aqueous one, within the
globule, they appeared not much different both in their form, nor less in magnitude
than ordinary peas. They cannot well be seen by daylight except the room be
darkened, after the manner of the famous dioptrical experiment, but most distinctly
by candle-light; they may be very well seen by the full moon light, and the pin
sometimes takes up the water round enough to shew its objects distinct.

“ The insects I have yet this way observed, are of two sorts, globular and ellipti-
cal : T shall first describe the former. They are of a globular form, they are but a little
less transparent than the water they swim in; they have sometimes two dark spots
diametrically opposite, but these are rarely seen ; there are sometimes two of these
globular insects sticking together ; where they are joined ’tis opacous, possibly they may
be in the act of generation ; they have a twofold motion, a swift progressive irregular
one, and at the same time a rotation on their axes at right angles to the diameter
that has the dark spots, but this is seen only when they move slowly. They are
almost of an incredible minuteness. Mr. Leeuwenhoek is moderate enough in his com-
putation, when he tells us * he saw insects in water, so small, that 30,000 could not
more than equal a coarse sand ; but I believe it will seem a paradox to him, when
one that tells him so shall at the same time say, that he can see them by only
applying the bare eye, to a portion of water wherein they are contained.”

In the year 1703 Leeuwenhoek contributed to the ¢ Philosophical Trans-
actions’ an account of several species of animalcules observed by him on
the roots of duckweed obtained from the River Maes at Delf-haven in
Holland, which was accompanied by woodcut illustrations of the various
forms encountered. Among them are especially conspicuous a species of
Vorticella, apparently V. nebulifera, and a tube-dwelling variety allied to,
if not identical with Vaginicola crystaliina. In addition to the true Infusoria
above named, Leeuwenhocek figured and described for the first time the Fresh-
water Polyp (Hydra) and a large sedentary Rotifer most nearly resembling
Limnias ceratoplylli. The majority of these types are represented as
adherent to a single rootlet of duckweed, having interspersed among them
several acicular diatoms (Fragillaria), and a few other exceedingly minute
stalked particles referred to by him as “ little flower-like figures,” and which

* ¢ Phil. Trans.,” No. 213, p. 198.
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are undoubtedly minute sedentary Flagellata, such as Spumella or Oiko-
monas.

The issue of the ‘Philosophical Transactions’ following upon the
one containing the foregoing figures and descriptions, is conspicuous for
the insertion, at the hands of an anonymous writer, of an account of
a considerable number of infusorial forms obtained from an infusion of
pepper. The type first described by Leeuwenhoek, Vorticella micro-
stomum or putrinum, is here figured for the first time, as also Paramecium
aurelia showing its characteristic ciliation, a species of Ewuplotes, Enchelys,
Oxytricha, and a variety of other animalcules whose identity cannot so
easily be determined. Among the delineations given of the Euplotes, one
example represents an animalcule dividing by transverse fission, and is
referred to in the accompanying text as a probable example of copulation.
The highest interest attached to this early contribution to microscopic
literature is, however, associated with the fact that it embodies a remarkably
clear and graphic account of several species of the exceedingly minute
and low-organized Phytozoa, Vibrio and Spirillum—>briefly referred to by
Lceuwenhock in the preceding quotations as “an infinity of little particles
like very thin hairs which drove through the water ”—which is accompanied
by illustrations of the types observed, equal both in execution and the
scale of magnification employed to those produced by workers in this same
field of research for more than a century later. The apparatus, nevertheless,
at the disposal of this early investigator was the single-lensed instrument
only manufactured by Mr. Wilson, but out of which he testifies to having
succeeded in obtaining a magnification of no less than 640 diameters. In
recognition of their attenuate serpentine form and movements, this dis-
coverer proposed to confer upon the hair-like bodies just referred to the
distinctive title of “ Capillary Eels.” A brief abstract of this anonymous
author's original and earliest recognizable description of these exceptionally
minute and highly interesting organisms is here appended. After subinit-
ting an account of the instrument employed and various forms observed by
him in his infusion of pepper, he continues :(—

“ One sort I never discovered till but three or four days ago. These are very
long slender worms, of which my pepper-water is prodigiously full. They are all of
the same thickness, but their lengths are very different, some twice and some thrice as
long as others, and at a medium I judge the proportions cf their length to their breadth
at least as 50 to 1. To the largest magnifiers they look like threads of horse-hair,
(to a naked eye), from a quarter to three-quarters of an inch long, and their motion
is equable and slow and generally they wave their bodies but little in their progres-
sion, though sometimes they make greater undulations. But what is more remark-
able, they swim with the same facility both backward and forward, so that I can-
not distinguish at which end the head is, and I have seen the same worm go
forward with one end, and back again with the other end foremost about twenty
times together. And sometimes they will (like leeches) fix one end on the glass
plate (on which I lay the water), and move the loose part of their body round
about very oddly. These I take leave to call Capillary Eels, and I have given you
as well as I could a representation of their appearance to a great magnifier, in the
several postures I have seen them swim.
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“Qct. 6th, 1702. I thought those which I called capillary eels had been
peculiar to pepper-water, but have since observed the same (tho’ but few) in some
standing water which drained from an horse dunghill. Among these the prettiest
object was a great number of a kind of eels which appear most distinctly when the
water is almost dry, which make brisk shoots, and have a pretty wriggling motion ;
they are of different lengths, and are about the thickness of what I call capillary
eels.”

Among the contributors to our knowledge of infusorial life during the
earlier half of the eighteenth century the names of Louis Joblot, Henry
Baker, and Abraham Trembley hold a prominent position. Joblot, author
in the year 1718 of a large treatise upon microscopes and the forms
of microscopic animals to be found in various artificial infusions, was
unfortunately led, through his possession of a more than ordinarily romantic
imagination, to embellish very considerably his descriptions and drawings
of the various types observed, these latter being in many instances moulded
by his facile pen into the similitude of satyrs’ heads, and other monstrosities
having no existence in the plain and solid ground of fact. Henry Baker’s
work, ‘ The Microscope Made Easy,’ published in the year 1742, while
embracing a general account of all the various forms of microscopes in use
up to that date, and of subjects suitable for examination with the aid of
that instrument, includes in addition, a description with figures of many
forms of animalcules discovered by himself in organic infusions. This
special subject is, however, treated still more extensively in his subsequent
volume, ‘Employment for the Microscope,’ published in the year 1753.
In this last-named treatise is to be found the first printed account, accom-
panied by an easily recognizable figure, of the species now well known
by the title of the Swan Animalcule, Lacrymaria olor, and upon which
Mr. Baker conferred the name of the “ Proteus.” Of this he writes :—

“ Having one evening been examining of the slime-like matter taken from the side
of a glass jar, in which small fishes, water-snails, and other creatures had been kept
alive two or three months, by giving them fresh water frequently, I was diverted with
the sudden appearance of a little creature whose figure was entirely new to me,
moving about with great agility, and having so much seeming intention in all its
motions, that my eyes were immediately fixed upon it with admiration. Its body
in substance and colour resembled a snail’s ; the shape thereof was somewhat ellip-
tical, but pointed at one end, whilst from the other a long, slender and finely pro-
portioned neck stretched itself out, and was terminated with what I judged to be an
head, of a size perfectly suitable to the other parts of the animal. In short, without
the least fancy, which is ever carefully to be guarded against in the use of the
microscope, the head and neck, and indeed the whole appearance of the animal,
had no little resemblance to that of a swan : With this difference, however, that its
neck was never raised above the water, as the neck of a swan is, but extended
forwards, or moved from side to side, either upon the surface of the water, or in a
plane nearly parallel to the surface thereof. It swam to and fro with great vivacity,
but stopped now and then for a minute or two, during which time its long neck
was usually employed, as far as it could reach, forwards, and on every side, with a
somewhat slow but equable motion, like that of a snake, frequently extending thrice
the length of its body, and seemingly in search of food. I could discern no eyes,
nor any opening like 2 mouth in what appears to be the head; but its actions
plainly prove it an animal that can see; for notwithstanding multitudes of different
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animalcules were swimming about in the same water, and its own progressive motion
was very swift, it never struck against any of them, but directed its course between
them, with a dexterity wholly unaccountable, should we suppose it destitute of
sight.”

Henry Baker’s speculations concerning the probable origin of animalcules
in hay and other infusions will be referred to in a future chapter.

Abraham Trembley’s name, while most famous in association with his
remarkable discoveries concerning the extraordinary recuperative properties
after mutilation possessed by the fresh-water polypes, Hydra vilgaris and
viridis, has also to be included in the list of contributors to our early
knowledge of the Infusoria. In the course of his investigations and expe-
riments upon the more highly organized forms just mentioned, he was the
first to encounter many of the larger Stentors or trumpet-animalcules, and
regarding them as structurally allied to the latter, described them in the
‘ Philosophical Transactions’ for 1744 under the respective titles of the white,
blue, and green funnel- or tunnel-like polypes. Through a prolonged study of
these forms Trembley made himself familiar with, and recounted at length,
the peculiar oblique manner in which they subdivide, the mode in which
the new head and oral aperture is formed upon the posterior segment, and
a new caudal prolongation upon the anterior one, being related with such true
and exhaustive detail as to leave but little to be added in this connection
by later investigators. Under the title of ¢ Clustering Polypes” this
authority also figured and described several varieties of Epistylis, notably
E. flavicans, relating precisely the manner in which by constant and even
longitudinal subdivision and prolongation of the supporting pedicle the
branched compound colony is built up. This premised affinity of the trumpet-
animalcules with the polypes suggested by Trembley received the full
approbation of the father of systematic natural history, the immortal and
illustrious Linnazus, by whom they were included in the tenth edition of his
famous ¢ Systema Natura,” published in the year 1758, under the title of
Hydra stentorea.

Five years later, 1763, we find for the first time the term “Infusoria”
introduced for the distinction of the minute beings that form the subject
of this treatise. M. F. Ledermuller, of Nuremberg, to whom must be
awarded the credit of creating this highly suggestive title, which has since,
been almost universally adopted, employed it in the first instance for
the distinction of all those microscopically minute animals discovered by
himself and earlier investigators in water in which hay had been for some few
days previously steeped. This new title he further proposed to extend to
all the microscopical forms of animal life inhabiting infusions and putrid
liquids, including also those discovered in stagnant rain-water nearly a
century previously by Leeuwenhoek ; the Stentors were, nevertheless, left by
him in the position among the polypes assigned to them by Linnaus and
Trembley. The names of Résel, 1755, Wrisberg, 1765, and Pallas, 1766, may
be mentioned among the more prominent contributors to our earliest know-
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ledge of the larger forms of animalcules, chiefly Vorticellide and Stentoridze,
preceding the appearance of what to the present day holds rank as the
carliest standard work that embodies a complete and systematic account of
the members of the infusorial world. Reference is here made to the
¢Animalcula Infusoria’ of Otho Friedrich Miiller, a posthumous quarto
volume published in the year 1786, containing no less than fifty plates and
367 pages of letterpress devoted to the description and illustration of close
upon three hundred species, fluviatile and marine, investigated and drawn
from the life by this indefatigable worker during a period extending over
no less than twenty years,

This early pioneer in the then ferra incognita of the Protozoic
sub-kingdom had already in his ‘Vermium terrestrium et fluviatilium
succincta Historia,” ¢ Zoologica Danica Prodromus,” and ¢ Zool. Dan. Icones,’
published respectively in the years 1773, 1776, and 1779, given descriptions
and illustrations of a large number of these numerous types, to all of which
he attached distinctive generic and specific titles in conformity with Linnaeus’
then newly-introduced binomial system of nomenclature ; each of these
compilations, however, possess but minor value compared with the work
first quoted. To this latter, one is justified, indeed, in conceding as important
a status, as compared with all preceding literature upon the subject, as is sub-
sequently commanded by C. G. Ehrenberg’s classic volume, ¢ Die Infusions-
thierchen,’ published a little over half a century later. As might be anticipated,
O. F. Miiller embraces in his ¢ Animalcula Infusoria’ numerous minute
organisms that find no place in the infusorial group as at present constituted,
although in this respect he trespasses but slightly from the path subse-
quently pursued by Ehrenberg. In all, Miiller institutes seventeen generic
denominations, the whole of which are still in use, and only one, his genus
Cercaria, being founded upon forms not admitted into Ehrenberg’s system
of classification, while another, his genus Vibrio, embraces in addition to
many common forms of Bacteria, Vibrio, and Spirillum, as now recognized,
various examples of the microscopic hair-worms or Anguillule. The several
species of Stentor were now recognized as members of the same infusorial
scries, and transferred to his somewhat comprehensive genus, Vorticella. As
a necessary consequence of the very imperfect instruments available for
investigation at this early date, little more than a rough general outline of
the species examined, and no details of their internal organization, are
usually recorded, while in many of the types figured the cilia are but repre-
sented in part, or even altogether omitted. A reproduction of O. F. Miiller’s
generic subdivisions and earliest proposed scheme of classification of the
Infusoria will be found in the chapter hereafter devoted to this special
subject.

In the long interval intervening between the publication of Miiller’s ¢ Ani-
malcula Infusoria’ and the appearance of Ehrenberg’s world-famed treatise,
a considerable number of investigators occupied themselves in the study of
these minute organisms, but without achieving any very notable results.
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Bonnet, Goeze, Gleichen, Eichorn, Spallanzani, and Schranck, towards the
termination of the eighteenth, and Treviranus, Oken, Dutrochet, Nitzsch,
and Bory de St. Vincent, during the commencement of the present century,
are among the more conspicuous of these. Gleichen’s name, perhaps,
descrves special notice, he being the first to demonstrate, through the admix-
ture of finely comminuted carmine with the water, the capacity of Infusoria
to appropriate this and other solid substances as food. Spallanzani detected
within the body-plasma of various species the bubble-like pulsating space or
spaces afterwards denominated contractile vesicles, while the presence of an
internal, more solid, gland-like structure, the nucleus or endoplast, and the
capacity of many to increase by longitudinal or transverse subdivision were
familiar to the majority of these observers. Examples of these last-named
phenomena were, indeed, figured and described by Miiller, and had, as already
intimated, been observed long previously by Trembley in association with the
Stentors or trumpet-animalcules. Dutrochet, in the year 1812, achieved a
progressive step by the recognition of the essential distinction of all the
species referred by O. F. Miiller to the genus Brackionus,; these were
shown to exhibit a much higher organization than the ordinary Infusoria,
possessing well-developed internal organs, and a much more complex type
of external contour, and were now distinguished for the first time by the
title of Rotifer® or wheel-animalcules. This distinction, pointed out by
Dutrochet, was recognized by Lamarck and Cuvier in their respective
classifications of the animal kingdom, the Infusoria as embodied in Cuvier's
scheme including all of Miiller’s types, subdivided into two leading orders,
the one including the more complex Rotiferae, and the other the appa-
rently structureless and homogeneous animalcules. These latter were,
indeed, accepted by Cuvier and all leading authorities up to the year 1830
as the simplest forms of animal life, exhibiting a degree of organization
most appropriately compared with mere specks of animate jelly variously
modified in external shape.

With the last-named date commenced an entirely new era in the his-
tory of the Infusoria. For fourteen years previously Christian Gottfried
Ehrenberg had been devoting studious attention to the investigation of
the lowest grades of vegetable and animal life, the matured fruits of
which now took the scientific world completely by surprise. He at this
time commenced the publication of his various essays, seeking to demon-
strate that the Infusoria, notwithstanding their minute size, possessed a
degree of organization as perfect and complex as that of the higher
animals, which culminated in the year 1838 in the production of his
world-famed history of the Infusoria, ¢ Die Infusionsthierchen als Volkom-
mene Organismen.” This magnificent folio treatise, embodying no less
than 532 pages of letterpress and an accompanying atlas of 64 coloured
plates, including several hundred specific forms delineated for the most
part with a life-like exactitude, will ever remain a lasting memorial of the
unflagging industry and talent of this most indefatigable investigator.
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Notwithstanding the comparative imperfection of the optical appliances
at his disposal, it may indeed with justice be said that Ehrenberg’s
figures, so far as they relate to contour and broad superficial details of
structure, are scarcely to be improved upon, and considerably excel, in
execution, the delineation. of the same forms included in many more
modern treatises. Ehrenberg, like Miiller, associated together under the
collective title of the Infusoria a vast assemblage of minute animal and
vegetable organisms, a small section only of which finds its equivalent under
the same classificatory term in its more modern and restricted sense. In
addition to the true Infusoria he still retained the Rotifera, or wheel-
animalcules, the descriptions and illustrations of these monopolizing over
one-third of the text and plates of his entire volume, while a very con-
siderable portion of the remainder is occupied with the description and
delineation of the essentially vegetable Desmidiace and Diatomacez, to
which are also added many forms of Rhizopoda and unicellular plants
other than the Bacillaria.

It was to the residual portion, that alone coincides with the tribe Infu-
soria as at present recognized, that Ehrenberg attributed the possession
of a highly complex internal structure, whose chief feature was further
described as consisting of a large number of pedunculate bubble-like
stomach-cavities associated with one another in a clustered form. The most
weighty testimony relied on by Ehrenberg in support of this theory was
derived from his repetition and extension of the experiments of Gleichen,
by whom it was demonstrated that carmine, indigo, or other pigmentary
matter suspended in the water was freely devoured. After passing through
the oral aperture this coloured matter was found to become collected in
small spherical bubble-like masses, variously distributed throughout the
body-substance or parenchyma, and without apparently taking the pains
to assure himself that these vacuoles occupied a permanently fixed
position, Ehrenberg assumed that such was the case, and assigned to
each vacuole the significance of a distinct food-receptacle or stomach; it
was with special reference to these supposed numerous stomach-cavities
that the title of the Polygastrica was adopted by him for the dis-
tinction of this particular group. Ehrenberg’s conception of the high and
complex organization of his so-called Polygastrica, however, by no means
ended here. The transparent vacuole possessing the property of contracting
rhythmically, first observed by Spallanzani, conjointly with the still more
universally recognized gland-like nucleus or endoplast, were pronounced to
be integral parts of the male generative organs, the former representing a
seminal vesicle, and the latter a seminal gland or testis. The minute
granular corpuscles distributed more or less abundantly throughout the
substance of the body were declared to be eggs, which after fecundation
from the seminal vesicle were discharged through the anal aperture or
vent. The possession by these Polygastrica of a complex muscular,
nervous, and blood-circulating system was likewise insisted on, though no
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proof in these latter instances was brought forward ; the coloured eye-like
pigment specks conspicuous in Euglena, Ophryoglena, and various other
types, were finally regarded by him as highly differentiated visual organs.

Ehrenberg's evidence in support of his many-stomached or polygastric
theory was built on too insecure a foundation to stand the test of contem-
porary investigation, and before which, indeed, the entire superstructure
of his most ingeniously conceived digestive, neural, hamal, and repro-
ductive systems was speedily demolished.

The first and most prominent authority to call in question the accuracy
of Ehrenberg’s interpretations was M. Felix Dujardin, who, firstly in various
contributions to the ‘ Annales des Sciences Naturelles,” extending through
the years 1835-38, and later in a special treatise devoted to this subject,
‘Histoire Naturelle des Infusoires,” 1841, brought forward evidence that
threw an entirely new light on the organization of the members of this
group. Through an investigation, in their living state, of various representa-
tives of the minute marine shell-forming organisms upon which D’'Orbigny,
in the year 1826, conferred the distinctive title of Foraminifera, Dujardin
discovered that their internal structure was far more simple than had been
previously conjectured. Guided only by an acquaintance with the empty
shells or tests of these minute beings, and taking into account their
predominating nautiloid form and chambered character, D’Orbigny and
his contemporaries concluded that their fabricators exhibited a correspond-
ingly high degree of organization, and described them as diminutive
representatives of the Cephalopodous order of the Mollusca. Dujardin,
examining various Mediterranean forms belonging chiefly to the genera
Cristellaria, Miliola, and Vorticialis, speedily determined that their living
occupants could lay claim to no such exalted position, being found by him
to possess no distinct organs or differentiated tissues, but in their place
a simple transparent gelatinous body, capable of extending fine thread-
like prolongations of its substance in every direction, by means of which
they adhered to and crept over submerged objects. Dujardin likewise
discovered in both salt and fresh water minute organisms possessing
similarly extensile gelatinous bodies and still more simple, unchambered,
and mostly corneous tests, upon which he conferred the generic names
of Gromia and Euglyphia. Between these several types and Ehrenberg’s
test-inhabiting polygastric genera Arcella and Difflugia, and the still more
simple shell-less Amabe, Dujardin soon recognized that there subsisted the
closest affinity, and separating them from all other forms, instituted for
their reception, in reference to their peculiar mode of locomotion by root-
like extensions of their body-substance, the class title of the Rhizopoda.
Dujardin further conferred upon the plastic, gelatinous, and apparently
homogeneous body-substance of these Rhizopoda the distinctive name of
“sarcode,” and finally sought to demonstrate that in all those infusorial
forms described by Ehrenberg as exhibiting a polygastric type of structure,
their body-substance possessed a similar simple gelatinous or sarcode
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consistence, although, through the superaddition of a denser external
membrane, they were incapable of emitting thread- or root-like pseudo-
podic processes. No trace of a muscular or nervous system could be
detected by this authority, while the non-existence of the complex digestive
apparatus described by Ehrenberg was effectually demonstrated. On
feeding Vorticelle and other animalcules with carmine, in accordance with
the plan adopted by Gleichen and Ehrenberg, Dujardin found that the
food-particles, after their reception at the oral aperture, were not retained
in definite and permanently fixed stomach-sacculi, but after aggregation
into small spheroidal masses were passed backwards into the body-sarcode
or parenchyma, and there freely circulated until digestion or rejection at
the anal aperture. The somewhat similar and characteristic independent
circulation of the inner sarcode or parenchyma of Paramecium bursaria
and Vaginicola crystallina was also recorded for the first time by Dujardin.
The contractile organ, first discovered by Spallanzani, and interpreted by
Ehrenberg as belonging to the reproductive system, was pronounced by
this investigator to be a mere vacuolar space situated close to the surface,
apparently fulfilling a respiratory function by the continual absorption and
expulsion of water.

This simple interpretation of the organization of the Infusoria arrived
at by Dujardin, in opposition to that of Ehrenberg, soon gained powerful
adherents. Among the more noteworthy authorities who also by their
independent and almost contemporaneous researches, arrived at conclusions
coinciding with those of Dujardin and antagonistic to the polygastric
theory, may be mentioned the names of Meyen and Focke. Thuret and
Unger, again, from a botanical point of view, indicated the close correspon-
dence of the zoospores of Chara, Vaucheria, and various confervoid alge
with the monadiform animalcules referred by Ehrenberg to the genera
Chlamydomonas, Phacelomonas, and Microglena. The most decisive advance
made towards the elucidation of the true structure and affinities of the In-
fusoria, following upon Dujardin’s investigations, was, however, accomplished
by Carl Theodor von Siebold. It was this biologist who, in his ¢ Text-book
of Comparative Anatomy,’ published in the year 1843, first enunciated the
theory, anticipated to some extent by Oken, Schleiden and Schwann,
that the representatives of the Infusoria were unicellular organisms. Each
separate animalcule possessed, in his opinion, the value only of a simple
cell, of which the central gland-like organ observed by so many previous
authorities, was now for the first time declared to be homologous with an
ordinary cell-nucleus, and described under a like distinctive title. The
contractile spaces or vesicles were further interpreted by Siebold as possess-
ing a circulatory or cardiac function. The simple sarcodic nature of the body-
substance of the Infusoria, first pointed out by Dujardin, was fully recog-
nized by this authority, and all the organisms possessing such a simple
unicellular structure were assembled together as the representatives of
an independent sub-kingdom of the Invertebrata, upon which he conferred
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the suggestive title of the Protozoa. These Protozoa Siebold further
divided into the two subordinate classes of the Rhizopoda and Infusoria,
the former corresponding with the same section as similarly named by
Dujardin, and including all those forms whose locomotion was accomplished
by the extension of lobate or filiform processes or pseudopodia, while the
latter embraced those in which cilia or flagelliform appendages fulfilled
a similar function. The distinction between the Ciliate and Flagellate
sections of the Infusoria was also fully recognized by this investigator, who,
however, conferred upon them titles differing from those now recognized.
The Ciliata only being regarded by him as possessing a distinct oral
aperture, were denominated the “ Stomatoda,” and the supposed entirely
mouthless flagellate animalcules, the “ Astomata.” Siebold, by his creation
of the sub-kingdom Protozoa, acceptation of the Infusoria as simple
sarcode organisms possessing individually the morphological value of a
simple cell, and restriction of the Infusoria to the Ciliate and Flagellate
members of the Protozoa, practically initiated that definition of the boun-
daries and organization of the class that receives the most powerful support
at the present day, and is closely adhered to by the present author.

As might be anticipated, a universal concession to Siebold’s unicellular
interpretation of infusorial organization was by no means granted at the
period of its announcement to the scientific world. Although the polygastric
hypothesis, in the sense rendered by Ehrenberg, was speedily rejected,
there have not been wanting those who from that earlier date up to the
present time have sought to associate with these microscopic beings a
complex type of structure, and to demonstrate their affinities with many of
the more highly organized invertebrate sub-kingdoms. Among the first
opponents of Siebold in this direction the names of Eckard and Oscar
Schmidt are the most prominent. Both founded their arguments against
the unicellular theory partly from their independent observation of the
development of embryos from within the interior of the body-substance of
Stentor ceruleus and polymorphus, while the latter more especially sought
to demonstrate the close affinity of the higher ciliate animalcules with the
Turbellarian group of the sub-kingdom Annuloida. O. Schmidt’s indication
of this supposed affinity was brought about by his discovery in Paramecium
aurelia and Bursaria (Panophrys) flavicans of a subcuticular layer of minute
rod-like bodies—now familiarly known (as trichocysts) to be developed in
many infusorial forms—similar to those met with in various Turbellaria
and lower Annelides. He further discovered that the contractile vesicle in
various animalcules communicated with the outer water, a fact which at
once suggested to his mind the probable correspondence of this structure
with the water-vascular system of the last-named higher zoological groups.

These results of O. Schmidt’s researches bring us to ‘the year 1849,
a date memorable for the appearance on the field of that accom-
plished investigator to whom we are most indebted for our present
knowledge of the morphology and development of the infusorial animal-
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cules, and from whom also we have received that scheme of classification
of the Ciliate section of the class that obtains the widest recognition at the
present day, and is mainly adopted in this volume. It is almost super-
fluous to add that the authority here referred to is none other than
Friedrich Ritter von Stein, who, after his first contribution to the literature
of this subject in the year first named, may be said thenceforward, and up
to the present day, to have made a life-study of the history, habits, and
organization of the representatives of this highly interesting group. The
earliest published results of this eminent observer are specially remarkable
for their association with a theory relating to the development of the
Vorticellidee, which commanded at the time almost as large a share of atten-
tion and adverse criticism as followed upon Ehrenberg’s polygastric inter-
pretations. Instead of accepting Acineta and its numerous allies, collected
together in this treatise under the title of the Tentaculifera, as animalcules
possessing an independent history and organization, Stein was led, through
their frequent occurrence in company with certain species of Vorticellidae,
and by his observation of the production by some Acinet@ of Vorticella-
like ciliated embryos, to regard these organisms as developmental con-
ditions only of the latter. In accordance with this interpretation, the
Podoplhrya fixa of Ehrenberg was pronounced by Stein * to be a transitional
or acinete phase of Vorticella microstoma; Acineta mystacina, that of
Vaginicola crystallina; and the form here included under the name of
Podophrya lemnarum as a similar condition of Opercularia nutans. Addi-
tional instances in support of this Acineta theory were brought forward by
Stein in the ¢ Zeitschrift fiir Wissenschaftliche Zoologie’ for February 1852,
its most extensive application and amplification being, however, embodied
in his separate treatise ¢ Die Infusionsthiere auf ihre Entwickelunggeschichte,’
published at Leipzig in the year 1854. This volume, notwithstanding the
fact that its associated Acineta theory was shortly after disputed, and
ultimately abandoned by Stein himself, still constitutes what may be
almost regarded as a monograph of the Vorticellide and Tentaculiferous
section of the Infusoria. In addition to embodying the most accurate
account and delineations of the form, structure, and developmental pheno-
mena of numerous representatives of these groups that had yet appeared,
similar details concerning various Holotrichous types were likewise included;
the multiplication of Colpoda cucullulus, through encystment and the sub-
division of its substance into two, four, or eight spore-like bodies, as
amply described later on, being among the most important of these supple-
mentary data thus recorded. The supposed relationship of the twelve or
more acinete types described by Stein to an equivalent number of Peritricha,
including representatives of the genera Vorticella, Epistylis, Opercularia,
Zoothamnium, Cothurnia, Vaginicola, Spirochona, and Opkrydium, is re-
ferred to at length in the descriptions hereafter given of the Acinet® as
independent organisms.

* Wiegmann's ¢ Archiv fiir Naturgeschichte,” 1849.
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Contemporaneously with the earlier publications of Stein as above
recorded, mention must be made of the work of Maximilian Perty, ¢ Zur
Kentniss kleinster Lebensformen,” published at Bern in the year 1832,
This treatise, like the earlier ones of Miiller and Ehrenberg, embraces
an account, with illustrations, of a heterogeneous assemblage of micro-
scopic aquatic beings, including Rotifera, Rhizopods, and Bacillaria in
addition to the ordinary Infusoria. These latter are, however, together
with the Rhizopoda, separated by Perty from the associated animal and
vegetable organisms, and collated together as distinct classes of a sub-
kingdom, essentially identical with the Protozoa of Von Siebold, but
upon which he conferred the new title of the Archezoa. The class of
the Infusoria is further divided by Perty into the two orders of the
Ciliata and Phytozoida, the former comprising all the ordinary ciliate
animalcules, and the latter flagellate organisms generally, whether of an
animal or vegetable nature. The innumerable infusorial forms figured and
described by Perty were collected by himself entirely in the vicinity of the
Bernese Alps, and embrace many new species, some of which have not been
since met with, while a few, such as his Ewutreptia viridis and Mallomonas
Plosslii, are delineated in this present volume after examination, for the first
time, with the higher magnifying powers of the compound microscope in
its present comparatively perfected state. Taken as a whole, Perty’s illus-
trations of the Infusoria, and of his Ciliata in particular, are exceedingly
rough and unsatisfactory, being inferior in many respects to those previously
given by Ehrenberg, and not to be compared with the contemporaneous
ones of Stein. The view taken by this author with reference to the organiza-
tion and internal structure of the Infusoria, is distinguished by its opposition
to both the unicellular one of Siebold and the polygastric one of Ehrenberg.
In place of these, Perty substituted the interpretation that these microscopic
beings are composed of an aggregation of separate cells, none of which
have attained their complete development, but remain indistinguishably
united with each other. He thus, as presently related, anticipated to some
extent the views adopted by Max Schultze in the same direction. The
presence of any nervous, muscular, or other complex organization he
entirely denied, as also that of a distinct internal parenchyma, the body
being described by him as composed wholly of simple contractile substance.
The thickly ciliated cuticular surface of Szenfor and other forms he never-
theless compared to the ciliated epithelium of more highly differentiated
organic types.

The first onslaught upon the Acineta theory enunciated about this
date by Stein, was delivered by Johannes Lachmann, who, in Miiller's
¢ Archives’ for the year 1856, adduced testimony strongly in favour of the
independent organization of Acinetz and its allies, showing the character-
istic manner in which they preyed upon other Infusoria, and their mode of
reproduction through the separating of a portion of the central nucleus or
endoplast. Corroborative evidence of a still more conclusive character, and
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which indeed finally established the claim of these remarkable animalcules
to hold rank as the members of a distinct order of the Infusoria, was
brought forward by the last-named investigator in conjunction with Edouard
Claparede, in three extensive essays, published in volumes v. to vii. of the
‘Mémoires de I'Institut Genevois,” extending over the years 1858 to 1860.
These three memoirs, derived from the joint work of the above authori-
ties, both co-workers in the laboratories, and disciples of the eminent
Johannes Miiller, form, as issued more recently in a single volume, the well-
known ¢ Etudes sur les Infusoires et les Rhizopodes,” containing collectively
over seven hundred pages of text, and thirty-seven quarto plates, constantly
referred to in these pages, and which holds rank as one of the most complete
and important contributions to the literature of the present subject as yet
extant. That portion of the volume above quoted which relates more
especially to the organization of the Acinete, proving the same to be
entirely independent of the Vorticellide, and thus reversing the verdict of
Stein, is embodied chiefly in the so-called third part of the ¢ Etudes.’
Actually, however, this section of the work was published the first of all, its
substance being included in the conjoint prize essay communicated to the
Paris Academy of Sciences in February of the year 1855, The scheme
of classification adopted by Claparéde and Lachmann is submitted in its
fully extended state later on, but may be briefly referred to here as
comprising the ordinary infusorial orders of the Ciliata and Flagellata, two
smaller groups of similar value being, however, instituted, the one entitled the
Suctoria for the reception of Acineta, Podophrya, and all corresponding forms
in which prey was seized and incepted through the medium of tubular and
suctorial tentacle-like appendages, while that of the Cilio-flagellata was
proposed by the same authorities for the distinction of Peridinium and
various associated types which have as locomotive organs a girdle or other
supplementary series of fine vibratile cilia, in addition to one or more
flagellate appendages.

Claparede and Lachmann’s interpretation of the organization and
affinities of the Infusoria, for which, however, the first-named writer would
appear to be chiefly responsible, is altogether opposed to the unicellular
one of Von Siebold. While conceding to these organisms a separate and
even the lowest position in the animal scale, they proposed to regard them as
approximated most nearly, on the one hand, to the Ccelenterata, and on
the other, more remotely, to the lower Annclids. In accordance with
the views of these Geneva anatomists, the Infusoria were, in short, repre-
sented as possessing a well-defined body-wall, the softer internal area
enclosed and bounded by which constituted an equally distinct chyme-
filled somatic or gastric cavity. A very considerable accession to the
number of known forms of animalcules, and more especially as relates to
the previously little studied marine types, e.g. genera Freia (Follicularia),
Tintinnus, and Peridinium, was effected through the indefatigable labours
of Clapar¢de and Lachmann, while the evidence accumulated by them
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respecting the developmental phenomena of the class in general is of the
utmost value.

The same decade, conspicuous for the substantial progress effected
towards a more accurate and extensive knowledge of the Infusoria at
the hands of Stein, Claparéde, and Lachmann, includes divers other
names which, although not similarly associated with the authorship of
separate treatises, hold a deservedly high place in the annals of infusorial
literature. That of Balbiani is especially noteworthy in this direction, he
having been the first, in the year 1858, to announce that the hitherto
supposed longitudinal fission of Paramecium aurelia and various other
animalcules, was not an act of division at all, but one of genetic or sexual
union, attended with complex internal changes, as detailed at length in the
chapter devoted to an account of the reproductive phenomena of this class.

Max Schultze’s name, though more intimately connected with the
history of the Rhizopodous section of the Protozoa, demands notice
here, he having in the years 1860 and 1861 developed and modified
to a marked extent the unicellular theory of the Infusoria first origi-
nated by Von Siebold. By this author the frequent absence from,
and non-essentiality of, a bounding membrane or distinct cell-wall to
many lower unicellular protozoic structures, was especially insisted on,
the probability also being suggested that many, such as Actinospherium
Eichornii, and others possessing a multiplicity of nucleus-like structures,
were composed of a greater or less number of wall-less cells indistinguishably
amalgamated with each other. Further, Max Schultze in his demonstration
that the soft plastic contents only, independently of an outer bounding
wall, constitute the very essence or essential factor of cell organization,
proposed to distinguish this soft and contractile substance by the charac-
teristic title of “protoplasm” in contradistinction to that of “sarcode,”
introduced in a somewhat similar but narrower sense some years pre-
viously by Dujardin. With this author there also originated the brilliant
and fortunate conception that the cell-contents of all animal and vegetable
organisms were composed of a similar simple protoplasmic basis, such
forms again, in their simplest expression, as in an Amaba, consisting of
a mere animated speck or lump of undifferentiated protoplasm. Max
Schultze’s interpretation concerning the probable composite structure of
certain Rhizopoda and Radiolaria received substantial confirmation at the
hands of Ernst Haeckel, in his magnificent monograph of the Radiolaria,
published in the year 1862.

Stein, already mentioned as having in the year 1854 published an
important work devoted more especially to the organization of the Vorti.
cellidee and their supposed associated Acinete, gave abundant evidence
of continued activity in the same field by the production, in the year 1859,
of the first volume of the folio series still in course of progress, having as its
aim the description and illustration of all known infusorial forms. In this
volume Stein carried into practical application the new system of classifica-
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tion of the higher or Ciliate section of the Infusoria first introduced by him a
few years previously,* and which has since been generally adopted as the
most natura! and convenient scheme yet proposed. In accordance with
this, the ciliate animalcules were divided, with reference to the character
and distribution of their cilia, into the four subordinate orders of the
Holotricha, Heterotricha, Hypotricha, and Peritricha ; this special volume, in
addition to including a complete summary of the biography and organiza-
tion of the Infusoria as known up to that date, constituting an exhaustive
account or monograph of the Hypotrichous section. The position conceded
to the Infusoria by Stein in this treatise is that of the highest group of the
Protozoa, though, taken individually, a more complex type of organization
is assigned to them than is involved with the unicellular interpre-
tation of Von Siebold. The characteristic contractile vesicle, with its
frequently associated radiating canals, more particularly, is here accepted
as formerly by O. Schmidt and Claparéde and Lachmann as indicative
of a more or less remote relationship with the Turbellaria and lower
Annelids.

The interval intervening before the issue, in the year 1867, of Stein’s
second volume of his ‘General History of the Infusoria,’ bore substantial fruit
through the researches of Balbiani and T. W. Engelmann in the direction
of that more extended knowledge of the developmental phenomena of the
class referred to at length in a succeeding chapter. The number of known
infusorial forms was also considerably enriched, and their structure accu-
rately described and delineated by the authority last quoted and many
other able investigators, among whom the names of A. Quennerstedt,
H. J. Carter, Frederick Cohn, J. D'Udekem, and A. Wrzesniowski, are
especially conspicuous.

In association with the period now under consideration the novel
interpretation of the affinities of the Infusoria and proposed subdivision of
the group introduced by R. M. Diesing, may be suitably referred to. In
accordance with the views of this author, the sub-kingdom of the Protozoa,
as instituted by Von Siebold, possessed no real existence, the entire assem-
blage of forms included in it representing simply lower or imperfectly
developed conditions of various more highly organized animal groups. The
Rhizopoda and Foraminifera were thus held by Diesing, following the views
of D’'Orbigny, to be degraded headless Mollusca, the majority of the Ciliata
and mouth-bearing Flagellata to be lower worms, while the Vorticellide
and Stentors, with reference to the closely approximated location of
their oral and anal apertures, were referred to the Polyzoa, and collected
into a group upon which he conferred the title of the Bryozoa Anopisthia.
This breaking up of the class of the Infusoria and distribution of its
members among various other Invertebrate sub-kingdoms, while first
proposed by Diesing in the year 1848, received its full development in
his ¢Systema Helminthum, Order Prothelmintha,’ and ¢Revision der

* ¢Sitzung. der konigl. Bohmischen Gesellschaft der Wissenschaften,” Oct. 1857.
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Prothelminthen,” published respectively in the years 1850, 1865, and
1866. These last-named contributions constitute practically a synopsis,
with accompanying diagnoses, of all the infusorial forms then known,
exclusive ‘of the Vorticellide and Stentoride, the chief value of which
undoubtedly depends upon their very complete bibliographic references.
In no case does Diesing appear to have personally acquainted himself with
even a single example of the numerous types epitomized, his diagnoses
being framed entirely upon the descriptions given by their original
discoverers, and whose errata are also necessarily reproduced. Thus,
accepting the dictum of Ehrenberg, all the Flagellata are erroneously
represented as possessing a distinct oral aperture, Volvox, Panderina, and
other undoubted mouthless Phytozoa even being included in the category.
Viewed as a whole, Diesing divides his so-called order of the Prothelmintha
into the two sub-orders of the Mastigophora and Amastiga, the same
corresponding respectively, exclusive of exceptions above named, with the
Flagellate and Ciliate divisions of the Infusoria first instituted by Von
Siebold. The Flagellata, or Mastigophora, are further separated by him
into the two sections of the Atrichosomata and Trichosomata, the latter
group including only the Peridinidee and other allied forms possessing
cilia in addition to the characteristic flagella, and therefore corresponding
with the order of the Cilio-Flagellata as comprehended in this volume.
The two sectional titles of the Holotricha and Hypotricha introduced by
Stein are made by this author to include all his recognized representatives
of the Amastiga or Ciliata. A considerable number of new generic names,
established some with, and some without, substantial grounds, were, as
hereafter frequently attested to, founded by Diesing on various of the older
specific forms.

Here mention may be most appropriately made of the one complete
book devoted to the organization of the Infusoria that had so far, or has
since up to the publication of this present volume, issued from the British
press. This work, ‘A History of the Infusoria,” by Andrew Pritchard,
which in the year 1861 arrived at its fourth enlarged and revised edition,
the first appearing in the year 1834, can, however, in no way be cited as an
independent treatise, it constituting merely an excellent and abbreviated
transcript of the technical descriptions of all so-called infusorial forms
published up to the year 1838, and included chiefly in the works of
Ehrenberg, Perty, and Dujardin. The views of thesec and other contem-
poraneous authorities are fully enunciated, and the whole series of forms
described made to amalgamate with the system of classification adopted
by Ehrenberg in his ¢ Die Infusionsthierchen’ No original views, no trace
of original research, nor any record of newly discovered species, are con-
tained in this volume, which must therefore be considered rather as a
compilation than as an independent work. As such, and in connection with
the state of our knowledge at that time, its utility was unquestionable,
and more especially to thc general working microscopist, since its scope,
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corresponding with that of Ehrenberg’s opus magnum, includes not only
the Infusoria proper, but also the several entirely unrelated groups of the
Diatomacez, Desmidiace®, Confervacez, and many Rhizopods, Radiolaria,
and even Acari. It is scarcely to be wondered at that, placed in front of
so vast and heterogeneous an assemblage of organic forms, the author
should have called in extraneous assistance, and hence it is we find the
names of J. T. Arlidge, W. Archer, J. Ralfs, and W. E. Williamson—all
high authorities on one or other of the several groups separate from
the true Infusoria—associated as coadjutors in the fourth edition of
Mr. Pritchard’s work.

Stein’s second volume, issued, as already mentioned, in the year 1867,
constitutes a monograph of the Heterotrichous order of the Ciliata, and forms
a worthy companion to the one previously published, the series of types
included in this section being delineated and described with an accuracy and
exhaustiveness of detail hitherto unapproached. This monograph embodies,
in addition to the above-mentioned more special subject-matter, data of the
highest importance concerning the general organization and reproductive
phenomena of the Infusoria, and is also notable for containing a formal
abandonment, with some slight reservation, of his original theory asso-
ciated with the Acinete, and acknowledgment of the claim of these animal-
cules to the independent position assigned to them by Claparede and
Lachmann. This reservation, as above intimated, was manifested by Stein’s
continued adhesion to the opinion that certain infusorial types, e.g. Stentor,
Stylonychia, and Urostyla, commenced their existence within the parent
body as minute ovate or subspheroidal embryos, with or without cilia, and
possessing in addition a greater or less number of retractile tentaculiform
appendages corresponding with those of the ordinary Acinete. These
supposed embryos of the associated Ciliata are, however, now shown to
be minute parasites, referable chiefly to Clapar¢de and Lachmann’s genus
Spharophrya.

The following year (1868) commands a conspicuous position in the
bibliography of the present subject, through its association with the dis-
covery by Professor H. James-Clark, of the Agricultural College of Penn-
sylvania, U.S.A,, of certain Flagellate Infusoria exhibiting an entirely new
type of structure, accompanied by his simultaneous announcement that all
sponges consist essentially of colonial aggregations of similar Flagellate
animalcules. Three years later, 1871, the present author had the good
fortune to encounter the greater portion of H. James-Clark’s types, and
several new but closely allied forms, upon this side of the Atlantic, and
having since selected this group as the subject of special attention, has so
augmented its original numbers and demonstrated their distinctive features
as compared with the more ordinary Flagellata, as to have felt justified
in establishing for them a new order, upon which it is here proposed to
bestow the title of the Choano-Flagellata. Pursuing the path indicated by
Professor Clark with reference to the structure and zoological position of
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the sponges, the result of the author’s investigations has, as recorded in the
chapter hereafter devoted to this special subject, been the accumulation of
additional data of the most substantial character in support of the pre-
viously suggested affinities.

Among the numerous contributors towards a more extended knowledge
of the Infusoria as yet unreferred to, may be mentioned, more especially in
association with the Ciliata, the names of Wrzesniowski, Richard Greeff,
and Edouard Everts, and with the Flagellata, that of L. Cienkowski.
Among the former Greeff is exceptionally prominent, he being led, through
his discovery in the Vorticellidee of a more complex pharyngeal apparatus
and muscular system—hereafter described—than had hitherto been attri-
buted to them, to adopt a Ccelenterate interpretation of infusorial structure
closely identical with that first enunciated by Claparéde and Lachmann.
Cienkowski’s investigations are especially interesting, as being productive of
a masterly account of the structure and developmental history of Noctiluca,
which is definitely shown by him to be intimately related to the more
ordinary Flagellata.

Associated with those that take a prominent position within the present
decade as expositors of the structure and affinities of the Infusoria, Professor
Ernst Haeckel’s name is eminently noteworthy. In his admirable essay,
“Zur Morphologie der Infusorien,” published in the ‘Jenaische Zeitschrift,
Bd. vii. Heft 4, for the year 1873, this gifted biologist brings forward,
beyond question, the most powerful evidence in support of the unicellular
composition of these protozoic organisms adduced since the first cenception
of the theory by Carl von Siebold, in the year 1845. The lucid exposition
given by him of the general morphology, reproduction, and developmental
aspects of the higher Infusoria, may be further said to constitute one of
the most complete accounts of this interesting group yet produced. It
must be noted here, however, that Professor Haeckel in his essay admits
to the rank of true Infusoria those representatives of the class only that
are here collated under the title of the Ciliata, the equally or even more
abundant and important class of the Flagellata being dismissed as con-
taining an association of doubtful forms, chiefly referable to the vegetable
kingdom. The great progress that has been made since the date of this
essay in our knowledge of the last-named group will no doubt, however,
exert its influence, and reconcile Professor Haeckel to its occupation of a
position in the animal scale contiguous to that conceded in his earlier
classificatory systems to the Ciliata.

Comparatively insignificant as has hitherto been the sum of contribu-
tions to our knowledge of infusorial life and structure by English investi-
gators, and as is conspicuously evidenced on reference to the Bibliogra-
phical list appended to this volume, a brilliant exception is furnished in
connection with the names of Messrs. W. H. Dallinger and J. Drysdale,
whose joint investigations are recorded in various numbers of the ¢ Micro-
scopical Journal’ extending through the years 1873 to 1875. The chief
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interest and value attached to the results achieved by these joint workers
is accomplished through their having struck upon and most successfully
followed up an entirely new channel of discovery. Employing the highest
and most perfectly constructed modern powers of the compound microscope,
and concentrating upon their task an amount of energy and patience
scarcely before equalled, Messrs. Dallinger and Drysdale directed their
attention to unravelling the mystery so long associated with the incon-
ceivably rapid production of low flagellate organisms or monads in organic
infusions, and more especially such as are so abundantly produced in fish
macerations. Taking turn by turn at the microscope, and patiently watch-
ing the same forms from hour to hour and day to day, the entire life-history
of numerous species of these most minute organisms was now revealed for
the first time. Not only was it found that these animalcules increased to
an indefinite extent by the familiar phenomena of longitudinal and trans-
verse fission, but also that under certain conditions two or even more
individuals of the same species would become intimately united, the result
of this fusion or coalescence being the formation of encystments, whose
contents broke up into a greater or less number of spore-like bodies, which
speedily developed into the parent type. In some cases these reproductive
spores were so excessively minute as to defy individual detection under
a magnifying power of no less than 15,000 linear, their presence being in-
dicated only by their presenting as they escaped e masse from the investing
envelope the aspect of a fluid possessing a slightly higher refractive index
than the surrounding water. The power to withstand great vicissitudes of
temperature—in some cases even up to and beyond boiling point, and par:
passu the practical indestructibility of these monad spores—was also proved
by these investigators; the facts elicited as a whole, affording some of the
most important evidence yet educed towards the solution of the much-
vexed question of spontaneous generation, and in demonstration of the
dominance of the inexorable law of “like begetting like” among even these
most minute and humble members of the organic world. The special
bearing of Messrs. Dallinger and Drysdale’s evidence upon these highly
interesting points receives extensive notice in a future chapter.

Among the more recent literary productions bearing upon the subject
of the Infusoria, brief allusion must be here made to the ‘Etudes sur les
Microzoaires ou Infusoires proprement dits,” published by E. de Fromentel
in the year 1876. The expectations raised by a first glance at this
portly volume and its thirty quarto plates receive a somewhat severe
shock on proceeding to a more intimate acquaintance. This writer is
apparently entirely ignorant of the work achieved in the same field by
Stein, Engelmann, and other modern German investigators, their names not
being so much as mentioned throughout the whole course of his treatise.
With scarcely an exception, his entire series of diagnoses of the innumerable
forms, new and old, are so vague and indefinite as to be scarcely in advance
of the necessarily incomplete ones given last century by O. F. Miiller,



30 BIBLIOGRAPHY.

while the numerous figures accompanying these descriptions will in most
instances scarcely compare favourably with those handed down to us by
Perty and Dujardin. Taken as a whole, it is but too evident that De
Fromentel’s volume is published prematurely, the author possessing but the
most superficial acquaintance with his subject. As a consequence, and
notwithstanding the fact that many new forms of high interest are embodied
in his volume, the reader closes De Fromentel's book regretting the fine
opportunity lost and that so much valuable space and expenditure of
time should have been bestowed upon a work so inadequately representing
our present comparatively advanced knowledge of infusorial morphology.

A few names only are now wanting to conclude this list. With the
exception of Stein’s most recently issued volume, ‘Der Organismus der
Infusionsthiere,” Abth. iii. Heft 1, 1878, containing a general account of the
Flagellata, with twenty-four magnificently executed plates—referred to
at length in the introductory portion of Chapter VII., no works of primary
importance remain to be enumerated. At the same time various authorities,
through the exhaustive investigation of special representatives of the in-
fusorial world, have considerably extended our knowledge and appreciation
of the structure and affinities of the group as a whole, contributing largely
towards the establishment of that solid basis of practical evidence from
whence future exploration must depart. Hertwig, Biitschli, Sterki, Ernst
Zeller, Wrzesniowski, Mereschkowsky, and C. Robin are more especially
deserving of mention in this last-named category, their respective publica-
tions receiving due notice in both the subsequent Bibliographic list and in
association with the systematic descriptions of those specific types that
formed the more immediate subject of their investigation.

This chapter may be concluded with the citation of one other prominent
and most worthy name. John Tyndall, the talented physicist and contri-
butor to the ¢ Philosophical Transactions’ for the years 1876 and 1877 of
two most important papers treating upon the optical deportment of the
atmosphere in relation to the phenomena of putrefaction, and upon the vital
persistence of putrefactive and infective organisms, has beyond question,
through his most carefully conducted experiments and philosophic deduc-
tions, as hereafter reported 77 extenso, furnished some of the most crucial
evidence yet adduced towards the subversion of the now well-nigh aban-
doned doctrine of Heterogeny, or, in other words, the production of
Infusoria and other lowly organized animal and vegetable types out of
inorganic elements,



CHAPTER II
THE SUB-KINGDOM PROTOZOA.

THE contents of the preceding chapter constitute a brief chronological
summary of the more important advances gained in our knowledge of the
Infusoria from the date of their first discovery by Leeuwenhoek up to the
present time. A comprehensive survey of the organization and affinities of
the members of this zoological group, as illumined by the light of recent
research, has now to be proceeded with.

As an ¢nitial step in this direction, a short space must, however, be first
devoted to a consideration of that larger subdivision of the animal kingdom,
of which as a whole the Infusoria are most generally and here definitively
accepted as a constituent group or groups. This subdivision, the Protozoa
of Von Siebold, or Archezoa of Max Perty, has undergone much modi-
fication at the hands of biologists since its first institution in the year 1845.
Great diversity of opinion exists, even at the present day, with respect to
the delimitations both of its own borders and those of the minor sections
and orders into which it may be most conveniently and naturally sub-
divided. As here accepted, the sub-kingdom Protozoa may be defined
as embracing all those forms of life referable to the lowest grade of the
animal kingdom, whose members are for the most part represented by
organisms possessing the histologic value only of a single cell, or of a con-
geries or colonial aggregation of similar independent unicellular beings,
In such cases as Opalina and other multinucleate forms, in which from the
compound character of the nuclear or endoplastic element the organism
would appear to be composed of several cells, these cells are indistinguish-
ably fused with each other, and have not allocated to them separate func-
tions or properties as in all more highly organized multicellular animals or
Metazoa.

The essential body-substance of all Protozoa consists of apparently
homogeneous, or more or less conspicuously granular, slime-like sarcode or
protoplasm, all organs of locomotion or prehension consisting of simple
or variously modified prolongations of this element. The food-substances
ingested by the Protozoa may be incepted by a single well-defined oral
orifice or cytostome, or there may be a plurality of such apertures. Among
the Rhizopoda and many Flagellata, on the other hand, such material may
be indefinitely received at any point of the periphery, while in yet a fourth
series, chiefly endoparasitic—such as the Opalinide—there is no oral



32 A MANUAL OF THE INFUSORIA.

aperture, definite or distributed, the zooid absorbing through the surface of
its integument the nutritious liquid pabulum in which it is constantly
immersed. In their development the Protozoa exhibit a tendency to increase
chiefly by the process of binary subdivision or gemmation, or through
the breaking up of the entire body into a number of sporular elements,
which may or may not be preceded by the conjugation or zygosis of two
or more individual zooids or units. No sexual elements developed scpa-
rately, and corresponding with the ova or spermatozoa of higher animals,
occur among the Protozoa, and in no case is there associated with the
developmental phenomena of this sub-kingdom the formation of a multi-
cellular germinal layer or blastoderm, the fundamental origin and ground-
work of all tissue structures in the more highly organized animal groups
or Metazoa.

The earliest subdivision of the Protozoa into secondary sections or
orders as initiated by Von Siebold partook, as related in the preceding
chapter, of the simplest possible character. All the types then known were
separated by this author into the two subordinate groups of the Rhizopoda
and Infusoria, the former characterized by the pseudopodous, and the
latter by the ciliate or flagelliform character of the locomotive append-
ages. Correlated with the systems of the present day, this proposed
primary subdivision of the Protozoa still finds many advocates, an identical
plan, though in different wording, being indeed adopted by Professor
Huxley in his ¢ Anatomy of Invertebrated Animals’ 1878, p. 76, and in
which it is suggested that all Protozoa may be conveniently distinguished
as Myxopods and Mastigopods. These two correspond so precisely and
respectively, with reference to their locomotive appendages, with the Rhizo-
poda and Infusoria as instituted by Von Siebold, that but little advantage is
to be gained apparently by the proposed exchange. With reference to the
latter of these two terms, it is further worthy of remark that it coincides to
a considerable extent, in both sound and the sense implied, with the
Mastigophora of R. M. Diesing.

Following out the further subdivision of the two foregoing primary
sections of the Protozoa into secondary groups or orders which has up to
the present time found most extensive support, the first—that of the
Rhizopoda, or Myxopoda—is found to include the Amcebina, Foraminifera,
and Radiolaria, while the second—that of the Infusoria, or Mastigopoda—
embraces in a similar manner, and in accordance more especially with the
classification-scheme introduced byMessrs. Claparéde and Lachmann, the four
orders of the Ciliata, Cilio-Flagellata, Flagellata, and Suctoria. For this last
group—that of the Suctoria—Professor Huxley has proposed to substitute
the very appropriate title of the Tentaculifera, recent investigation having
shown that the more customary suctorial organs may be replaced by simply
prehensile and non-suctorial tentacles. By some, the small endoparasitic
group of the Gregarinida is reckoned to constitute a third and distinct class
of the Protozoa, but it is evident that we have here a degraded group of the
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ordinary Rhizopoda most nearly allied to the Amcebina, which exhibit a
like modification of structure with relation to the latter as is presented
by the Opalinide with respect to the ordinary Ciliata. The much-vexed
question of the zoological position and affinities of the Spongida or Porifera
has necessarily to be considered in association with the delimitation of the
sub-kingdom Protozoa. Formerly the members of this important section
were regarded mostly as forming either a subordinate group of the Rhizo-
poda, or an independent class of the Protozoa. More recently, however,
there has been a tendency to exclude the sponges entirely from the Protozoic
sub-kingdom, and to assign to them a position more nearly approximating
that of the Cecelenterata, or zoophytes and corals, among the more highly
organized tissue-constructed animals or Metazoa. Professor Ernst Haeckel,
the most powerful supporter and also the originator of this proposed
innovation, has based his arguments in favour of such transfer chiefly upon
his own peculiar interpretation of the structure and developmental phe-
nomena of those bodies, the swarm-gemmules or so-called ciliated larve,
hereafter described, by which the local distribution of special sponge
species is periodically effected. Taking on trust this developmental inter-
pretation of Ernst Haeckel, many leading biologists have committed
themselves to a similar exclusion of the Spongida from the Protozoa,
and it is thus that in Professor Huxley’s recently quoted work—which
must be accepted as the latest and most important exposition of Inverte-
brate anatomy in this country—a like allocation of this much-debated
group to the Metazoic section of the animal kingdom is upheld. Postponing
for a future chapter a complete summary of the grounds upon which an
interpretation entirely opposed to that advocated by Professor Haeckel is
adopted in this volume, it will suffice for present purposes to state that a
considerable interval devoted to a careful investigation of the structural and
developmental phenomena of the sponges and Protozoa generally has
resulted in the arrival by the present author at the opinion that—(1) these
phenomena accord essentially and entirely with those presented by the
typical Protozoa ; (2) that there is no formation of a germinal layer or true
tissue structure in any period of their development ; and (3) that the posi-
tion of the Spongida among the Protozoa is most nearly allied to that
Infusorial group here distinguished by the title of the Choano-Flagellata,
and out of which, by the process of evolution, there is substantial reason
to presume they were primarily derived.

Proceeding with the consideration of the subdivision of the Protozoa into
subordinate classes and orders, it has been further found, in association with
the investigations above referred to, that the older and primary groups of
the Rhizopoda and Infusoria, or of the Myxopoda and Mastigopoda, as
more recently proposed, by no means allow of as clear and natural a
grouping of their various orders as it is possible to submit, while it is still
less efficacious for the indication of the many complex affinities that
undoubtedly subsist between one and another, or, as it is often found,

D
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between one and many of these orders. The inadequacy of the several
systems hitherto proposed for the fulfilment of these last-named require-
ments, as also an outline of one closely corresponding with that here
introduced, were respectively recognized and provided for by the author
in association with the paper entitled ¢ A Monograph of the Gymnozoidal
Discostomatous Flagellata, with a Proposed New Scheme of Classification
of the Protozoa,’ communicated to the Linnzan Society on the 21st of
June, 1877, and referred to at some length in the ‘ Annals and Magazine of
Natural History ’ for January 1878.* In accordance with the scheme then
proposed, and as now submitted in its more extended form with certain
amendments, the fundamental basis upon which the subdivision of the
Protozoa into primary groups or sections is founded, bears relation not so
much to the varied character of the locomotive or prehensile appendages
possessed by the representatives of this sub-kingdom as to the nature of
the oral apparatus or systems subordinated to the function of food-
ingestion. Comparing small things with great, this morphological element
yields indeed as convenient and sound a basis for taxinomical diagnosis as
is afforded by the oral systems of the higher Invertebrata or the dental
formulz of the mammalian class.

Following out this newly proposed plan of subdivision, it will be found
that the entire series of the sub-kingdom Protozoa range themselves into
four natural and readily distinguished groups or sections. In the first,
most lowly organized, and with reference to its subordinate subdivisions or
orders most numerically abundant of these several groups, an oral orifice
in the literal sense of the term has no existence, food being incepted
indifferently at any point of the periphery or general surface of the body.
This most simple or elementary type of structure of the Protozoa is best
illustrated by such familiar examples as Amaba and Actinophrys, the various
representatives of the Foraminifera, and certain Flagellata such as Spumella
and Awnthophysa. TFor the distinction of these most simply organized forms,
characterized by the indefinite or generally diffused character of their oral
or introceptive area, the divisional title of the PANTOSTOMATA is here
adopted in place of that of the Holostomata originally proposed in the
earlier communications by the present author as above mentioned. This
latter term, while scarcely conveying the sense intended, possesses the
disadvantage of having been previously employed for the distinction of a
group of the Mollusca. Next in the ascending scale a group of the
Protozoa is met with, in which though differentiation has not proceeded
so far as to arrive at the constitution of a distinct oral aperture, the
inception of food-substances is limited to a discoidal area occupying the
anterior extremity of the body, and is associated with the special food-
arresting apparatus described in detail later on. To this section of the
Protozoa are naturally relegated all the minute collar-bearing flagellate
animalcules first discovered by Professor H. James-Clark, of which so

* Mr. Saville Kent, ¢ Observations upon Professor Ernst Haeckel’s Group of the Physemaria
and on the Affinities of the Sponges.”
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many new species are figured and described in this volume, and also the
entire assemblage of the sponges or Porifera. For this group, and with
reference to the characteristic discoidal configuration of the introceptive
area, the title of the DISCOSTOMATA, as previously proposed, is still retained.
In the third section of the Protozoa, as here defined, the highest degree of
organization is arrived at. Here alone, and for the first time, a single
simple or often highly differentiated oral aperture or frwe mouth is met
with, for which reason the group appropriately commands the title of the
EusTOMATA. Associated with this section are found the majority of those
organisms that collectively constitute the class Infusoria in the more
modern acceptation of the term, it embracing the majority of the Ciliata,
the Cilio-Flagellata, and such Flagellata as ZEwuglena and Chilomonas,
in which the presence of a distinct and circumscribed oral aperture has
been clearly demonstrated. With the fourth and remaining natural Pro-
tozoic section, the oral or inceptive apparatus exhibits a remarkable and
highly characteristic structural modification. This is not, as in the pre-
ceding groups, restricted to a definite area, nor is it associated indefinitely
with the entire general surface of the creature’s body. In place of this, a
variable and usually considerable number of flexible retractile tentacle-like
organs radiate from diverse irregularly disposed or definite regions of the
periphery, each of which subserves as a tubular sucking-mouth, or for the
purposes of grasping food. The representatives of this section, including
the so-called suctorial animalcules of Claparéde and Lachmann, or Tenta-
culifera of Professor Huxley, may be literally described as many-mouthed,
and appropriately designated the POLYSTOMATA.

A tabular view of these four sections of the Protozoa as above defined,
with their included classes, orders, and characteristic genera, is herewith
annexed. Upon examining this table it will be apparent that the
secondary subdivisions or classes of the Protozoa, as therein defined, by
no means coincide precisely with those more comprehensive and funda-
mental sections or groups into which the sub-kingdom may, as just
proposed, be primarily divided. Thus, within the section of the Panto-
stomata are found comprised the whole of the class Rhizopoda, and a
portion only of the Flagellata. The remainder of this last-named class
falls partly within the section of the Discostomata, which so far as known
includes Flagelliferous Protozoa only, and partly within the more highly
differentiated group of the Eustomata ; while within the boundaries of the
latter section are included, in addition to the Stomatode Flagellata, the
entire class of the Ciliata. It is in point of fact altogether impossible in
any such arbitrary and necessarily artificial, lineally arranged table to
adequately and intelligibly illustrate the innumerable cross-relationships
or lines of evolution that undoubtedly connect these various orders and
classes with one another. The special diagrammatic scheme given on the
page succeeding that of the tabular view, has therefore been constructed
by the writer with the purpose of as far as possible indicating, with the
following explanation, the more obvious of these affinities :—
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TABULAR VIEW OF THE SECTIONS, CLASSES, ORDERS, AND TYPICAL GENERA
oF THE SuUB-KingDOM PROTOZOA.

Sections.

A.
PANTOSTOMATA.
Ingestive area diffuse.

B.
DISCOSTOMATA.
Ingestive area discoidal,
not constituting a dis-

tinct mouth.

C.
EUSTOMATA.

Ingestive area taking
the form of a single
distinct mouth.

” \

POLYSTOMATA.

Ingestive areas distinct
and multiple.

Classes.

1. RHIZOPODA.
Appendages pseudo-
podic, lobate or
radiate,

II. FLAGELLATA,
Appendages
flagelliform.

III. CiILIATA.
Appendages ciliate.

IV. TENTACULIFERA.

Appendages
tentaculate.

ﬁ

Orders.

. Amoebina ..

. Gregarinida

. Arcellinida..

. Foraminifera

. Labyrinthulida ..
. Radiolaria ..

. Mycetozoa ..

. Trypanosomata ..
. Rhizo-Flagellata
10. Radio-Flagellata
II.

Flagellata-Pantostomata ..

12, Choano-Flagellata

{
{

(vel Discostomata-Gymnozoida)

13. Spongida ..

(vel Discostomata-Cryptozoida)
14. Flagellata-Eustomata
\ 15. Cilio-Flagellata

16. Holotricha.,

17. Heterotricha

18. Hypotricha

19. Peritricha .

20.

Actinaria ..

21. Suctoria

Genera.

. Amaba.
. Gregarina.
.. Gromia, Arcella.
. Rotalia, Nummulina.
. Labyrinthula.
. Actinophrys, Collosphara.
. Aithalium, Didyminm.
. Trypanosoma.
. Mastigamaba, Podostoma.

. Actinomonas, Eunchitonia,

Spumella, Anthopkysa.

Codosiga, Salpingaca,
Protospongia.
Halisarca, Grantia,

Spongilla.

. Euglena, Noctiluca.

. Peridinium, Heteromastix.
.. Paramecium.

. Stentor, Spirostomum.

. Eunplotes, Oxytricha,

Vorticella, Ophrydium.

Epkelota.

. Acineta, Dendrosoma.
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DIAGRAMMATIC SCHEME :—SHOWING RELATIONSHIPS, AND PRESUMED
PHYLOGENY, OR LINES OF EVOLUTION, OF SECTIONS, CLASSES, AND

ORDERS OF THE SUB-KINGDOM PROTOZOA.

LZUSTOMATA.

L=

.

S~o.
DAL ISR o

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

LANTOSTOMALA.
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Referring to the foregoing diagrammatic scheme, it will be observed that
the four primary sections of the PANTOSTOMATA, DISCOSTOMATA, PoLy-
STOMATA, and EUSTOMATA, including their more important classes and
orders as embodied in the preceding table, are circumscribed by a broader
and double circular line. Making use of a convenient metaphor, these
circular sections with their varied contents may be compared to so many
planetary systems or constellations, all derivable from one common centre
and indicating at the points where their peripheries are made to intersect,
their mutual relationship to, and interdependence on each other. The centre
of the entire series and common source from whence, through the process of
evolution, all the various types, orders, and classes of the Protozoa have
probably through a more or less extensive epoch of time developed, is
undoubtedly to be found among the most simply organized Pantostomata,
finding there its typical embodiment in the amceban order, the hypothetic
primeval ancestor of which may, for convenience’ sake, appropriately
receive the generic name of Profamaba. Accepting this last-named
generic type as the common basis for departure, the dotted lines radiating
outwards from it exhibit, so far as it is possible to predicate, the various
directions apparently traversed by the several phylogenetic lines or tracks
of evolution before their arrival at the more complex and outlying
members of the series. Selecting that phylogenetic line connecting the
central or amceban group with the most highly differentiated Eustomata
typified by the class Ciliata, as a first example in illustration of this
proposed scheme, the following explanation may be submitted. The
first cycle of development in this direction, exhibiting a transition from
the Rhizopodal or Myxopodous towards the Flagelliform or Mastigopodous
structural type, is evidently embodied in the group or order of the
Trypanosomata. An Amaba flapping through the water, or other in-
habited fluid, through the medium of a flattened, crest-like and undu-
lating extension of its lateral margin, constitutes to all intents and pur-
poses a representative 7Zzypanosoma. Although among the few known
members of this series a flagellate appendage is not as yet perfectly
developed, such organ may be said to exist in its most pristine and
rudimentary condition in the tag-like prolongation of one extremity of
the body that constitutes so important a characteristic of the species
Trypanosoma sanguinis, as more recently figured by Professor E. Ray
Lankester, and reproduced in PL I. Figs. 1 and 2 of this volume.
The lateral crest-likes extension which represents the most prominent
characteristic of this order, carries with it an equally, if not still more
important significance. A similar structure associated with the title of an
undulating crest or membrane, is constantly recurring among the more
_highly organized groups of both the Flagellate and Ciliate Protozoa, and
undoubtedly takes its origin from this source. As illustrations in this
direction, reference may be made to the supplementary undulating mem-
branes that form a permanent characteristic of certain species of the genera
Trichomonas, Hexamita, and Conchonema, among the Flagellata; and of
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Lembus, Condylostoma, and Spirockona, among the Ciliate class of the
Protozoa. Furthermore, as recorded by the author in the systematic
portion of this treatise, the characteristic adoral fringe of certain higher
Ciliata, such as Stentor and Euplotes, is developed through the splitting
up of a similar primary undulating membrane.

In the next cycle of advance, as exemplified in the order of the Rhizo-
Flagellata, the several genera, Mastigameba, Rhizononas, and Podostoma,
while retaining the general characteristics of repent or floating Amaebe,
have superadded a distinct flagellum, and undoubtedly constitute the root-
forms of several leading sections of the Protozoa hereafter referred to.
The retraction of the pseudopodic processes of the Rhizo-Flagellata, with
the retention of the flagellum and capacity to incept food at any point
of the periphery, is alone required to perfect the passage to the next
succeeding order, that of Flagellata-Pantostomata. In this group we find
a considerable diversity in the number and character of the flagellate
appendages, this organ being single in such simple types as Monas and
Bodo, double in Spumella and Anthophyse, while in others such as Tetramitus,
Hexamita, and Lophomonas, the number is very considerably increased. It
is among the Polymastigous section of this order, somewhere near Lopho-
monas, that the remarkable compound marine type Magosphera planula,
Pl I. Figs. 12-17, upon which Professor Haeckel has proposed to found a
new class group entitled the Catallacta, should apparently be placed. A
special feature of Magosphera, as described by Haeckel, is exhibited by
its tendency to revert to a repent amceboid phase pending the process
of encystment and reproduction. A similar disposition is, however, as
hereafter shown, shared by the majority of the Pantostomata.

In proceeding to the next group or order in the direct line of evolu-
tion, the boundary line that circumscribes the class of the Pantostomata is
necessarily traversed, and the associated forms, while still characterized
by the possession of one or more flagellate appendages, exhibit their
higher grade of organization through the development of a well-defined
oral aperture. This order, upon which is here conferred the title of the
Flagellata- Eustomata, embraces among its more familiar genera the types
Euglena, Astasia, Noctiluca, and Anisonema. The interesting order of the
Cilio-Flagellata, including chiefly the Peridiniide and a few aberrant
forms such as Heteromastix and Mallomonas, are alone wanting to make
the phylogenetic line from Amceba to the most highly specialized class
of the Protozoa, that of the typical Ciliata, entirely complete. Arriving
at the termination of this evolutionary line or phylum, it is requisite
to make a passing reference only to the group of the Opalinide, which,
although possessing no oral aperture, are plainly retrograde forms of
Holotrichous Ciliata, exhibiting, by reason of their endoparasitic habits, a.
similar loss of this otherwise essential organ of nutrition as obtains in
the corresponding parasitic Cestoidea among the Annelidous, or the
Rhizocephala among the Crustaceous sections of the Invertebrata.

Returning once more to the Amcebina, and following out the line that
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terminates in the Tentaculifera, the first important divergence from the
preceding track is encountered on arriving at the newly instituted order of
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