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PREFACE

Owine to the new regulations, it has become necessary
for all who wish to graduate in Medicine at the Calcutta
University to obtain knowledge of the structure of
animals by dissection. The anatomy of vertebrate
types is described in many good books, but the common
invertebrate animals of Bengal, which are peculiar to
the country, have not been described hitherto in any
text-book. It is necessary that the types for dissection
should be of common animals, which may be obtained
in large quantities. In England even Protozoa can be
conveniently obtained by purchase. This is not the
case in India; but the source of the material for our
classes must be as certain as in other countries. The
types selected are not in all cases those required by
the University syllabus. Some of the types mentioned
therein, such as Euglena, Sphenopus, Eunice, Bipalium,
and certain Echinoderms, cannot be obtained in sufficient
quantities for classes which may number as many as
one hundred and fifty students. Because it was urgently
required, the book has been written somewhat hurriedly,
and is therefore likely to contain errors. I shall be
grateful to other teachers in India who may point
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them out. In drawing the figures, I have tried to
express only what I have seen; when possible, the out-
line was guided by the camera lucida.

The last chapters of the book deal with Evolution,
Variation, and Heredity in a simple manner. It is
difficult to decide what should be taught about these
debatable subjects, but as they are fast growing in
importance at the present day, they should, I think, be
introduced to the students’ notice.

I have treated these subjects here much ag in the
lecture room—that is to say, in the way that has seemed
best to me as a result of observation and reading. My
chief endeavour has been to awaken the interest of
students in these subjects. However much of truth
or untruth the teaching may contain, the interest shown
in it hitherto by a number of my students has been
encouraging.

I am much indebted to Messrs. Macmillan & Co.
for their kindness in allowing me to make use of certain
illustrations (viz. Plate XIV., in toto ; Plate III., Fig. H;
Plate VI., Fig. C); and to Messrs. Smith, Elder & Co.
for the kind permission to make a quotation from
Marshall & Hurst’s “ Practical Zoology.”

R. E. L.
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INTRODUCTION

(To THE STUDENT)

A stupENT Who, for the first time, enters upon a course
of training in Biology or in any other science, will find
that the subject is somewhat different from other kinds
of learning. He will find that his attention is directed
towards material things, their appearance and behaviour.
The observations and thoughts of those who have ex-
amined the material things of the world are expressed
in many books. These books are the guides which
will help the student to acquire experience; but he can
only gain experience of things by examining them for
himself. Science is our united experience of material
things as expressed in books. The student must
approach science in a spirit of inquiry as to whether
his observations agree with those of others, and as to
whether the thoughts of others, as expressed in the
books, find a natural reflection in his own mind. He
is at liberty to form his own opinions; the only test
of the worth of his opinions to himself is that they
shall be clear and definite, and not uncertain or hazy.
Biology treats of material things which are endowed
with life. The animal and vegetable kingdoms are so
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large that a man can only study & small part of them.
Suppose for example that, of several independent ob-
gervers, each studies a different part of the animal or
vegetable kingdom : one may study the four-footed, hairy
animals, another may examine the fish, the flowering
plants, or the ferns. They examine them in all their
aspects, as regards their minute structure, their method
of reproduction, and in their relation to the other living
things which surround them. Although the things
which they examine are in many ways dissimilar, each
independent observer will discover certain truths which,
on comparison, will be found to agree with those dis-
covered by the other observers. Certain general truths
are therefore applicable fo the whole range of living
things. It is these general truths which constitute the
science of Biology. The importance of Biology becomes
manifest as soon as it is clearly recognized that man-
kind is one with all living things.

Tue MerHOD OF StUupYy.—The student must seek
for knowledge of living things from the things them-
gelves; he must examine their outward form, their
internal anatomy, and their minute structure as seen
with the help of the microscope. Having understood
the structure of an animal by dissection and observation,
he must express it in some way, in order that his
impressions may be clear, and that he may compare
them with those of other people. The best method of
expressing such observations is by drawing. Hence,
under the new regulations of the Calcutta University,
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candidates for examination in Biological subjects must
submit their books of drawings in order to show that
they have personal experience of the subject. This
rule is vexatious to those students who possess the gift
of artistic expression in a very small degree. But it is
not necessary that the drawings should possess any
artistic merit; they may be the simplest of diagrams,
provided that they express the results of carefully made
observations.

The difficulty of representing the relative size and
positions of the various features of a dissection may be
overcome by using dividing compasses. By means of
these instruments, the size of the various organs and
the distance betwéen them may be measured in the
dissection, and transferred directly to the paper. Those
students, to whom it is a particularly difficult matter to
represent the structure of an animal by drawing, should
consider that they are inferior to their fellows in the
clearness of their mental pictures of structures in
general, and that they are therefore in special need of
that training which they will obtain in their efforts to
overcome the difficulty.

Tee Use oF THE Microscore.—The student will be
shown how to use the microscope in the laboratory
when the instrument is before him; it is therefore
unnecessary to deal with the subject at length, but it
is well to emphasize two important rules which are
often violated, even by those who have used the instru-
ment several times.
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The Focus.—It is necessary at all times, and especially
when examining objects with the higher powers of
magnification, to keep the hand on the fine adjustment
screw, and to constantly alter the focus of the instru-
ment. Even the minutest object has an upper and a
lower surface, and is bounded by sides, but beneath
the microscope these several aspects cannot all be seen
at the same time. In the early part of their training,
students often fail to understand the form of microscopic
objects because they have not learnt the habit of con-
stantly altering the focus of the instrument. Suppose
for example, that an observer is trying to understand
the shape of three microscopic objects, which, unknown
to him, are in reality very minute cylindrical glass
bottles. They are all alike in shape, but they lie in
different positions, and because of this they will each
present a different appearance when examined under
the microscope. Through a microscope we look down
upon an object from above, therefore a bottle that is
standing upright will appear simply as a circle of glass;
another, which is leaning obliquely against it, will
appear as an oval figure; a third, which is lying on
its side, will probably be out of focus, and therefore
invisible ; but, if it can be seen, it will be the only one
of the three which will give the observer a clue to the
form of the object—in it he will be able to see the sides
of the bottle in all their length, the bottom, the neck,
and the cork, if there is one. While the focus screws
are at rest, all that the observer can see lies in a single
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plane, which is like a section cut horizontally through
the various objects. This section is called an optical
section. It is impossible to form an opinion as to the
whole form of a solid body by examining one section
of it, but by shifting the focus many optical sections
are brought into view, the upper and lower surfaces of
the object become visible, and the form of the whole
object becomes known to the observer.

It is necessary to lay stress on this simple rule, for
it often happens that students will sit in the class-room
with hands folded, waiting for the demonstrator to show
them something which they cannot see, simply because
it is out of focus. Just as in dissecting the hand helps
the eye to search, so also, in using the microscope, the
hand must never be at rest, but should manipulate the
focus adjustment screw.

The Laght Supply.—Microscopic objects of an animal
and vegetable kind can only be examined properly when
they are transparent. If they are opaque, they must
be rendered transparent by treatment, or they must be
cut up into slices or sections which are so thin that
light can pass through them. Pieces of animal and
vegetable matter become more or less formless when
dry; they must therefore be examined in some fluid.
A simple method of examination is to place the object
in a drop of water upon a piece of glass called a slide.
The drop containing the object is then covered with
another piece of very thin glass, which is called a cover
slip. The slide is placed upon the stage of the microscope ;
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light is reflected from the mirror of the microscope
upwards through the glass slide, through the object
and the water in which it lies, and the superimposed
cover slip, and finally through the lenses of the instru-
ment and into the eye of the observer. Most micro-
scopes are provided with two mirrors, a flat one and
a concave one, which are set back to back, and form a
single pivoted disc. Between the mirror and the stage
there is, even in the simplest microscopes, some con-
trivance by means of which the operator can stop as
much or as little of the reflected light as he wishes.
In some microscopes this contrivance takes the form
of a metal plate or diaphragm, which is pierced by a
number of circular apertures of different sizes, any
one of which may be interposed between the mirror
and the stage; other microscopes have an “iris dia-
phragm,” which contains a single aperture of variable
gize, like the pupil of the eye.

In order to examine a small transparent object with
the microscope to the. best advantage, the light from the
mirror must be regulated. The practical importance
of controlling the light will become known to the student
after he has made the following experiment: Prepare
a minute filament of glass by melting the middle of a
glass rod in a flame and quickly drawing the ends
apart, place a small piece of it in water on a glass
slide, and examine it under the low power of the
microscope. Regulate the light in the following
manner :—
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1. Use the flat mirror, and let the aperture of the
diaphragm be as small as a pin’s head.

2. Use the concave mirror, and let the aperture be
wide open.

Under the first conditions the filament will be very
easy to see, because its margins are defined by broad
black lines, but under the second conditions the margins
transmit light to the eye, so that the object is less easy
to see. The student will understand this when he has
learnt how light is refracted or bent as it passes from
one transparent substance into another of different
density. The practical point to be learnt from the
experiment is that a delicate and colourless object, such
as a bacillus or the tail of a spermatozoon, is invisible
when illuminated by the whole light of a concave mirror ;
this fact must never be forgotten.

Under the conditions of the first experiment the
bold definition of the object is due to the refraction of
the light passing through it; in other words, we may
explain the phenomenon as being due to the fact that
the glass filament is of greater density than the water
in which it is lying. This may be proved by examining
the filament in some fluid of greater density than water,
such as Canada balsam (or glycerine). In this condition
the object is almost invisible, for the glass filament and
the balsam are nearly of the same density, and the light
passes straight through both of them without being
refracted.

StamniNe.—If in the last experiment we had used
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a filament of red or blue glass, it would have been very
easy to see because of its colour, and, as a whole, it
would present & truer appearance than when defined
by thick black lines as in the conditions of the first
experiment. Moreover, it would be most visible when
illuminated by strong light-—that is to say, by the un-
reduced light of a concave mirror. This explains the
custom of staining mieroscopical objects, and indicates
how stained objects should be examined. Some simple
methods of staining will be described subsequently. The
process of staining and mounting objects in Canada
balsam is not usually carried out by the students in
an elementary course, but objects which have been so
treated are frequently offered for observation. Briefly
the process is as follows: After being stained, the object
is first soaked in alcohol and water, then in absolute
alecohol until all water is subtracted from it. The
object is then placed in clove oil, and subsequently
transferred to the Canada balsam, in which it is mounted
permanently on a glass slide. An important reason
for staining microscopical objects is to render certain
parts of them visible by contrast. Some of the sub-
stances which constitute an qrganism absorb various
stains more readily than others; some of them have
a special power of taking up certain stains. The
peculiar relations between such substances and the
various kinds of colouring matter is of great use in

microscopical investigations.
Dissrcrion.—In order to examine the structure of
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any animal to the best advantage, it is necessary to
commence the dissection in a particular manner, and
to proceed from start to finish in orderly succession.
In the case of each type the various steps of the dis-
section are indicated in the foregoing pages. These
steps should be carefully followed by the student, but
as there is more to be seen in the structure of the
animals than is described in these pages, the book
should not be followed too closely. The student must
form the habit of learning from his dissection ; he should
treat the book merely as a guide.

InsecTION.—A good method of investigating some of
the hollow sac-like organs which occur in many animals
is by the injection of coloured fluids. This is easily
performed in the case of small animals by means of an
ordinary hypodermic syringe. A suitable fluid for in-
jection is pure carmine, which can be finely ground up
in water but does not dissolve. It is necessary that
the carmine should be pure. As purchased in India, this
pigment is usually adulterated with soluble dyes, such
as eosin, which stains the walls of the organs, and
diffuses through them so as to spoil the effect of the
injection.

Injection with a hypodermic syringe is easy to per-
form. The hollow needle must be thrust through the
wall of the organ into the cavity with some care, so
that the opposite wall is not damaged; the piston of
the syringe must be pressed slowly, otherwise the cavity
which is being injected may burst. Injection is often
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performed in order to demonstrate the vascular systems
of those animals which have colourless blood, but the
method is also very useful to discover the outlet and
communications of hollow organs, such as the kidneys
of the snail and the prawn.



CHAPTER 1
THE PROTOZOA

ANmvars are composed of living material, which is called
protoplasm. Except in the simplest animals the proto-
plasm is arranged in the form of separate units or cells,
each a minute piece of living matter. A complex animal
is composed of a vast number of these cells, which are
of different kinds and are combined to form the fabric
of the body, much in the same way as bricks, beams,
and tiles are combined to form a house. It is the custom
to regard the body of the simplest animals as though it
were one cell; that is to say, it may be compared,
though not exactly, with one of the unjts which combine
to form a complex animal. The simplest animals are,
therefore, deseribed as unicellular, while others are
called multicellular. Unicellular animals are, as a group,
named the Protozoa. Multicellular animals are named
Metazoa.

Amorsa.—The Amoeba is among the simplest of the
Protozoa. The body of an Amoeba consists of a minute
portion of naked protoplasm, which is not constant in its
form, but variable from moment to moment. Amoebae
are very minute; with the aid of a microscope they may

B
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be found in various situations—among vegetation in
fresh-water ponds, in water which contains rotting organic
material, and also as parasites in the intestines of many
of the higher animals. In company with other kinds of
Protozoa they may be obtained from what are called
infusions. To make an infusion a quantity of hay or
leaves must be placed in water. After about twenty-four
hours or more, according to the temperature, the water
looks yellowish, and the surface becomes covered with an
opaque film. If some of this film be removed and
examined under the microscope, it will be seen to contain
numerous minute rod-like bodies, many of which move
actively ; these are bacteria which have emerged from
minute round bodies called spores, just as a chicken
emerges from its egg. The spores of the bacteria are
present everywhere, attached to the hay and floating in
the air. They are not killed by ordinary heat and
drought; they are reproduced in the bodies of parent
bacteria. The appearance of the bacteria in the water
marks the first stage of putrefaction. Soon after the
appearance of the bacteria, various Protozoa may be
found in the infusion ; these have emerged from bodies
called cysts, which also are distributed everywhere. The
Protozoa feed actively upon the bacilli and upon one
another.

As an example of an Amoeba, a large form which
is sometimes found in infusions will be first described.
To obtain it, place a piece of straw from a two or three
days’ infusion upon a glass slide, and scrape it with a
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knife. Place a cover-slip over the dirty greyish-looking
fluid which has exuded, and examine it under the low
power of the microscope. Among the various organisms
in the fluid may sometimes be seen an Amoeba large
enough to be recognized without much difficulty. When
found, examine it under the high power.

The Amoeba is a piece of living material or proto-
plasm ; it is translucent, but not equally so throughout ;
it is surrounded by an outer layer, or ectoplasm, which
is almost as clear and transparent as glass. The more
central portion, or endoplasm, is opaque, and contains
numerous granules. The shape of the Amoeba is not
constant for any length of time, but changing, owing to
the protrusion of blunt lobes which may be thrust out
from any part of the surface. When such a lobe or
pseudopodium is thrust out, a flowing movement of the
granules of the endoplasm may be observed. The
granules stream down the central axis of the pseudo-
podium until they reach the blunt end, where they are
reflected outwards, so that in returning to the main
body they take a superficial course. The movement
within a pseudopodium is therefore somewhat like the
movement within a fountain of water which is forced
vertically into the air. When the animal wishes to
move in a certain direction, a large pseudopodium is
thrust out in that direction and the bulk of the endo-
plasm is poured into it, so that the whole animal shifts
its position. Pseudopodia are also thrust outwards
towards particles of food material, which become engulfed
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within the ectoplasm to be passed into the endoplasm,
where they are digested.

Within the endoplasm is a spherical body which is
somewhat opaque, this is the nucleus; sometimes two
nuclei are present. (Every cell of a multicellular animal
contains a nucleus; it is because of this fact that the
body of an Amoeba or other Protozoon appears to be
a single cell) There are many particles in the endo-
plasm which have the same appearance as the various
particles in the surrounding water; they are ingested
food material. Sometimes they can be seen to lie within
minute spherical spaces in the endoplasm, which are
called food vacuoles. Another kind of vacuole can
always be seen in the endoplasm; this is much larger,
and is called the contractile vacuole. It should be
watched while it expands slowly until it bursts like a
bubble. When large it is near the surface; and if then
it be viewed from the side, the ectoplasm which covers it
may be seen to bulge and become thinner and thinner,
until it ruptures at a point and the contents of the
vacuole are discharged. If it is viewed from above and
not from the side, the ectoplasm around the point of
discharge assumes a radiating appearance, which is
perhaps due to minute folds of the surface, which must
naturally form as the bulged ectoplasm sinks back into
its normal position. As soon as the contractile vacuole
has discharged its contents from the body, it again
commences to fill and expand as before. The contractile
vacuole is doubtless an excretory organ, the fluids that
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are discharged must contain the waste products of
metabolism (Chap. VIIL.).

Other Kinds of Amoebae.—A smaller kind of Amoeba is
common among the dark green slime which accumulates
in wet gutters. With the help of a microscope we can
see that the slime from a gutter consists of a tangled
mass of green filaments, which are minute plants called
Algae. A small piece of such material should be placed
upon & slide in a drop of water, and broken up very
finely with needles. By this means the Amoebae become
dislodged from among the green filaments. The slide
should be covered and examined. Amoebae found in this
way, as well as those found among Algae in fresh-water
ponds, are smaller than the kind just described, and
have long, thin pseudopodia which are composed of clear
ectoplasm throughout ; that is to say, a granular axis can-
not be seen in them. Otherwise, these Amoebae are like
the kind just described, but they can be obtained with
much greater certainty. Another kind may generally
be obtained from the intestine of the common cockroach.
Amoebae which live in the intestines of multicellular
animals are called Endamoebae ; one kind of Endamoeba
causes dysentery and liver abscess in man. To obtain
Amoebae from the cockroach, kill the insect with chloro-
form and pull off the end of the abdomen. The intestine
will be seen as a black chord stretching between the
torn-off portion and the rest of the body. Cut out a
portion of this and place it upon a slide in a drop of salt
golution. The intestine is a membranous tube with
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black contents; it must be cut open with fine scissors,
the contents scraped from the inner wall and mixed in
the salt solution. The mixture must be covered and
examined; various parasites can usually be seen—thread-
worms (Oxyurus), large ciliated Protozoa (Nyctotherus),
and numerous Endamoebae. The Endamoebae are small,
and must be sought for under the high power of the
microscope. They are peculiar in being very trans-
parent, as though entirely composed of ectoplasm, in
which are embedded a few large food particles. They
are sometimes very active, and thrust out rounded
pseudopodia with great rapidity; at other times they
assume & spherical form, as though resting. Although
large Amoebae are not easily obtained in infusions,
minute Amoebae may almost always be found in them.
Such Amoebae are often very active; but vacuoles and
even nuclei cannot easily be seen in them: they are
perhaps stages in the life-history of other Protozoa.

When the water in which Amoebae live is becom-
ing dried up, they undergo encystment, assuming a
spherical shape and surrounding themselves with an
impervious coat or cyst. In this form they can resist
drought and moderate heat; they may be scattered by
the wind until they find themselves in water again.
Amoebae have been seen issuing from such cysts.

The reproduction of Amoeba is by simple division of
the body, and is preceded by simple division of the
nucleus. The round nucleus assumes the shape of a
dumb-bell or hour-glass, and the two halves become



THE PROTOZOA 7

separated. After division of the nucleus, the entire body
undergoes a similar change ; on separation, each half of
the body contains one-half of the old nucleus. This
method of reproduction is essentially different from that
of multicellular animals. In the reproduction of higher
animals, portions of the body are thrown off from time to
time to form offspring, but the parent body must finally
undergo death. In Amoeba, the parent body divides and
forms two offspring, so that it does not die, but becomes
continuous in the offspring. Much remains to be dis-
covered about the life-history of Amoebae.

Protozoa, such as Amoeba, which change their shape
and thrust out pseudopodia are placed together in a
group and named Lobosa. Some Lobosa form hard pro-
tecting shells for themselves. Of these the form known
as Difflugia is sometimes found in Indian ponds. This
Protozoon forms a balloon-shaped shell by cementing
together particles of sand. The nucleus and most of
the protoplasm remains within the shell, active pseudo-
podia are thrust out through an opening in the shell
which represents the mouth of the balloon.

There are certain groups of Protozoa which must be
passed over hurriedly, although each group is large
enough to form the study of a lifetime.

THE FORAMENIFERA

These Protozoa live in the sea, floating near the
surface or crawling on the bottom. Like Difflugia they
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form a hard shell, sometimes of sand, more often of
calcium carbonate, which they secrete from the sea-
water. The shells are always perforated by minute
round apertures. The protoplasm lies partly within the
shell and partly around it, and is continuous through
the apertures. The mature shell is generally composed
of several chambers. At the commencement of its life,
the young Protozoon forms for itself a single chamber
resembling that of Difflugia, except that it is perforated ;
when it becomes too large for its shell it forms another,
which is fixed to the first. Many others are formed in
guccession as the animal grows. The several chambers
are arranged in different ways among the different kinds
—in a straight line, in a spiral, or in other ways. The
Foramenifera are of importance as builders of the earth’s
surface. They are very numerous in the sea; by their
united power of secretion they convert vast quantities
of dissolved caleium salts into solid calcium carbonate,
which is added to the crust of the earth; for when a
Forameniferan dies, its shell sinks to the bottom of the
ocean and remains there. In much of its area, the mud
of the ocean is almost entirely composed of shells of
Foramenifera, and it is also known that some of the
rocks which constitute the earth’s surface are also largely
composed of the minute shells of Foramenifera which
lived in bygone ages (Chap. IX.). The Foramenifers
differ from the Lobosa in their method of reproduction.
The Radiolaria are another large group of Protozoa
which also are found in the sea; they mostly secrete
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perforated shells of silica, which sink to the floor of the
ocean and remain there.

THE SPOROZOA

These will be described in more detail, as they are
common and sometimes cause disease. A mature Sporo-
zoon is generally covered outwardly with a delicate and
firm layer or cuticle, which prevents the protrusion of
pseudopodia, but may not prevent all movement. Con-
tractile and other vacuoles do not occur in Sporozoa,
because the method of nutrition is different from that of
other Protozoa. The Sporozoa live as parasites within
the bodies of multicellular animals; although they may
often be found lying free in the various cavities of the
body, they always pass some part of their life-history
within a cell of their host, by the juices of which they
are nourished.

MoNocystis.—A large Sporozoon named Monocystis
may be obtained from the organs known as the seminal
vesicles of the earth-worm. It seems impossible to
find an earth-worm which is not highly infected with
this parasite. In India the degree of infection is much
greater than in more temperate climates. If a small
portion of one of the seminal vesicles of an earth-worm
(Chap. II1.) be pressed into a drop of salt solution upon a
slide the drop will be rendered turbid. With the naked
eye the drop may be seen to contain minute white
specks, which are the Monocystis. The drop should be






PLATE 1.
Various PRoOTOZOA.

A. An active Amooba from fresh water. 1. Nucleus; 2. Contractile
vacuole; 3. Pseudopodium,

B. The same in a state of contraction,

C. An Amoeba from the intestine of a man who was suffering from
dysentery. 1.the nucleus; 2. remains of ingested corpuscles from
the man’s blood.

. Amoeba from the intestine of a cockroach.

. Amoebulae from an infusion.

Vorticella (side view). 1. macronucleus; 2. micronucleus; 8. con-
tractile vacuole; 4. undulating membrane; 5. food vacuole;
6. paroral cilia; 7. adoral cilia; 8. contractile fibre.

G. Vorticella (from above); 1 and 8 indicate the first and last cilia of
the adoral row; 2. vestibule; 5. disc. (For convenience, only the
bases of the adoral cilia are shown.)

H. Nyctotherus from the intestine of the cockroach ; 1. macronucleus;
2. micronucleus; 8. anus; 4. contractile vacuole; 5. vestibule.

J. Herpetomonas from the intestine of & house-fly. 1. kinetonucleus;
2. trophonuclous; 3. flagella.

J'. Herpetomonas undergoing fission.

HEY

(N.B.—Figures A—H are drawn approximately to tho same scale
X 450, J—J’ x 2000.)
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covered and examined under the microscope. The many
parasites which are visible are not all alike, for they
have reached different stages in their careers. The
stages have received different names.

First Stage: The Trophozoite—A trophozoite feeds
and grows, and stores up reserve food material ; many
other animals and plants, besides nourishing themselves
for the moment, store up food material for future use.
The body of the trophozoite is a single elongated cell
surrounded by a thin cuticle, beneath which is a thin
layer of clear ectoplasm. The endoplasm forms the
mass of the body; it contains many oval granules
of reserve nutriment. The ectoplasm contains a layer
of fibrils which, like the muscle cells of multicellular
animals, are capable of contraction, and perform such
movements a8 the animal exhibits; these fibrils cannot
easily be seen. The nucleus is like a vacuole, in which
lies an opaque body called the karyosome. When the
trophozoite is young, it lies embedded in the protoplasm
of a special cell of the earth-worm which is called a sper-
matoblast ; but as it grows it absorbs more and more of
the spermatoblast until it becomes too large to be con-
tained within that celll. The mature trophozoite is
found free in the cavity of the seminal vesicle.

Second Stage : The Gametocyte.—It has been men-
tioned that most organisms reproduce their kind by
throwing off minute portions of their body, which grow
and develop until they resemble the parent. Such
portions always contain a nucleus, and are called germ



THE PROTOZOA 13

cells, or gametes. Gametes are of two kinds, male and
female, which are usually, but not always, produced by
separate individuals. The two kinds of gametes are
usually unlike one another in outward appearance, in
which case the female gamete is called an ovum, and the
male gamete a spermatozoon; contrary to the rule, the
gametes of Monocystis are all alike in outward appear-
ance. Whether the two kinds of gametes be outwardly
alike or unlike, their behaviour is the same, for they
seek one another in pairs, and unite to form a single
nucleated cell, which is called a zygote. The single
nucleus of the zygote is formed by the fusion of two
nuclei, one from each gamete. The formation of a
zygote is the first stage in the reproduction of all orga-
nisms (except those few which reproduce their kind in
the manner called parthenogenetic).

The trophozoite of Monocystis when full grown
begins to form gametes, and is therefore referred to as
a gametocyte. Just before the process commences, the
trophozoites become associated in pairs : they lie side by
gide and surround themselves with a thin layer of
transparent material. They are thus associated for
purposes of reproduction within a spherical chamber
which is called a cyst. The nucleus of each divides by
mitosis (Chap. VIIL.) first into 2, then into 4, 8, 16, ete.,
until a large number of nuclei are formed. The pro-
cess of division is not easy to see: it proceeds within
the endoplasm, and is obscured by the granules. The
result of the process however, can be seen without
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difficulty, for as soon as the many small nuclei are
formed, they move towards the surface of the individual
gametocyte which produced them, and lie each within a
small portion of clear protoplasm. A gametocyte there-
fore becomes entirely surrounded by small units of
protoplasm, each of which contains a nucleus. These
units are the gametes. Changes of this kind occur
gimilarly and simultaneously in both of the associated
gametocytes. On their completion, the gametes become
detached from their fixed position, and can be seen lying
free in the cyst. They then become united in couples,
and it is justly assumed that those formed by one game-
tocyte seek and unite with those formed by the other;
the fact, however, is difficult to observe, because the
gametes produced by each individual are exactly alike
in appearance. As a result of their union a number of
bodies called zygotes are formed. Each zygote becomes
gsurrounded by a transparent coat of material called
chitin. In this condition the zygote is referred to as a
spore, because it leaves the body of the worm and lies in
the earth until it is swallowed by another worm. The
contents of the spore are saved from the effects of heat
and drought by its resistent coat. The spores are oval
in shape, with pointed ends like the outline of a boat.
The contents of a spore become divided into eight minute
elongated bodies which are called sporozoites. The for-
mation of the coat and the division of the contents, of
the spores takes place within the cyst. Cysts containing
ripe spores and others containing ripening spores can be



THE PROTOZOA 15

found without difficulty. Those cysts which contain
ripening spores also contain opaque granular material,
the remnant of the endoplasm of the parent gameto-
cytes which is expended in nourishing the spores and in
providing them with their hard coats.

Third Stage : The Sporozoite—-There are eight sporo-
zoites in every spore, each with a nucleus. When a
spore is swallowed by a worm the sporozoites emerge
and find their way into a special cell of the worm. They
grow and become trophozoites, i.c. the first stage of the
cycle.

Coccipia.—The Coceidia are another important group
of Sporozoa which are parasitic within the cells of higher
animals; they are not found in body cavities, nor do
they enter blood cells; they are oval in shape and
motionless. Their method of reproduction is completely
known, and is the same in principle as that of the
Sporozoon which causes malaria in man; it will there-
fore be described here, although it cannot be studied
practically.

The Development of  Coceidium  schubergi. — The
method of reproduction differs from that of Monocystis
in two respects. In Monocystis reproduction occurs
only by the formation and union of gametes; repro-
duction of this kind is called sexual. In Coceidium,
however, there are two kinds of reproduction, sexual and
asexual. Gametes play no part in asexual reproduction.
The second respect in which Monocystis and Coccidium
differ refers to the outward appearance of the gametes,
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In Monocystis they appear alike, but in Coccidium they
are outwardly of two kinds, as in the vast majority of
animals. Coccidium schubergi lives in the intestinal
cells of the centipede Lithobius forficatus.

The Trophozoite—The trophozoite is a motionless
oval body which lies wholly within the cell of the intes-
tine of the host. It absorbs nourishment and grows;
having reached maturity it undergoes changes for the
sake of reproduction. As we have already mentioned,
these changes are of two kinds.

Asexual Reproduction (Schizogony).— By this method
the parasites become multiplied within the body of the
centipede, so that more and more of the cells of the
intestine become infected until five days after the
entrance of the first parasite, when most of the intestine
is destroyed and the host begins to die. When the tro-
phozoite is mature its nucleus divides many times;
subsequently the protoplasm also divides, so that each
division contains a portion of nucleus. The dividing
trophozoite is called a schizont, and becomes resolved
into a large number of elongated bodies called mero-
zoites. The merozoites part company, fall into the gut
of the host, and, by means of their pointed ends, pene-
trate the other healthy cells which line the gut; after
penetrating a cell, they grow rapidly, and become mature
trophozoites, which again become schizonts. The events
therefore succeed one another in a cycle which is
repeated again and again until few healthy cells remain
in the centipede’s intestine ; other events then occur.
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Sexual Reproduction (Sporogony).—In this process
resistent spores are formed which pass out of the centi-
pede and into the earth, where they may be eaten by
other centipedes. Spores are formed, as in Monocystis,
by the union of gametes, which are of two kinds,
large macrogametes and small microgametes. The
gametes are produced in the following way. When the
centipede is becoming exhausted by the repeated asexual
cycles, the trophozoites become altered in appearance:
some of them become macrogametes, others produce a
number of microgametes. A macrogamete is a large
bean-shaped cell ; it is merely an altered trophozoite. A
microgamete is a minute filamentous body which moves
actively, being impelled by two lashing threads or flagella,
which are attached at either end of it. The micro-
gametes are formed much in the same way as mero-
zoites, by repeated divisions of a trophozoite, which is
in this case called a gametocyte. An active microgamete
moves towards the nearest macrogamete, which is usually
lying passively in the gut of the host, and becomes
fused with it. Thus the body called a zygote is formed,
from which the sporozoites are derived. The zygote
becomes covered with a tough, chitinous membrane, in
which condition it can survive outside the body of the
centipede. The zygote is a single cell with a single
nucleus formed by the union of two nuclei, which may
be called male and female: the nucleus of the macro-
gamete is called the female nucleus, the other which was
contributed by the microgamete is the male nucleus.

c
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The nucleus of the zygote divides into four pieces, each
of which becomes surrounded by a cyst wall, and further
divides into two sporozoites. = The zygote therefore
resembles that of Monocystis in that it is covered with
a tough, resistant wall, and breaks up into eight sporo-
zoites, but in Coccidium the sporozoites are formed in
couples. When a centipede swallows a zygote along
with its food, the sporozoites issue from the cyst, enter
the cells of the intestine and become mature tropho-
zoites, which undergo schizogony. The foregoing de-
geription is of the main facts of the reproduction, but
many other important details are known, which have not
been mentioned.

A union of two unlike gametes, the one small and
motile, the other large and passive, occurs in the repro-
duction of all the higher animals; this sexual method
of reproduction has long been known in them, but that
a similar process occurs among the Protozoa is a more
recent discovery.

Hagemosroripia.—In this group the trophozoite is a
parasite within the red blood cells of warm-blooded
animals. The most important of them are Plasmodium
and Laverania, which cause malarial fever in man. The
life-history of these parasites is essentially like that of
Coccidium. In it there are two separate cycles. The
asexual cycle (schizogony) oceurs within the blood of
man. The malarial parasites use the red corpuscles of
man in exactly the same way as Coccidium uses the
intestinal cells of the centipede; in other words, as a
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sporozoite they enter a red blood cell and feed upon it
as a trophozoite; when full grown they divide into a
number of merozoites, which disperse and infect other
healthy blood cells, just as the merozoites of Coccidium
infect other healthy intestinal cells. This cycle of schizo-
gony is repeated several times; at each dispersal of
merozoites the infected man gets an attack of ague.
The asexual cycle of Plasmodium malariae occupies
seventy-two hours, and causes quartan ague; that of
P. vivax occupies forty-eight hours, and therefore causes
tertian ague. The trophozoites of these parasites are
amoeboid; in this respect they differ from Coccidium.
The method and meaning of the sexual cycle is essentially
the same as in Coccidium. By schizogony, Coccidium
cannot pass from centipede to centipede, neither can the
malarial parasite pass from man to man. Only by the
sexual cycle (sporogony) can a fresh host be infected.
In both cases the sexual process results in the formation
of sporozoites ; in Coccidium these lie in the earth for
a time, and are therefore confined within a resistent
cyst. In the malarial parasite the whole sexual cycle
is passed in the body of a mosquito. Some of the
trophozoites in a man’s blood become gametocytes.
When the mosquito sucks the blood of an infected man,
the gametocytes pass with the blood into the stomach
or mid-gut of the mosquito, where unequal gametes are
formed and unite to produce zygotes, which are soon
after found projecting from the outer surface of the
organ. Within each zygote a large number of sporozoites
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are formed, which leave the zygote cyst and find
their way into the salivary glands of the mosquito and
lie ready to infect & healthy man. The details of this
process are usually treated as part of Pathology.

CILIATA

The Ciliata are Protozoa which possess cilia. Cilia
are delicate threads of protoplasm which are attached to
the surface of a living body, as our own hair is attached.
Cilia are outgrowths of the protoplasm of living cells,
and are in motion throughout the life of the cells which
bear them. The movement of a cilium is like that of
a man who bows rapidly, profoundly and repeatedly,
always in the same direction, and becomes more slowly
erect between each bow. A cilium is not independent
in its movements. Cilia are placed in rows, those in a
row move one after another, so that the movement in
a ciliated surface looks like the waves which pass over
a field of corn when the wind blows upon it. Cilia only
occur on surfaces which are in contact with water, or
covered by a film of moisture. The result of a vast
number of cilia moving in the manner described must
be either a flowing movement in the water, which is
compelled to pass over the ciliated surface, or & move-
ment of the ciliated body through the water, like a boat
which is rowed by oars. The production of currents in
water by means of cilia is frequent in the animal kingdom.
Nearly all animals, except Arthropods, possess cilia on



THE PROTOZOA 21

gsome part of the body; in man the tubes of the lungs
and some other parts of the body are lined by cilia,
which cause moisture to flow over their surface. Minute
animals which live entirely in water often use cilia for
progression. The ciliated Protozoa move in this manner.
The Ciliata are found in infusions, in fresh water, and
as parasites within the cavities of Metazoa. Like the
Sporozoa, they are covered with a thin cuticular layer
which prevents amoeboid movement; in nearly all of
them this is pierced by an aperture—the mouth. The
nuclear apparatus is two-fold; there is a large nucleus
called the macronucleus and a small micronucleus.
Paramorcrum.—This Protozoon, which is often found
in infusions, is distinctly visible to the naked eye. It
is very active in its movements, and is therefore rather
difficult to examine; it must, however, be carefully
observed in the living state. Place a drop of infusion
containing Paramoecia upon a slide and cover it, support-
ing the cover slip by means of another. Paramoecium
is ovoid in shape, with somewhat pointed ends, one end
being rounder than the other; the body is covered
everywhere with cilia, which are arranged in longitudinal
rows, and give to the animal a striped appearance. On
one side of the middle of the body is the mouth; this is
an oval aperture in the cuticle which elsewhere covers
the whole body. The mouth is the opening of a funnel-
shaped depression or vestibule, which is surrounded by
the soft inner protoplasm. In the wall of the vestibule
is a row of ‘cilia, which compel grains of food material to
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enter the mouth. The protoplasm of the body consists
of an outer clear ectoplasm and an inner granular
endoplasm. The ectoplasm contains a large number of
fine elongated sacs, which point towards the surface;
minute rigid threads are shot out from these sacs
through the cuticle. These are weapons of offence,
and are known as Trichocysts. Within the endoplasm
is a large oval macronucleus and a smaller micronucleus.
There are two contractile vacuoles, which usually open
upon the side opposite to the oral surface. Food
vacuoles are formed at the apex of the vestibule, and
circulate through the endoplasm. When a contractile
vacuole collapses, a stellate appearance can be seen
in the protoplasm around it, as though fluid were
streaming along lines radiating from the diminishing
vacuole.

Reproduction.—One Paramoecium becomes two by
simple transverse fission, without loss of material in
death. This is preceded by division of both the macro-
nucleus and micronucleus. Since Paramoecia are visible
to the naked eye, the process of reproduction can be
observed and controlled without much difficulty, and
many interesting experiments have been performed
upon this Protozoon. A Paramoecium was placed in
a small capsule until division was observed; the halves
were then transferred by means of a pipette to two
separate capsules, and each supplied with food (bacteria).
The halves grew and divided in their turn. In this
way a Paramoecium was seen to divide five times in
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twenty-four hours, giving rise in that time to thirty-
two progeny.

Conjugation.—Under certain conditions Paramoecia
conjugate, that is to say, two approach one another
and become united for a short time; in this union
the soft protoplasm of both becomes continuous through
the conjoined mouths, and an interchange of nuclear
material takes place between the two. Preliminary to
this change, certain events take place in the nuclei of
both individuals; the macronuclei swell up and become
dissolved in the endoplasm of the body; the micronuclei
divide into four (eight in some species); of these four,
three also disappear; the remaining fourth part divides
into two. In each of the pair one half of this nuclear
portion remains where it was formed, the other passes
through the conjoined mouths into the body of the
partner. After this exchange of nuclear portions the
animals separate. In each individual the two portions
of nuclei, the one its own the other borrowed, fuse
together; from the resultant a new macronucleus and
a new micronucleus are formed.

Now, as to the necessity of this process, it has been
found that, after fission has occurred about three hundred
times, the progeny deteriorate, and if they are prevented
from conjugating by artificial separation they will cease
to divide and ultimately die, but if in this deterior-
ated condition they be allowed to conjugate with fresh
stock their vigour is restored, and they begin again to
reproduce by fission. The effect of conjugation has
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therefore been spoken of as rejuvenescence. It has
been found that the necessity for conjugation can be
postponed artificially by supplying the Paramoecia with
particular forms of nourishment. It seems, however,
to be doubtful whether the necessity can be altogether
abolished by these means.

NyororreErus.—Paramoecium cannot always be ob-
tained. Infusions may be prepared time after time,
with the result that other kinds of ciliated Protozoa
appear which are smaller and less suitable for obser-
vation. A large Protozoon called Nyctotherus may
nearly always be obtained from the intestine of the
common cockroach. Nyctotherus is an oval and flat-
tened disc covered everywhere with cilia. There is a
deep oral groove on one side, which is continued as a
transverse groove across one of the faces of the disec.
The margin of this groove is fringed with a row of
cilia, at the base of which is a narrow membrane. The
transverse groove ends in a vestibule which dips into
the endoplasm. The macronucleus is large and oval,
the small round micronucleus lies by its side. There is
a¢ special and permanent excretory pore which opens
into a short passage terminating in the contractile
vacuole. The excretory passage always points towards
the side of the body upon which the oral groove lies.
Conjugation may often be seen in this Protozoon.

VorticeLrLa.—Vorticellae can always be obtained, and
are easily examined. They are commonly found attached
to weeds in fresh water; they also appear in infusions.
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Although they are convenient to examine, the details of
their structure are not very easy to see. By studying
them carefully, the student will come to know the
advantage of looking at microscopic objects from all
sides, with varying focus and light supply. The body
of Vorticella is shaped like a bell; in the place of the
handle of the bell is a long contractile stalk, by which
the Protozoon is fastened to some object, usually a float-
ing weed, sometimes a moving animal, such as a mosquito
larva. The whole body is covered with cuticle. Within
the margin of the bell is a groove which appears to be
covered by & thinner and more flexible cuticle. This
groove is called the peristome; it surrounds a smooth
circular disc which is placed as though it were a cover
or lid for the bell. When the animal is fully expanded,
the margin of the bell is turned outwards and downwards.
At one point upon the peristome is the opening of a pit
called the vestibule. In the fully expanded condition
the mouth of the vestibule can be seen at the highest
part of the peristome. Situated upon the peristome,
and completely encircling the disc, is a row of large
cilia called adoral, and a row of small cilia called paxe
oral. The adoral row is placed close outside the margin
of the disc; it is therefore arranged as a ring, but this
ring is not complete, for it is broken at the vestibule,
where one end of it lies outside and below the other.
The outer end of the ring is not a true termination of
the ciliary row, but is the spot where the row dips
abruptly downwards into the vestibule; this can be seen



26 AN INTRODUCTION TO BIOLOGY

without much difficulty, but it is less easy to see that
this vestibular row of cilia ascends in the opposite wall
of the passage, and becomes continuous with the inner
end of the adoral row. The paroral cilia are about half
the length of the adoral cilia, and are placed outside
them in a similar row. When the Vorticella is fully
expanded, a very delicate flap of membrane is thrust
out of the vestibule, which helps to direct the food
particles into the mouth. The tips of some of the
adoral and vestibular cilia can be seen brushing the
inner side of this undulating membrane, as the structure
is called. The substance of the body consists of a broad
clear ectoplasm and granular endoplasm. The food
vacuoles are large, and can be seen to circulate. It is
a good plan to introduce particles of carmine into the
water. If this has been done, it will be seen that each
vacuole contains not one, but several grains of the
pigment. When several grains of food material have
collected at the bottom of the vestibule, they become
enclosed within a vacuole which becomes detached
from it. A succession of vacuoles, formed in this way,
follow one another along a definite course through
the endoplasm, and are finally rejected into the upper
end of the vestibule at a particular spot called the anus.
The contractile vacuole lies between the disc and the
vestibule, and opens into the latter. The macronucleus
is a long bent rod, the micronucleus is small and round.
To see the nuclei properly, take a small tuft of Vorti-
cella attached to a weed, and dip it into acidulated
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methyl green for five minutes, wash it in one per cent.
acetic solution for a minute or two, and examine it under
the microscope in a drop of the latter solution. This
simple method of staining is most useful, and may often
be used to render nuclei conspicuous.

Reproduction and Dispersal.—A Vorticella may form
a third ring of long cilia, which surrounds the body close
above the stalk. The bell then becomes detached, and
with the help of these aboral cilia swims away through
the water. Vorticella may also become encysted ; hence
its appearance in infusions. Reproduction takes place
by longitudinal fission, as a result of which two indi-
viduals may sometimes be seen attached to the same
stalk side by side. One of them will become detached,
and by means of aboral cilia will swim away and settle
down in another place upon a new stalk.

FLAGELLATA

The Flagellata are active unicellular organisms which
are covered externally with a cuticle, and are provided
with one or more flagella. A flagellum is a thread of
protoplasm, and resembles a very long cilium ; it is used
to propel the animal through the water. Many flagellate
organisms contain the green substance called chlorophyl
which occurs commonly in the vegetable kingdom ; those
that are so endowed are able, with the help of sunlight,
to prepare starch for their own nutrition out of the
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carbon dioxide which is dissolved in the water around
them. The cuticle of some Flagellata is perforated by a
mouth, through which the animal obtains food. Others
have no mouth, and live either in the nutritive fluids
of other animals, or they support themselves wholly as
plants by means of chlorophyl. Some, such as Euglena,
which may occasionally be found in the fresh waters of
India, have & mouth and are also provided with chloro-
phyl. Among the Flagellata, therefore, are organisms
for which the. terms animal or plant cannot be used
with certainty. Those which have a cuticle composed of
the vegetable material called cellulose, and have chloro-
phyl but no mouth, are usually classed as plants; the
others which do not possess these things are looked
upon as animals; but a line eannot be drawn clearly
between the two groups, because forms such as Euglena
have both methods of nutrition. It is a most interesting
fact that the sharp line which can otherwise be drawn
between plants and animals becomes broken down among
simple organisms.

Herreromonas.—Many flagellate Protozoa are para-
sitic in the higher animals ; some of them are a cause of
disease in man. Herpetomonas is very common in the
intestine of common house-flies ; it is not confined to a
particular species, but may occur in any small museid
flies, such as are to be found upon the laboratory
windows. It will rarely be necessary to examine as
many as five flies before finding the parasite. Kill the
flies with chloroform, place one of them upon a slide in
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a drop of salt solution, snip the side of the abdomen with
scissors and pull off the hinder end of it, so that the
viscera are exposed in the salt solution. With needles
separate the abdominal viscera from the rest of the body,
which should be removed from the slide. If eggs are
present, they will be the most conspicuous things among
the viscera ; they are elongated white bodies which are
easily visible to the naked eye; they also should be
removed from the slide. The intestine, which remains
is a semi-transparent tube, it should be cut across in
two or three places by pressing upon it with a sharp
knife, so that its contents may flow out. Cover it with
a slip and examine under the high power of the micro-
scope. The contents of the intestine will be seen flowing
out from the cut ends, and with them the parasite.
Herpetomonas is a slender transparent organism which
varies from twenty to thirty micro-millimetres in length,
i.c. & little more than three times the diameter of a human
red blood corpuscle ; sometimes they are present in such
numbers that the intestine seems to be nearly choked
with them ; although transparent and small, they are
conspicuous because of their active movements. They
often struggle to keep their position against the current
as it flows from the intestine; a Protozoon may there-
fore behave in exactly the same way as one of the higher
animals in response to a particular circumstance. If a
fish or other swimming animal finds itself in flowing
water, it also will swim against the current so as to keep
its position. This fact becomes interesting when we
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consider the great anatomical difference between a fish
and a Protozoon.

In order to see the structure of Herpetomonas it must
be stained in a particular way. A small drop of the salt
solution containing many of the parasites should be dried
upon & slide, and stained by Giemsa’s method. They
should be examined with the highest power available. The
body of Herpetomonas is slender, the breadth being only
about one-tenth of the length ; it is tapering towards the

_extremities. One end is less pointed than the other, and
gives attachment to one or two long flagella. It seems
to be a matter of doubt as to whether one or two flagella
are normally present; some authors say that one is the
normal number, and that those which show two are
undergoing reproductive fission. On the other hand, the
appearance of two flagella is so frequent that it may be
regarded as a normal feature, on the supposition that the
appearance of a single flagellum is false, and due to two
flagella clinging together in their whole length. The
flagella are usually twisted in two or three coils ; when
they are straight they are somewhat longer than the
body. The body is stained blue; in the middle of it is
a large oval nucleus, which is nearly as broad as the body
itself, and is stained red ; thisis called the trophonucleus.
A short distance from the flagellated extremity is a small
deeply stained body called the kinetonucleus; between
it and the extremity is an oval unstained area, which
appears to be a vacuole. A fine thread can be seen
uniting the kinetonucleus with the bases of the flagella.
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Individuals which are undergoing longitudinal fission
can often be seen; if a number of them be carefully
examined, it may be noticed that in some of them the
flagellum appears to be single, even when the division
of the body is nearly completed; this is the strongest
reason for supposing that the appearance of a single
flagellum is deceptive.

Trypanosoma is a flagellate Protozoon which resembles
Herpetomonas in many ways ; it differs from it in possess-
ing an undulating membrane which is attached along
the whole length of the body, and somewhat resembles
in function the fin of a fish. Trypanosomes are found
in the blood of vertebrate animals of all kinds. They
do not penetrate the corpuscles of the blood, but swim
freely in the fluid. They are often harmless, but
they may be the cause of fatal disease, both in man
and animals. They are usually passed from one host
to another by the agency of a third animal, usually
an insect, which sucks the blood of the vertebrate for
its food. Another interesting method of transmission
oceurs in certain Flagellates, which are parasitic, in
insects ; some of the parasites migrate from the intestines
of the host and find their way into its eggs. When
therefore the young insect which develops out of the
egg enters upon its life, it is already infected with a
parasitic Protozoon.

The usual method of reproduction in all parasitic
Flagellates is by simple fission, as in Herpetomonas.
It is well known that other more complicated sexual
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methods occur, but at present our knowledge of them
is doubtful, and they cannot be spoken of except at great
length. It is however known that certain minute cells
called ¢ Leishman-Donovan” bodies may ocour as para-
sites in the tissues of man ; they can always be found
in the disease Kala Azar, and in Oriental sore. If
these bodies be cultivated in certain fluids, flagellate
Protozoa arise from them which are remarkably like
Herpetomonas in appearance.

PLATE IIL
SPOROZOA.

A. The life cycle of Coccidium (diagrams after Schaudinn).

The parasites are lying within the intestinal cells of the Centipede.
1-5. schizogony ; 6-9. formation of gametes (f. macrogm. ; . mi-
crogm.) ; 10. the zygote; 11-18. formation of sporozoites.

B—H reprosent stages in the life-history of Monocystis from the
seminal vesicles of the earth-worm.

An adult Monocystis.

Two individuals associated for reproduction in & cyst.

Formation of gametes.

. Union of gametes.

A cyst full of spores.

. A single spore containing 8 sporozoites.

. A young Monocystis within a spermatoblast.

B—F x 450. G x 2000. H x 900 (approx.).
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CHAPTER 1II
PORIFERA—COELENTERATA

It has been mentioned that the bodies of all animals
other than Protozoa are composed of a large number of
cells which appear to be distinet from one another.
However, the body of a multicellular animal must not
be regarded as a colony of separate cells, each strictly
comparable in itself to the body of a Protozoon, for the
cells of a Metazoon are in function and appearance of
different kinds, and are dependent on one another
for the performance of their several duties. We have
seen that the body of a Protozoon, although consisting
of a single cell, can perform all the functions which are
common to animals, such as to move, feed, excrete and
reproduce ; in a Metazoon the several functions are
distributed among the different kinds of cells. The
question as to how the several kinds of cells are related
to one another, and to the conditions of the outside
world, is dealt with by the physiologist. One of the
most important means by which the several parts of
a complex body are made to work in concert lies in
the invisible but demonstrable bodies called internal
secretions. These are substances which may be formed
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in a particular part of the body and produce effects in
other parts, or upon the body as a whole. It is largely
by their influence that the several parts of a complex
body work in unison, and an individuality is conferred
upon the whole. There is one group of animals, namely,
the Porifera, or sponges, in which the cells are so
loosely connected that the body has been regarded by
some a8 & colony of Protozoa rather than as an indivi-
dual Metazoon. The general opinion, however, is that
a sponge constitutes an individual body comparable to
that of any other Metazoon. Sponges are usually plenti-
ful in tanks in India, and as they illustrate in a simple
manner such important animal functions as phagocytosis,
symbiosis, and secretion, they should be examined by
the student. Sponges of the kind found in fresh water
are, for sponges, somewhat complex. The student must
know that there are very many different types of
sponges, and a proper understanding of the whole
group can only be obtained by examining several types,
especially the simple ones.

SPONGILLA

Spongilla is found in tanks adhering to submerged
objects ; it is variable in form. It occurs as nodular
masses, which may be as much as a foot in diameter ;
and such magses are sometimes attached to the sides of
the submerged steps of a tank, but more commonly they
measure two or three inches, and are found encircling
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a sunken branch of a tree or the stem of a water-plant.
Spongilla may form a flat encrusting growth, perhaps
upon a submerged stone. When found, it is not always
in a fresh condition. The structure is best seen in living
and vigorous specimens. The best examples for examina-
tion are very young specimens about the size of a pea,
which are sometimes found adhering to small floating
plants. Some sponges, especially small ones *which
grow in sunny places, are green, others are of a grey
colour. In general appearance Spongilla calls to mind
the well-known sponge of commerce: the surface is
covered irregularly with minute spiney projections, the
ends of needle-like bodies which are embedded within
the sponge, and are called spicules. Two or three
circular apertures called oscula can be seen upon the
surface; these are the openings of passages which lead
deep into the substance of the sponge. In the largest
sponges the oscula may be so large as to admit the
finger. Besides the oscula, the whole surface is covered
with minute round apertures, which are scarcely visible
to the naked eye; these are the ostia. During the life
of the sponge a current of water enters through all the
ostia and pours out of the oscula.

The sponge as a whole is built up of two kinds of
substance, the one forms the skeleton or framework, and
is composed of a large number of objects resembling
needles of glass. These needles, or spicules, are bound
together in bundles or strands which are united in the
characteristic manner commonly called ‘“spongy.” The
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other kind of substance is the living material protoplasm,
which is arranged as units or cells among the meshes
of the skeleton, and covers the whole outer surface of
the sponge.

Tue SkereroN.—The stability and firmness of a
sponge is due to its skeleton. For the examination of
this supporting framework it is well to choose a specimen
which is not very young. It is usually easy with a
sharp knife to cut from an old sponge a slice of about
one-eighth of an inch in thickness, which will not
readily fall to pieces. Such a slice should be removed
by two parallel cuts at right angles to the surface, so
that one edge of the slice will represent the surface.
The slice should be soaked for a few minutes in strong
nitric acid. The material of which the skeleton is com-
posed is silica, a glass-like substance, which is not in the
least affected, though all else is dissolved by the acid.
The slice should be washed in water and examined under
the low power. A number of strands are seen, the
largest of which are directed mainly towards the surface,
although not with great regularity; they are bound
together by lesser strands which cross one another in
any direction. Between the strands are open spaces
of irregular shape, some being roughly spherical.
Before the acid was applied, protoplasm occupied the
spaces and clung to the strands of the skeleton. It is
easy to see that the strands are bundles of separate
bodies which resemble needles of glass; these are called
gpicules; they are smooth and pointed at both ends.
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It is characteristic of the class of sponges to which
Spongilla belongs that the spicules should lie only in one
axis; they are therefore called monaxons. In some other
classes of sponges each spicule is developed along more
than one axis, which are placed in relation to one
another with mathematical accuracy. The spicules of
the hexactinellid sponges have six straight branches, which
grow out from a central point in such a way that each
branch is exactly at right angles to its neighbours. The
hexactinellid sponges form a large group, each member
of which produces its spicules with the same precision ;
they mostly live in the deep sea. The spicules of
Spongilla are united by spongin, a substance which
somewhat resembles silk. It occurs in Spongilla as a
kind of brownish glue, which cements the spicules
together. It also occurs as threads, which are woven
among the spicules and bind the whole mass to some
fixed object. Besides the large monaxons two other
smaller kinds of spicules occur, which are called flesh
spicules. One kind is curved and spiny, and less than
a quarter the length of the monaxons, the other kind
is smaller still and irregularly star shaped. The spicules
are secreted by living cells of the sponge, that is to say,
certain cells of the sponge can collect some of the minute
quantity of silica which is dissolved in the water, and
render it insoluble, so that it appears within the cell as
a rod of solid glassy material. We cannot explain why
any particular cell should give rise to spicules of a
certain shape.
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Tue Liviné MareriaL.—The protoplasm of a sponge
consists of a vast number of separate cells which are of
several different kinds. The various kinds of cells can
be distinguished by the student, but their position re-
lative to one another and to the skeleton can only be
elucidated by means which are beyond the powers of a
beginner. Protoplasm occurs externally as a thin sheet
which covers the outer surface of the sponge, and in-
ternally as a vast number of cells which lie among
the spicules, some in a definite position, others in-
definitely.

The Derma.—The outer covering is called the derma,;
it is rarely complete in an old sponge. In order to see
it in the living state, place a sponge, preferably a very
small one, in a watch-glass of water, and examine the
side of it under the low power of the microscope, adjust-
ing the focus until a clear view of the surface is obtained.
The mass of the sponge is opaque, but there appears to
be a transparent outer layer which covers the whole to
a depth of two or three millimetres. This appearance
is produced in the following way. The derma of the
sponge is a thin transparent membrane of living proto-
plasm, which is lifted from the general mass of the
sponge by the ends of those spicules which are at the
surface. The arrangement of this dermal layer calls to
mind a large tent which is raised above the ground by
a number of tent poles of unequal length; in the sponge
the derma represents the canvas of the tent, while the
spicules represent the tent poles; the space which is
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between the derma and the mass of the sponge is called
the subdermal cavity.

We will now consider the structure of the derma. A
collection of cells is called a tissue. Tissues are of many
kinds, the derma of a sponge is of the kind of tissue
called a pavement epithelium. Epithélium is the name
given to a number of cells lying side by side so as to
form a flat sheet, which may cover a surface or line any
hollow space within an animal. In a pavement epithelium
the cells are flat, and their edges are in contact like the
stones in a pavement. It is hardly possible to see the
individual cells of the derma of Spongilla in the living
condition. The derma is perforated by small circular
apertures, or ostia, which are clearly visible under the low
power of the microscope. When they have been observed,
a little powdered carmine should be added to the water
in which the sponge lies. The grains of carmine appear
as dark specks in the water, which drift slowly towards
the surface of the sponge and enter the ostia very rapidly.
This experiment demonstrates the method by which a
sponge obtains its nourishment. The current of water
which enters the ostia is set up by certain cells within
the sponge which are provided with flagella. The
smaller kinds of spicules will usually be seen lying in
the derma, especially the curved spiny variety. The
student can examine the individual cells of the derma
when they are separated from one another by a method
to be described in the next paragraph, but they can also
be seen in their natural position without much difficulty
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after the following treatment. Place a small living
sponge in strong spirit, and leave it there for not less
than five minutes. With a sharp knife shave off a
small portion of the surface, stain and mount the frag-
ment in Canada balsam, and examine it with the high
power.

The Separated Cells.—Having examined the derma
as a whole, we will now observe its component cells after
they have been separated from one another, as well as
the other kinds of cells which occur in the deeper parts
of the sponge body. For this observation a young grow-
ing sponge, a green one if possible, should be placed in
a capsule of water, to which is added a small quantity of
pure insoluble carmine; after about an hour it will be
found that there is very little carmine in the water, for
the sponge has absorbed it and become of a deep carmine
colour; if this does not occur the sponge is resting or
dead, and is unsuitable for examination. A small portion
of the coloured sponge should be cut off and placed in
acetic methyl green solution for three minutes. Itshould
be taken out and placed in one per cent. acetic acid for a
minute ; it is then ready for examination. Place it upon
a slide, break it up with needles in a clear drop of the
acetic solution, cover and examine under the highest
power of the microscope.

‘We may now consider the various kinds of cells under
three categories, the dermal cells, the gastral cells, and
the amoeboid cells. The dermal cells and the gastral
cells form epithelia, which have a fixed position in the
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sponge body; all cells other than these may be called
amoeboid, because they have no fixed position, but it
must be clearly understood that these amoeboid cells are
of several different kinds, which perform different duties.
They are here classed together merely because they have
no fixed position in the sponge body.

The Dermal Cells.—The largest cells which can be
seen on the slide are the dermal cells. They are of a
shape which is between square and oval with an even
border, and are stained a very faint green colour. In
the centre of each there is a nucleus, which is stained
much more deeply than the protoplasm; within the
nucleus is a round body called a nucleolus. The dermal
cells are numerous or scanty according to circumstances,
for they may become detached from their natural position
in the staining process. They are larger than any of
‘the other cells, and show the minute structure of proto-
plasm very clearly when stained in the manner described.
They show that protoplasm is not clear like glass, but
has the appearance of a mnet with irregular meshes.
There appear to be two substances in protoplasm, com-
parable to the thread and mesh of a net; the former is
denser than the latter, and stains more deeply; the
latter, which is believed to be the more fluid, does not
become coloured by the stain. The opinion of observers
differs as to the interpretation of this reticular appear-
ance Some suppose that protoplasm is in structure
like a foam, such as can be made by blowing air into
soapy water; except that the interstices of the foam are
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occupied by a fluid substance, in the case of proto-
plasm. The exponents of this view hold that the appear-
ance of threads in the apparent network is due to the
walls of vacuoles, which are seen in optical section.
Others suppose that the denser material is a true net-
work of threads which lie in all directions and unite
irregularly with one another; according to this view the
denser protoplasm somewhat resembles in its arrange-
ment the twine in a tangled heap of fishing net. These
remarks apply to the structure of protoplasm in general ;
they have no special reference to the epithelium cells
of Spongilla, except that these bodies when stained with
methyl green show the reticular appearance in a most
satisfactory manner.

The nuclei of the epithelial cells should be looked
at carefully. A nucleus is a spherical body bounded
by a thin but distinet outer wall, from which threads
can be seen passing irregularly towards its centre; these
threads unite with one another to form a network, which
is much plainer than that of the protoplasm, because it
is stained more deeply. Among the threads is a small
round body which also is stained deeply, and is called
the nucleolus. Because the chief material of the nuclear
net becomes stained very deeply, it is called chromatin.
Every cell of an animal or of a plant contains a nucleus
which is composed principally of chromatin.

The Gastral Cells.—These cells are of a peculiar
type, and are sometimes called collar cells. In shape
they are irregularly ovoid or cylindrical; they stain
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more deeply than the epithelial cells, and appear granular.
At one end a funnel-like collar is attached, out of which
protrudes a long flagellum. The nucleus is larger than
that of the epithelial cells. The collar and flagellum
are delicate structures of transparent protoplasm, and
are not very easy to see. Some observers have found
that, in a sponge which has been fed recently (since
an hour) with carmine, these cells are full of ingested
grains; this is not always the case.

Amoeboid Cells.—These are of many kinds, which
perform different functions. The most noticeable, under
the circumstances of our experiment, are certain cells
which contain many carmine grains within their sub-
stance. As the carmine grains appear black, or nearly
80, these cells can be seen at a glance. They are variable
in size, and irregular in shape, being provided with out-
growths or pseudopodia; the nucleus may or may not
be obscured by the carmine. They have taken the
carmine grains as food into their substance by means
of their pseudopodia, just as an Amoeba takes its food.
Cells which behave in this way are called Phagocytes;
they are found even in the highest animals, and are of
the utmost importance in the economy of the body. In
sponges their function is mainly nutritive, to take food,
to digest it, and probably to distribute it. In man and
the higher animals, the chief function of the phagocytes
is to devour intruding organisms, such as bacteria, which
may cause disease.

Secreting Cells.—1It is the work of certain cells called
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scleroblasts to secrete the spicules. A spicule first appears
as a minute filament of silica within one of these cells;
it increases in size until it is larger than the cell, which
becomes extended so that its protoplasm still covers the
growing spicule, and continues to add silica to it. In
the higher animals all structures such as teeth, hair,
shells, ete., are formed by the secretive activity of living
protoplasm.

Cells containing Algac.—Many of the cells contain
round bodies of a yellowish-green tint, which is quite
different from the bluish green caused by the stain.
These bodies are unicellular plants or Algae, which are
living with the sponge in & state of symbiosis. The
colouring matter which they contain is chlorophyl,
the green pigment of plants. The term symbiosis is
used to describe & kind of partnership which sometimes
exists between two organisms of different kinds, and is
such that both organisms receive some benefit from their
mutual relation. Symbiosis may occur between two
plants, between two animals, or between a plant and an
animal, as in this case. Chlorophyl has the power of
making starch from carbon dioxide and water. Without
sunlight chlorophyl cannot be developed, nor if it be
developed can it exercise its power in the dark. The
colour of a green sponge is due to the Algae. It hasbeen
mentioned that sponges are by no means always green,
but that the green ones are always found in sunny
places. If, in our experiment, we had used a solution
of iodine instead of methyl green, many of the cells,



46 AN INTRODUCTION TO BIOLOGY

especially those which contain Algae, would be seen to
contain grains of a purplish-black colour. These are
grains of amylum, a substance allied to starch which
has been formed by the chlorophyl of the Algae. The
sponge uses this material for its nutrition ; the Algae no
doubt receive some compensatory advantage from the
sponge, for it has been shown that they grow indepen-
dently in the surrounding water, and that they invade
the sponge from without.

Other Cells.—There are other kinds of cells to be
seen, but, unlike those mentioned, they do not possess
particular features by which the beginner can easily
recognize them. There are some important cells called
Archaeocytes which are concerned in the growth of the
sponge and in the reproduction.

Tue ARRANGEMENT oF THE INTERNAL CeLrs. — The
arrangement of the cells other than those of the derma
cannot easily be seen in Spongilla. An intricate mix-
ture of silica and protoplasm is difficult to examine by
ordinary methods. Our knowledge of the subject how-
ever, has been made clear by special methods, as well
as by consideration of the structure of other kinds of
sponges which are more easily investigated. The derma
forms the roof of the subdermal cavity, the ostia open
into this cavity. The floor of the subdermal cavity is
geattered with holes, which are the mouths of channels
leading deep into the substance of the sponge among the
strands of the skeleton. These channels contain water
which is constantly in motion. The channels are lined
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by pavement epithelial cells similar to those of the
derma. There are two systems of channels, called
inhalent and exhalent. The exhalent channels become
united together, just as the twigs and branches of a tree
become united in the stem. The main channels which
represent the stem of the tree open at the oscula. The
openings of the inhalent channels are in the floor of the
subdermal cavity. The two systems are placed in com-
munication with one another by means of very small
spherical spaces called the gastral chambers. The
gastral chambers are lined by flagellated or collar cells,
which are arranged side by side as an epithelium. Each
gastral chamber communicates by one large opening
with a channel of the exhalent system, and by many
smaller openings with channels of the inhalent systems,
the two systems are therefore in communication with
one another through the gastral chambers. The
flagellated cells which line the chambers compel water
to pass from the inhalent channels into the exhalent
channels, and set up a constant circulation throughout
both the systems.

RepropucTION. — Sexual reproduction occurs in all
sponges, but the process is not easy to observe in
Spongilla. Ova and spermatozoa are produced from
certain cells within the body of the sponge, and passing
out in the exhalent current, undergo union and develop-
ment in the water. Freshwater sponges have a special
asexual method of reproduction by means of bodies
called gemmules. These bodies, which, to the naked
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eye, closely resemble fig-seeds, are found embedded in
the substance of most freshwater sponges. Some of
them should be cleaned with nitric acid, dehydrated and
mounted in Canada balsam. A gemmule consists of a
spherical, thick-walled shell surrounding a central cavity
which communicates with the exterior by a cylindrical
tube. The cavity contains a minute protoplasmic body
or bud, which, under favourable conditions, may pass
out through the tube and develop into a new sponge.
The structure of the shell of the gemmule is different
among the various kinds of sponges. In 8. carteri,
which is common in India, the shell consists of an inner
layer of horny material surrounded by a thick, outer
crust of the same material, which is formed like a bees’
honeycomb. A few monaxon spicules cling to the outer
wall. In other species, various kinds of spicules take
part in the composition of the walls of the gemmule.
Sponges are disseminated by means of the gemmules,
which are very resistant to drought.

PLATE III.
SPONGILLA.

. Spongilla. 1. osculum.

. Superficial part of a small living sponge. 1. monaxon spicule;
2. flesh spicule; 3. ostia; 4. opaque inner substance.

Spicule developing within & scleroblast.

Grastral cell with collar and flagellum.

Dermal cell, showing reticular structure of protoplasm.

. Amoeboid cells. 1. contains spherical algae and amylum granules;

2. and 8. contain ingested particles of carmine.

. Skeleton, cleaned with nitric acid.

. Diagram of a sponge. 1. inhalent passage; 2. exhalent passage;

8. gastric chamboers.
J. Two gemmules—one from the side, the other from above.
Ax3% B,G,J x50 C—F x 450 (approx.).
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COELENTERATA

In multicellular animals other than the sponges the
cells are combined in a more definite manner, either in
layers as epithelia or in other ways te form the organs
of the body. In the Coelenterata, the cells are arranged
in two layers named ectoderm and endoderm. The
ectoderm is the skin which covers the whole outer
surface of the animal, the endoderm lines a large cavity
which is within the body and is called the enteron or
gut. The ectoderm and endoderm become continuous
with one another at or near to the only aperture of
the body; food is taken into the gut through this
aperture, which is the mouth. There are no organs
between the ectoderm and the endoderm. In many
Coelenterates, the two component layers are almost in
contact with one another, like the brickwork and plaster
of a wall; they are, however, separated by a thin layer
of structureless gelatinous material called the mesogloea.
Sea anemones, coral polyps, and jelly fish are Coelen-
terates. They are mostly inhabitants of the sea. In
the jelly fish the ectoderm and endoderm are. widely
separated by an abundant mesogleea. .

Hypra.—As an example of a Coelenterate we will
examine Hydra, a small animal which is common in
tanks during the cool months of the year in Bengal.
To obtain Hydra, gather a quantity of water-plants, if
possible of the kind called duckweed, or Lemna, and
place them in a large glass jar of water. If the jar be
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left undisturbed for half an hour or more, the Hydras
will become fully expanded, in which state they are
eagily seen; many of them will have left the weed and
may be found attached to the sides of the jar. They can
easily be detached and removed by means of a pipette.
They will leave the weeds more readily if by artificial
means the weeds are shaded, while the lower part of the
vessel is in the sunlight. Hydras move towards light.
The expanded animal is about half an inch in length,
but is not very easily seen by the unaccustomed eye.
The body appears as a thin brownish thread, one end of
which is fixed to some object, while the other or free end
gives out four or five very delicate filaments which are
more than twice as long as the body. These filaments
are the tentacles ; when a minute animal touches one of
them it appears to become suddenly attached to it, and
the tentacle becomes shortened so that the captive
animal passes towards the mouth and is eventually
swallowed. A Hydra may be seen to glide slowly down
the sides of a glass vessel, sliding upon its base of
attachment ; sometimes it moves in a looping manner,
first one end of the body and then the other becomes
attached to adjacent points of the surface along which
the animal is moving—in this way the animal takes steps.
Sometimes a Hydra may be seen lying free in the water
in the fully expanded condition. It may hang nearly
motionless in the water or sink very slowly.
Microscopical Examination.—By means of a pipette,
place a living Hydra upon a slide in a drop of water,
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Place a cover slip over it. The cover slip must be sup-
ported by a second one, which is placed under the edge
of the first, otherwise the animal will be erushed. The
outward form and movements should be studied under
the low power. The body of a Hydra is a hollow
cylinder which is closed at one end and open at the
other. The opening is the mouth. The cavity within
the cylinder is the gut, or enteron. Food enters the
gut through the mouth. The mouth is surrounded by
four or five tentacles, which are capable of great exten-
sion. The tentacles, in the extended -condition, are
slender threads which are covered with nodular swell-
ings. The mouth is at the summit of a short cone,
which is separated from the rest of the body by the
circle of tentacles. This cone is called the hypostome.
Even with the low power it can be seen that the body
wall is composed of two layers. The outer layer is
transparent and colourless, the inner layer is more
opaque and of a brown colour. KExamine both the body
and a tentacle of the animal under the high power. In
both cases look carefully at the surface, and at the
margin of the object.

Surface View of the Body.—Examine first the outer
surface of the body, and then by focussing downwards
examine the deeper layer; it is not very easy to see
the individual cells of the ectoderm in the living state.
The student will see that the surface is divided by a
number of lines, which are disposed somewhat like a
net with stretched meshes, but these lines can onl)" be
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seen when the animal is contracted, they merely repre-
sent the lines of contact of the folds into which the
ectoderm is thrown during contraction. The true out-
lines of the ectoderm cells are visible in the living
condition, but I do not think the student will be able
to recognize them clearly until after he has examined
the cells in the stained condition, and knows the appear-
ance of their nuclei. Small oval bodies known as
nematocysts can be seen in the body wall, but they are
more numerous and more definitely placed in the
tentacles.

On focussing downwards beneath the surface, the
endoderm cells come into view. They are said to vary
in appearance; but in Calcutta, so far as I have seen,
their appearance is constant and characteristic ;—each
cell is of a polygonal shape in this view. They are
remarkably like vegetable cells in many ways; they
contain so large a vacuole that their protoplasm is
reduced to a thin surrounding layer, in which are em-
bedded a number of brown spherical corpuscles and a
large nucleus. The endoderm cells are better scen at
this stage than any other ; the outline of the protoplasm,
the vacuole, and nucleus, as well as the brown corpuscles
which they contain, can be seen without difficulty. Hydra
is sometimes green, in which case the colour is due to
the corpuscles of the endoderm cells, which™ contain
chlorophyl; whether they are green or brown these
corpuscles are believed to be Algae, which are living in
symbiosis with the Hydra. Each endoderm cell is
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provided with one or more flagella, which project into
the enteron, but are by no means easy to see. It is
said that the flagella are not permanent features of the
cell structure, but may be withdrawn.

The Body Wall in Optical Section.—Examine the
margin of the body, focussing until the line of separa-
tion between the ectoderm and endoderm is clearly
visible. The two layers are not in contact with one
another, but are separated by a very thin layer of gela-
tinous material called mesogloea. The appearance of
the ectoderm in optical section varies according to the
degree of contraction in which the animal is found at
the moment. When the body is extended the ectoderm
is smooth and thin ; the depth or thickness of it is about
equal to the length of a large nematocyst, but in a
state of contraction the ectoderm is two or three times
as thick as this, and has a lobulated appearance. The
outlines between the ectoderm cells cannot be seen
satisfactorily in an optical section of the wall. What-
ever the degree of contraction of the ectoderm, the
mesogloea always presents the appearance of a straight
line. Unlike the ectoderm, it is never thrown into folds;
the reason of this will be shown later on. In an optical
section of the body wall, the cells of the endoderm appear
to be nearly square, otherwise they have the same
appearance as in the surface view.

Examination of a Tentacle.—Examine a tentacle in
the same way as the body wall. In the first place
notice that the tentacle is a hollow cylinder, and that
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at the place where it is attached to the body its cavity
is in communication with the gut, or enteron. The
structure of a tentacle is much like that of the body
wall. The ectoderm and endoderm vary in appearance
according to the degree of contraction or extension of
the tentacle, but the mesogloea which separates these
layers has always the appearance of a straight line.
There are many nematocysts in the ectoderm of the
tentacles. When the tentacle is fully extended, it pre-
sents the appearance of a delicate tube with prominent
nodular swellings placed upon it at short intervals.
These swellings are of the ectoderm, and contain large
and small nematocysts. Each swelling usually contains
one large nematocyst, around which are placed four or
five small ones. The nematocysts are the weapons by
which the Hydra captures minute swimming animals for
food, and also serve as a protection from the attacks of
small fish and other hungry creatures. Nematocysts
are of two kinds, large and small; each kind may be
seen in two conditions, which may be called the loaded
and exploded condition. The surface of a tentacular
swelling is studded with thorn-like outgrowths called
cnidocils, which, although delicate and transparent, are
easy to see. Embedded within the ectoderm at the base
of each cnidocil is a nematocyst. The cnidocil acts like
the trigger of a gun: when any small swimming animal
touches it the underlying nematocyst is caused to ex-
plode, that is to say, a minute thread-like tube is shot
out from it and enters the soft tissues of the intruder.
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A few exploded nematocysts may be seen adhering to
the tentacles ; they are shaped somewhat like a chemist’s
flask with the neck drawn out to a conical point. The
neck is provided with three or four spines or barbs,
which are somewhat curved and very acutely pointed ;
the conical neck is prolonged into the long thread, which
is believed to be tubular. Before explosion the thread
and barbs lie within the cavity of the nematocysts; in
this condition the neck and barbs are plainly visible.
The smaller nematocysts, which are for the most part
grouped round the larger ones, are not provided with
barbs; the threads, which they rarely eject, are much
shorter and stouter than those of the large nematocysts.
Examination of Individual Cells.—Place a living
Hydra in a drop of water in a capsule, pour four or five
drops of acetic methyl green solution upon it and leave
it for three minutes ; withdraw the stain with a pipette
and fill up the capsule with one per cent. acetic solution.
After a minute transfer the Hydra to a drop of clean
acetic solution upon a slide. Break it into a few pieces
with needles, cover it with a slip, and examine it under
the high power. Observe any cells which have become
separated from the large fragments, and examine the
fragments themselves, paying particular attention to the
broken edges. The endoderm cells and the nematocysts
have already been fully examined. Observation must
be particularly directed to the ectoderm cells.
Epithelio-muscular Cells.—These cells are the principal
components of the ectoderm. Along with the other cells
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of the body they are killed and fixed by the weak acid
present in the stain; but as every part of the body is
not usually contracted to the same degree, the forms of
these cells are often various. The epithelio-muscular
cells can always be recognized by the appearance of their
nuclei, which are large and round, somewhat smaller
than the large nematocysts, but larger than the small
nematocysts, and provided with one or two very distinct
nucleoli. If these cells are fixed in the expanded con-
dition, they are flat and irregularly oval or oblong, and
much larger than their nuclei—about three times as
broad and four times as long; their protoplasm, which is
very faintly stained, appears to contain large vacuoles.
When these cells are in the contracted state their nuclei
are not altered, but the cell body is roughly cubical and
in all its dimensions is only equal to about twice the
diameter of the nucleus. The most remarkable part of
the epithelio-muscular cells are the muscular processes
which are attached to their inner sides, and are in
contact with the mesogloea. Each cell is usually pro-
vided with two such fibres, which project in opposite
directions. The processes of adjacent cells lie parallel
with one another and with the longitudinal axis of the
animal; they give the body a striped appearance which
is plainly visible in the stained specimen. By searching
among the broken portions of the ectoderm, the muscular
processes may be seen attached to the cells, of which
they are a part.

Interstitial Cells.—The epithelio muscular cells are
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the principal components of the ectoderm ; their adjacent
edges are in contact with one another at the surface,
but below the surface these cells are separated from one
another by other cells, called interstitial. Interstitial
cells therefore lie beneath the epithelio muscular cells,
and are placed so as to separate the deeper parts of these
cells from one another. Interstitial cells become stained
more deeply, and possess smaller nuclei, than the larger
epithelio muscular cells. The nematocysts are secreted
by interstitial cells and can be seen within them.
RepropucrioN.—There are two methods of reproduc-
tion—sexual and asexual. When water is plentiful, and
the circumstances of life are favourable, the Hydra forms
buds. These are simple outgrowths from the lower part
of the body, which soon come to resemble the parent
Hydra in every way. They become detached and lead
an independent life. During the cold-weather months
most large Hydras show one or more such buds, but at
the approach of the hot weather, when the conditions of
life begin to be unfavourable, germ cells, or gametes,
which are formed from interstitial cells of the ectoderm,
make their appearance. The male gametes, or sperma-
tozoa, are agglomerated together so as to form small
conical swellings, which project from the body wall below
the bases of the tentacles. Each spermatozoon consists
of a minute oval head, which is mainly nucleus, and a
long flagellum, or tail, by means of which the head can
be propelled through the water. Among the Metazoa,
those organs in which spermatozoa are formed are called
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testes. The female gamete, or ovum, is usually single, and
is produced by the same individual that produces sperma-
tozoa. Animals in which both male and female gametes
are produced by the same individual are called hermaph-
rodite. The ovum of a Hydra is an enlarged interstitial
cell, which becomes surrounded and nourished by a
number of other interstitial cells; it becomes amoeboid,
and grows rapidly at the expense of the surrounding
cells, and stores up reserve food material or yolk within
its substance. The ova of many other Metazoa are de-
veloped in this way at the expense of smaller cells which
surround them, and are together called the follicle of the
ovum. When the ovum is mature, a spermatazoon, pro-
bably from another individual, swims through the water
towards it and unites with it, so that the nuclei of both
ovum and spermatozoon become fused together. This is
the act of fertilization ; the resulting cell is a zygote or
fertilized ovum, which, by segmentation, develops into
another Hydra. Development is slow, and probably pro-
ceeds throughout the hot-weather months. The develop-
ing ovum is protected by a chitinous shell, which is
formed soon after the act of fertilization.






PLATE 1IV.

HypRraA.

A. Hydra contracted.

B. Hydra fully extended.

C. Optical section of & tentacle. 1.large nematocyst; 2. cnidocil ;
8. mesoglea ; 4. endoderm cells.

D. A group of musculo-epithelial cells in a state of contraction.

E. Three musculo-epithelial cells fully expanded. 1. nematocyst;
2. nucleus of M. E. cell; 8. interstitial cells; 4. contractile
thread of a M. E. cell.

F. Large nematocyst.

G. Small nematocyst.

H. Diagram of Hydra. 1.a bud; 2. ovum; 3. testes; 4. mouth.

J. Surface view of living ectodorm. (The cell outlines are too thick.)

A.and B. x 20. C,D., E,, 450 (approx.). As figures D. and E.
appear somewhat unlike the illustrations in other books, it must
be said that they were drawn, with the help of the camera lucida, -

from portions of & hydra which had been treated in the manner
described in the text.



CHAPTER III
TRIPLOBLASTICA—ANNELIDA

CoELENTERATE animals are said to be diploblastic because
their component cells are arranged in two layers, ecto-
derm and endoderm, which are not separated from one
another by any important tissue. The higher animals
are said to be triploblastic (three layered), because the
endoderm and the ectoderm are separated from one
another by several important tissues which are spoken
of collectively as the mesoderm. Worme-like animals are
among the simplest of the Triploblastica.

The Annelids are segmented coelomate worms. The
word “ segmented” expresses the fact that the soft,
elongated body is marked externally by a series of
encircling grooves, which divide it into a number of
conjoined pieces called the segments. The external
segmentation corresponds to an internal segmentation,
for some of the most important systems. of the body are
divided into a series of like parts, which are distributed
individually through the segments. Thus, for example,
each segment contains a piece of the intestine, of the
nervous system, of the excretory system, and of the vas-
cular system; therefore the segments are, for the most
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part, exactly like one another, internally as well as exter-
nally. A coelomate animal is one which possesses a
coelom. In the body of many animals there is a cavity
which is lined by a layer of flat cells; this cavity is the
coelom, and its lining is the coelomic epithelium. The
coelom of an animal often surrounds some part of
the alimentary canal separating it from the body wall.
The coelom is filled with a fluid containing amoeboid cor-
puscles; it communicates with the outer world through
tubes called nephridia, which have an excretory function.
The germ cells of a coelomate animal always arise by
budding from a spot on the coelomic epithelium, and find
their way out of the body through ducts which, like the
nephridia, lead from the coelom to the outer world. In
most of the Annelids the coelom is segmented, that is to
say, it is divided into a series of separate compartments,
one of which is placed in each segment. The gut, or
alimentary canal, of an Annelid is a straight tube which
opens at both ends of the body ; the apertures of the gut
are the mouth and the anus.

Before proceeding further we must define certain
terms. The surface of the body which is nearest the
ground when the animal is crawling is called ventral.
The surface which is uppermost is called dorsal. It is
not easy to define the terms dorsal and ventral so that
the definitions will apply to all kinds of animals. In
man, because of his upright posture, the ventral surface
is to the front, not towards the ground. The dorsal
surface of an animal has been defined in the follbwing
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manner : many imaginary lines may be drawn outside
the body from mouth to anus, but only one of them will
lie directly over the brain; this one will indicate the
dorsal surface. The terms anterior, posterior, and
lateral are much used in comparative anatomy. The
anterior end of an animal is that at which the mouth
opens; the posterior end is where the anus is to be
found. But difficulties sometimes arise in using these
terms ; for example, in a gasteropod molluse, the mouth
and anus open in the same direction. Things which lie
on one or other side are lateral. An essential feature in
the structure of many animals is their bilateral sym-
metry ; that is to say, they can be divided by a median
plane into two equal parts, which are exactly similar to
one another. The occurrence of organs in pairs, which
are placed one on either side of a median plane at an
equal distance from it, is very common in the animal
kingdom. All Annelids are bilaterally symmetrical.

The central nervous system is of a type which is also
found in the great group of the Arthropods. There is a
long white chord placed in the median plane, close to
the ventral body wall, between it and the alimentary
canal ; it is not of uniform thickness, but is enlarged or
swollen at a certain spot in each segment of the body.
The swellings are called ganglia. The chord is composed
of many delicate threads or nerve fibres. In a ganglion
the fibres are interspersed with nerve cells, irregular
nucleated pieces of protoplasm from which the nerve
fibres arise as outgrowths. Every nerve fibre arises
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from, and is connected with, a nerve cell. Nerve fibres
are of two kinds—sensory and motor. Sensory nerve
fibres are outgrowths from sensory cells, which are
elongated, spindle-shaped bodies situated among the
cells of the skin. One end of a sensory cell projects out
of the skin as a delicate filament, which is comparable
to a cnidocil of a Hydra, the other end is prolonged
into the body as a sensory nerve fibre. Sensory fibres
are united to form strands, which are called sensory
nerves, and make up some of the number of nerves
which we see in connection with the ganglia. All nerve
fibres have the function of transmitting a kind of activity
which is called a stimmulus or impulse. A stimulus
originates in sensory cells of the skin, and moves along
sensory nerves towards the central nervous system, from
which it passes along motor nerves towards the muscles
and causes them to contract. The motor fibres arise
from the nerve cells in the ganglia, and pass out of the
central nervous system in the motor nerves which end
among the muscles. The special peculiarity of the
nervous system of the Annelids and Arthropods is the
ventral position of the ganglionated mnerve chord.
Although the chord may appear to the naked eye to be
single, it is really composed of two strands lying side by
side which are in contact with one another. Similarly,
the ganglia are double ; there is a pair of them lying side
by side in each segment. The most anterior pair of
ganglia lie beneath the oesophagus, close to the mouth,
and are called the suboesophageal ganglia; two thick
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strands of fibres issue from them, one on either side, and
pass round the oesophagus, to meet above it. These
strands are called the circumoesophageal connectives ;
they meet above the oesophagus in a pair of ganglia
which are called supraocesophageal or cerebral. Every
ganglion sends out nerves to the skin and muscles of the
segment in which it lies.

The Annelids possess a well-developed circulatory
system. Many animals are provided with a system of
tubes filled with blood, which moves through them and
carries oxygen and nutrient materials to every living
particle of the body. The blood also removes the
waste products of metabolism, such as carbon dioxide
and urea. In order to subserve these functions, the
blood-vessels must be intimately connected with every
part of the body, and in particular with the surface
of the alimentary canal, from which the nutrient
material is derived, with the surface of the respiratory
organs, through which oxygen is taken in and carbon
dioxide given out, and with the excretory surface, from
which the waste products are thrown out of the body.
Furthermore, the blood must be made to move or
circulate in the. tubes. If a tube which is full of fluid
be squeezed at a certain spot, the contained fluid will
move from that spot. If the inner wall of the tube is
furnished with valves which, like the doors of a house,
open in one direction only, the fluid must move in that
one direction. The walls of the blood-vessels of an
animal contain muscle fibres, which encircle them and



TRIPLOBLASTICA—ANNELIDA 67

have the power of contracting; when they contract they
become shorter, so that the calibre of the vessels becomes
diminished, and the contained blood is made to move.
It can only move in one direction because of \;alves,
which resemble pockets and are attached to the inner
walls of the vessels. A certain part, or parts, of the
vascular system have the power of rhythmic contraction,
that is to say, of alternate contraction and relaxation ;
these special parts are called the heart or hearts. In
the Annelids the hearts are several and tubular, in the
higher animals the heart is a more complex organ, but
it is always developed in the embryo from a tube. In
the lower animals the blood-vessels are of one kind, but
in vertebrate animals they are of two kinds, called arteries
and veins.

In the skin of all Annelids are embedded certain
chitinous rods called setae. Chitin is a lifeless, horny,
and transparent material, which is often secreted by
invertebrate animals, either as a protective covering to
the whole body, or at certain spots where a hard sub-
stance is required to withstand friction. The Annelids
are divided into two principal groups, the Oligochaetes,
which have few or inconspicuous setae, and the Poly-
chaetes, which have many. Polychaetes occur only in
the sea. The Oligochaetes are found on land or in fresh
water ; they include the great sub-group of Terricola, or
earth-worms.
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THE EARTH-WORM (Pheretima posthuma)

There are so many different kinds of earth-worms in
India that it is difficult to choose one as a type for dis-
section. In the neighbourhood of Calcutta as many as
five different genera may be found by digging in one
spot, all of which are different from one another in
structure. Perhaps the commonest and most easily
recognized is one which was called Perichaeta indica, a
name which has been changed to Pheretima posthuma.
Worms of this kind can be recognized by their outward
appearance. In all earth-worms the skin of the body has
a pale, swollen appearance at a spot situated an inch or
more from the anterior end. This area of swollen skin,
which encircles the body, is called the clitellum. In
Pheretima, posthuma three pairs of conspicuous aper-
tures open upon the ventral surface close behind the cli-
tellum, and there are always thirteen segments in front
of the clitellum. Worms which possess these outward
features resemble one another closely, but not exactly, in
their internal anatomy; nor do they exactly resemble
one another in outward appearance: for example, some
are about four inches in length and of an olive-brown
colour, others are half as large again and of a pinker
colour. As a rule, worms of this species which are found
in one place resemble one another very elosely, although
frequently two or three distinct genera may be found in
the same spadeful of earth.

External Appearance.—By the position of the clitellum
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and of the generative apertures, the student can recog-
nize both the anterior end and the ventral surface
of the worm. The mouth is a large aperture at the
anterior end, which is surrounded by the first segment
as by a ring. Overhanging the aperture is an insig-
nificant fleshy lobe called the prostomium. There are
thirteen segments in front of the clitellum, which in-
cludes three segments in itself. Posterior to the clitellum
are the 17th, 18th, and 19th segments, each of which is
provided with a pair of conspicuous apertures; those
on the 18th segment are the apertures of the male
generative ducts; they are a little larger than the other
four, which are the openings of the accessory glands.
The segments need not be counted beyond the 19th;
there are about a hundred of them in all. Each segment
of the body is armed with a large number of chitinous
setae. These are like pegs embedded in the skin and
placed in rows, one of which completely encircles each
segment of the body. Sometimes the setae are so large
as to be easily visible and palpable; at other times a row
of minute depressions in the skin, visible only with the
help of a strong lens, is the sole indication of their
presence. In the middle dorsal line between each
segment there is a minute pore, through which each
compartment of the coelom communicates with the outer
world. When the animal is in water a stream of
brownish coelomic fluid can often be seen to issue from
these pores. When a live worm is dropped into spirit,
coelomic fluid is poured forth from them in quantities.
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