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PREFACE

In this volume will be found descriptions of the structures and

life processes, together with directions for laboratory study, of a

number of animal types which have proved to be of outstanding

value for those beginning the study of animal biology. In all of

the descriptions a careful endeavor has been made to select the

relevant facts and to give a direct and uniform presentation with-

out unnecessary details or unimportant terms.

The general plan of this book and much of the contents are the

same as in the Manual of Biology, Fourth Edition, which has been

so favorably received in many laboratories, but there are certain

important differences which should be noted. In the first place,

the consideration of plant types is sufficient only to give an under-

standing of their basic importance in animal nutrition. This

restriction of the plant material has permitted the inclusion of

several additional animal types as well as the introduction of

considerable new material throughout, but particularly in connec-

tion with vertebrate structure and function.

Secondly, in addition to the page and figure references which

link it closely with the companion volume, Animal Biology, by
Professor L. L. Woodruff, there will be found at the end of each

chapter a series of page references to a number of other standard

textbooks in animal biology or zoology and also to a few carefully

chosen reference books for more detailed information ; all of which

it is hoped will add to the general adaptability for various types

of zoological courses.

Finally, particular attention should be called to the series of

full-page illustrations which, with two exceptions, were drawn

for this Manual by Richard Edes Harrison. They are based

whenever possible on the study of living animals and for the most

part are habitat groups, definitely designed to stimulate the interest

of the reader in the detailed study of the various types. It is a

pleasure to acknowledge Mr. Harrison's ability both as a biologist

and as an artist, as is evidenced by these figures. Mention should
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also be made of the amphibian group (figure 10), drawn by Miss

Lisbeth Krause of the Osborn Laboratory staff, which is of the

same high quality.

It is a pleasure to have another opportunity to acknowledge

the help received from my colleagues at Yale University, from

Professor W. B. Unger of Dartmouth College, and, in particular,

from Professor Woodruff, to whom I am also under great obligation

for his critical reading of the complete proof. In connection with

the new illustrations, especial mention should be made of the

assistance given by Professors S. C. Ball, W. B. Coe, B. G. Harri-

son, A. Petrunkevitch, L. L. Woodruff, and Dr. T. C. Barnes of

this laboratory ; also by Professor B. S. Lull, Director of the

Peabody Museum, and Professor G. B. Wieland, of the Depart-

ment of Botany, Yale University. Grateful acknowledgment is

also given to the American Museum of Natural History of New
York for assistance given to Mr. Harrison in connection with the

habitat groups shown in figure 4 and figure 9 ; and to the Mac-

millan Company for their permission to include figure 12 from

Needham's Chemical Embryology. Once more I am indebted to

the Macmillan Company for the interest shown in this work and

the splendid cooperation given which has made possible its prompt

publication.

George A. Baitsell.
Osborn Zoological Laboratory

Yale University

April, 1932
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NOTE

The references in this Manual designated by B or undesignated refer to

material in this volume. Those designated by W refer to material in the

Animal Biology by L. L. Woodruff (Macmillan).

At the end of each chapter, references will be found to certain other stand-

ard texts in Zoology.



MANUAL OF ANIMAL BIOLOGY

I. PROTOPLASM

The world in which we live contains a great many diverse types

of living organisms which are known to us either as plants or as

animals. The study of all the phenomena of life, without regard

to animal or plant origin, constitutes the science of Biology.

Zoology, or Animal Biology, treats of living phenomena in so far

as they are exhibited by animals, and the companion science of

Botany, or Plant Biology, occupies the same sphere in the plant

kingdom.

Vital phenomena have their origin in a unique substance, known
as protoplasm, which is the basic material — the life stuff—
constituting the bodies of all living organisms. It should also be

emphasized at once that protoplasm is never found apart from the

complete organized unit, that is, the individual plant or animal.

An additional fact of fundamental importance is revealed by
the microscopic examination of the tissues from any organism,

namely, that protoplasm does not occur in large unorganized

masses, but always in the form of microscopic units, termed

cells, which are the ultimate structural and functional units of

life.

A. Cellular Organization

In the lowest forms of life the entire organism consists of a single

cell which is able efficiently to perform all the processes essential

to life. Such organisms are termed unicellular. In the higher

types of living organisms, the body is composed of an almost

inconceivable number of cells, groups of which are specialized for

the various necessary functions in the life of the individual, such

as nutrition, respiration, reproduction, etc. Such organisms are

termed multicellular, and include all the familiar forms of

plants and animals.

3
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A simple way to get an idea of the cellular organization,

which is characteristic of protoplasm, is to make a microscopic

examination of a small piece of epidermis shed from the skin of the

Frog. A thin layer of this material forms the outer surface of the

skin all over the body. Such an examination will reveal the fact

that the skin epidermis is not a homogeneous body of material,

but, on the contrary, is an aggregate of great numbers of micro-

scopic cells which, generally, are in contact with adjacent cells on

all sides, thus forming a tissue. A similar examination of the

epidermis from our own bodies or of the various tissues from any

multicellular organism shows that they are built up from cellular

units having the same general organization as those present in the

epidermis of the Frog. (W. f. 2.)

A clear conception should be obtained of the fact that cells are

solids, having length, breadth, and thickness, and not merely

flat surfaces as they appear to be when a section of some tissue is

examined under the microscope. The three dimensions of cells

can be obtained from a study of some suitable tissue in which the

cells are regularly arranged and which has been sectioned in two

different planes which lie perpendicular to each other. Thus we

may compare the shape of the cells as seen in a longitudinal sec-

tion with that found in a transverse, or vertical, section. In one

of these planes, the cells will be seen from a side view, which will

give the length and breadth, while in the other plane, an end

view will be seen from which the third dimension, thickness, may
be obtained. (W. f. 5.)

A crude comparison is sometimes made between the cells which

compose a living organism and the bricks as the structural elements

in a building. From the structural standpoint the analogy is,

perhaps, a fitting one, as is well-shown by the microscopic examina-

tion of various tissues indicated above. From another, and much

more important viewpoint, however, the comparison is meaningless,

for the bricks are inert masses of lifeless clay which are unable to

play any part in the activities of the building of which each consti-

tutes a structural unit, while, on the other hand, every one of the

cells which go to make up the living organism is a dynamic, proto-

plasmic unit endowed with the principle we call life and continually

performing its share of the many functions which are essential to

the maintenance of life in the organism.
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B. The Structure of Cells

1. Cytoplasm

The many different types of cells, although showing considerable

variation in certain details, nevertheless exhibit a number of

fundamental structural features which may now be noted. In

the first place the protoplasm is differentiated into the cytoplasm,

which constitutes the main mass of the cell body, and a much

smaller spherical body, the nucleus, which typically lies near the

center of the cytoplasm. This differentiation of the cell protoplasm

is regarded as basic for cell structure, as is shown by the usual

definition that a "cell is a mass of protoplasm containing a nu-

cleus." Cytoplasm and nucleus together are often termed the

protoplast. In many of the unicellular animals the cytoplasm

shows a definite division into a larger central mass, the endoplasm,

in which the nucleus is embedded, and an outer portion, the

ectoplasm. (W. f. 7.)

The cytoplasm contains certain protoplasmic inclusions, such as

mitochondria, golgi rodies, plastids, etc., which undoubtedly

play very important roles in the life processes of cells. Almost all

of these bodies are still the subjects of extended research bearing

upon their structure and functions. The plastids are of particular

interest because a certain type, the chloroplastids, found in the

green plant cells contain the basic food-building substance, chlo-

rophyll, to be considered in detail later. Another important

protoplasmic inclusion usually present in the cytoplasm is the

centrosome which is very active in cell division and, in fact, is

generally regarded as the dynamic center for this fundamental

process.

However, not all of the inclusions in the cytoplasm consist of

living matter, for various non-living materials, collectively termed

metaplasm, are present. The metaplasm varies greatly in char-

acter and amount in different types of cells and in the same cell at

different times. It consists of waste products and reserve food

materials, and it may be in the form of water vacuoles, fat droplets,

crystals, etc. Mature plant cells generally possess a large central

cavity, the cell vacuole, which is filled with a fluid, the cell

sap, containing materials of importance in the nutrition of the cell.

(W. f. 10.)
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2. Nucleus

The protoplasm of the nucleus, which we may term karyo-

plasm in contradistinction to the surrounding cytoplasm, is en-

closed in a definite nuclear membrane except when the cell is

undergoing reproduction by division. The structure of the karyo-

plasm is extraordinarily complex and varied. Typically a delicate

network, or linin, is found throughout the nucleus. The most

prominent feature of the karyoplasm, however, is the chromatin

which derives its name from the fact that it stains very deeply with

certain dyes. In a resting cell, the chromatin appears as a more or

less granular material which may be condensed into one or more

knots, the karyosomes. In a dividing cell, the chromatin forms a

long tangled thread, the spireme, which later breaks up into a

definite number of bodies, the chromosomes. It is hard to over-

estimate the importance of the chromatin for there is a great

abundance of evidence to show that it is the chief vehicle for the

transmission of hereditary characters from one generation to

another. Mention should also be made of a tiny, spherical body,

the nucleolus, which is frequently present in a nucleus. Its

function is quite obscure. (W. f. 10.)

3. Cell Wall

An outer limiting membrane of some type, which forms the cell

boundary, is always present. In some types of cells this enclos-

ing membrane consists only of a slightly modified region of the

peripheral cytoplasm, known as the plasma membrane. Usually,

however, there is also present a definite outer cell wall, of varying

thickness, which is formed as a non-living secretion of the under-

lying cytoplasm so that the cytoplasm of the cell is doubly enclosed.

In plant cells, the cell wall is particularly prominent and is largely

composed of cellulose, which is an extraordinarily abundant and

important organic compound similar to starch in its chemical con-

stitution ; while in animals cells, the cell wall is usually of a protein

nature. (W. fs. 7, 12.)

Whatever the exact structure and the degree of development of

the plasma membranes and cell walls in various types of cells, the

really essential fact is that they are all semi-permeable membranes,

that is, they are of such a nature as to permit the necessary and

continuous interchange of certain substances between a living cell
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and its environment. The movements of materials through the

cell boundaries are believed to be in accordance with well-established

physical laws which govern the passage, or diffusion, of liquids and

gases through various types of membranes.

4. Physical Nature of Protoplasm

Having considered the cellular organization of protoplasm as

well as the main structural features of a typical cell, we are prepared

to go a step further and indicate certain general facts bearing on the

physical nature of protoplasm. As a matter of fact one can speak

only in very general terms on this subject for our knowledge at

present concerning the ultimate structural organization of proto-

plasm is limited. This is due to the fact that protoplasm cannot be

subjected to intensive methods of analysis without destroying the

primary object of the investigation, namely, the unique quality

designated by the term life. A chemical analysis of protoplasm

after death shows that a very large percentage consists of water

containing various chemical compounds. These compounds when

separated into their elements show that about 99 per cent of

the material present is derived from the following six elements

:

carbon, oxygen, hydrogen, nitrogen, calcium, and phosphorus.

There is nothing peculiar about these elements. They are of com-

mon occurrence, and, therefore, it would seem that in living matter

there must be a unique arrangement of these materials which is

not found elsewhere in nature.

Observations on protoplasm show that it varies considerably

in its physical appearance. Thus at one time it may appear

as a clear, rather thick liquid while at another it appears as a gelat-

inous mass. This variation in the consistency of protoplasm,

together with certain other characteristics, has led to the con-

clusion that it is of a colloidal nature. There are many types of

non-living colloids known, all of which are characterized struc-

turally by the presence of exceedingly minute particles — in many
cases too small to be seen, even with the highest powers of the mi-

croscope — dispersed throughout a liquid medium. Variations in

the relations between the particles and the liquid medium result in

changes in the state of the substance from a liquid (sol) to a solid

(gel), and this is apparently what takes place in protoplasm. As

might be expected from the structural variations occurring during

life, the appearance of protoplasmic material, which has been
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killed and then prepared for intensive microscopic study by sec-

tioning and staining, is not always the same. Accordingly various

theories are held regarding the ultimate architectural details. (W.

C. The Life Processes of Cells

1. Metabolism

In the protoplasm of every living cell, various essential life proc-

esses are continually taking place. These processes involve unin-

terrupted adjustments and exchanges of materials between a cell

and its environment. This continuous interplay is a feature of

outstanding importance as indicated by Herbert Spencer's famous

definition of life as
'

' the continuous adjustment of internal relations

to external relations." These basic intracellular life processes may

be grouped under the term metabolism which in turn may be sub-

divided into a constructive phase (anabolism) and a destructive

phase (katabolism).

The metabolic processes acquire their paramount importance

from the fact that the maintenance of life requires the continuous

expenditure of energy. This essential energy is released by intra-

cellular, oxidative processes which result in the tearing down of

various complex, unstable chemical compounds present in, or form-

ing a part of, the protoplasm, together with the formation of new

compounds of relatively low energy content, which are given off as

excretions. The latter consist of nitrogenous wastes (e.g., urea),

carbon dioxide, and water containing various inorganic salts in

solution.

It should be noted at this point that these essential oxidative

processes require a continual supply of oxygen from the environ-

ment and the continual release of carbon dioxide from the cell into

the environment. This constitutes respiration — a function

which persists in every cell throughout life and is a true measure

of the extent of the life activities. Thus respiration is linked with

nutrition in that it supplies a necessary substance — oxygen — to

the cell, and it is also linked with excretion in that it removes a

metabolic waste— carbon dioxide— from the cell.

It is clear that these energy-yielding processes are essentially

destructive, or katabolic, in their nature and may be crudely

compared to the means used to secure energy to run an automobile.

In this case gasoline, which is a complex and unstable chemical
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compound with a high potential energy content, is vaporized and

mixed with air containing oxygen. An electric spark is used to

upset the chemical equilibrium : a new alignment of the chemical

components takes place with explosive violence by which a con-

siderable proportion of the stored-up energy is released. In part

this active, or kinetic, energy is utilized in moving the car, some is

dissipated as heat, while at the same time various simpler com-
pounds with greatly reduced energy content are formed which may
be regarded as the excretory products.

It is, of course, apparent that the katabolic processes could not

long continue in the cell protoplasm in the absence of the con-

structive anabolic processes which function in the replacement of

the materials destroyed to obtain energy. Accordingly we find

that certain foodstuffs, rich in potential energy, are taken into the

cell and, as the result of the anabolic activities, are actually built up
into the living protoplasm.

Three great classes of foods are recognized, namely, carbohy-

drates, fats, and proteins. The proteins are essential for cell

nutrition because they always contain nitrogen and various other

elements, all of which are necessary constituents of protoplasm,

linked up with carbon, hydrogen, and oxygen. The carbohydrates

and fats contain only carbon, hydrogen, and oxygen— in varying

proportions — and furnish a source of energy which may be at once

utilized or stored away for a later emergency, but, since they lack

nitrogen and other elements, they cannot be used to repair proto-

plasmic waste. Also the cells of a living organism must have water,

free oxygen, various inorganic salts, and minute but constant

quantities of certain very complex organic compounds, known as

vitamines, the exact nature of which, as well as the roles they play

in cell metabolism, being largely unknown at the present time.

(W. pp. 21-25.)

2. Photosynthesis

The metabolic processes described above are believed to be

essentially the same in plant and animal cells. However, in certain

cells of green plants, an additional and all-important life process

takes place. This process, which is known as photosynthesis, is

superimposed upon the underlying metabolic processes, and it is

based upon the presence of the complex, greenish-colored com-
pound, chlorophyll. This unique substance makes it possi-
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ble for the green plant cell to utilize the energy of sunlight for

the manufacture, or synthesis, of the essential foodstuffs from the

simple inorganic materials which are abundantly present in the

immediate environment of the plant. This process of photo-

synthetic food manufacture is fundamental for all life because, in

the final analysis, all plant and all animal food is formed in that

way. Animals eat plants directly or they eat other animals which

have eaten plants.

The substances taken into the plant cell consist of carbon

dioxide which is a gas composed of one part of carbon and two

parts of oxygen, and water which is composed of two parts

of hydrogen and one part of oxygen. Dissolved in the water

are various inorganic salts, particularly nitrates, which, as will be

seen, are necessary constituents of the more complex foods.

Chlorophyll uses the energy of sunlight to separate the carbon

from the oxygen in the carbon dioxide and to combine the carbon

thus secured with the hydrogen and oxygen of the water to form a

type of sugar, or carbohydrate, which is the first food product of

photosynthesis. The oxygen which was separated from the carbon

is not utilized in photosynthesis but passes off as free oxygen, and

it may be later used in respiration by plant and animal cells as a

basis of their katabolic activities. These latter, it will be remem-
bered, disintegrate the complex compounds present in the cells in

order to secure energy for the essential life processes ; carbon and

oxygen again uniting to form carbon dioxide which passes off as

an excretory product.

Sugar having been formed, it may be utilized at once by the

plant protoplasm (a) to secure energy through oxidation, or (6) it

may be changed to another carbohydrate, starch, and stored

for later use, or (c) the proportion of oxygen present in either the

sugar or starch may be decreased, and thereby the food material

changed from a carbohydrate into a fat which may also be stored,

or, finally, (d) the carbohydrate may be built up into the more
complex food material, protein, by the addition of nitrogen and
other inorganic salts dissolved in the water taken into the plant

cells. There is a question as to whether the protein formation

occurs as a part of the photosynthetic action or whether it is a later

process brought about in some other way.

Plants. Since, then, plants are of basic importance in supply-

ing the nutritive requirements of animals, it will be well to present
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a few important facts regarding them at this point. Plants are

probably the most abundant of all living organisms. They range

in size from microscopic, unicellular species to the giant Red-

woods of California. Four major divisions, or phyla, of the Plant

Kingdom are recognized, namely : (a) the Thallophyta, which

include (i) the Algae (e.g., Pleurococcus and Spirogyra, noted

below) and (ii) the so-called Colorless Plants, or Fungi (e.g.,

Racteria, Yeast, and Molds, noted below), which are unique in

that they are the only group of plants which lack chlorophyll

;

(b) the Rryophyta, or Mosses
;

(c) the Pteridophyta, or Ferns

;

and (d) the Spermatophyta, or Flowering Plants, which include

most of our common species. Three common forms of green

plants may now be indicated.

Pleurococcus. This is a very common, unicellular Alga which

forms a greenish covering on the bark of trees, on flower pots, and

on many other surfaces where a suitable environment is provided.

The greenish covering, when examined microscopically, is found to

consist of great numbers of tiny cells, each of which, since it con-

tains the basic food-forming substance, chlorophyll, is able to

manufacture complex foodstuffs photosynthetically from the simple

inorganic materials present in the immediate environment, and thus

to carry on an independent existence. Here in this minute cell,

then, although it lacks all the specialized structures of the higher

plants, are concentrated all the characteristic and essential life

processes of green plants, including photosynthesis. (W. pp. 30-

34.)

Spirogyra. This is a simple type of multicellular Alga which

is frequently found floating on the surface of stagnant fresh-water

ponds, and is often referred to as the Pond Scum. Spirogyra con-

sists of a variable number of long, tubular cells attached end to

end to form a fine thread-like filament, which constitutes the

entire plant body. The cells, although attached, are independent

functional units, each one performing all the essential life proc-

esses just as is the case in Pleurococcus. The cells of Spirogyra

are characterized structurally by a very large and beautiful, spiral

chloroplastid which lies just under the cell wall embedded in a

layer of cytoplasm, like a piece of green ribbon. There may be

one or more of these chloroplastids in each cell, depending upon the

particular species examined. Each chloroplastid contains not

only the chlorophyll for photosynthetic food manufacture, but
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also numerous, small spherical bodies, the pyrenoids, which func-

tion in the formation and storage of reserve starch. (B. p. 21.)

Elodea. This is a highly developed, water-living species belong-

ing to the Flowering Plants. In a plant of this type the cells are

specialized for various functions. The chlorophyll-bearing cells

are largely centered in the leaves, which are to be regarded as

highly specialized organs for the processes associated with food

manufacture. The chloroplastids of Elodea are tiny disc-shaped

bodies which lie embedded in the cytoplasm near the cell wall.

The cytoplasm of Elodea exhibits a noteworthy flowing movement,

which is considered later (p. 16), and the chloroplastids are carried

along in the current.

Colorless Plants. It has been noted above that the Colorless

Plants, or Fungi, which include a large number of species belonging

to such well-known groups as the Bacteria, Yeasts, and Molds,

are characterized by the absence of chlorophyll. They are unable,

therefore, to satisfy their nutritive requirements through the syn-

thesis of essential foodstuffs from the inorganic materials in their

environment as are the Green Plants. The Fungi, like the animals,

must have organic compounds which had their origin in photosyn-

thesis. On the other hand there is a wide divergence in their

nutritive requirements, and many fungus species find adequate

food materials in compounds much less complex in their chemical

nature than those required for animal nutrition. Because of this,

the Fungi play an essential role in the cycle of elements in nature

by utilizing various organic substances which are not suitable for

the nutrition of either green plants or of animals. In such cases

the constituent elements can then be again utilized in photosyn-

thesis by the chlorophyll-bearing plants. Furthermore, the Fungi,

in their quest for nutrients, attack the tissues of dead organisms—
the process of decay— and in the end make available to the

green plants the vast amounts of materials there present which

would otherwise be lost. Three groups of Fungi may now be in-

dicated. (W. pp. 37-45.)

Bacteria. There are some 1400 species of Bacteria known, all of

which are microscopic in size, and, in addition, there are undoubtedly

many other species which are too small to be seen even under the

highest magnification of the microscope. Structurally the bacteria

cell appears to be very simple, consisting of a bit of cytoplasm,

in which a definite nucleus is not apparent, enclosed in a cell wall.
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Three types of these unicellular Fungi are noted, namely, the

spherical cocci, the rod-shaped bacilli, and the spiral spirilla.

The Bacteria and all Fungi absorb their food materials in soluble

form through the cell wall. Enzymes are secreted in many in-

stances which act upon solid nutrient materials and render them

soluble. Certain noteworthy groups of Bacteria are (a) the Decay

Bacteria, which are almost omnipresent, (b) the Nitrogen-fixing

Bacteria, which live on the roots of various plants and are charac-

terized by their ability to 'fix' the free nitrogen of the air and thus

make it available for the use of green plants, (c) the Disease-

producing, or Pathogenic, Bacteria, which attack the tissues of

living plants and animals and cause many of our worst diseases.

Yeast. The Yeasts, like the Bacteria, are widely distributed,

unicellular Fungi with very simple structural features. Each

Yeast plant consists of a microscopic, egg-shaped cell with a well-

defined cell wall and a poorly defined nucleus. Yeast finds a

particularly favorable environment in fruit juices containing sugar

and protein material in solution. The respiratory function of the

Yeast cell centers in the disintegration of the sugar molecule with

the resulting formation of alcohol and carbon dioxide, and this is

accomplished by a characteristic enzyme, zymase.

Molds. There are a whole host of filamentous fungus forms,

the Molds, which attack and thrive on a great variety of materials.

They are able, as in the case of the common Bread Mold, to secrete

an enzyme which renders the foodstuffs soluble so that they can be

taken into the organism. In some cases the plant body is an

undivided, multinucleate mass of protoplasm, thus lacking a defi-

nite cellular organization. In other groups the plant body of

the Mold is definitely multicellular.

3. Growth and Reproduction

It is evident from the earlier discussion that two antagonistic

life processes are in synchronous operation in a living cell. On
the one hand there is the tearing down of the complex compounds

with the resultant liberation of energy and the formation of

metabolic wastes ; on the other, there is a rebuilding through the

utilization of the incoming nutritive materials. If the katabolic

processes are greater, the death of the cell will eventually result.

If the sum total of the anabolic processes are greater, the growth
of the cell will occur. The growth of a living organism is by the
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unique method, known as intussusception, which is characterized

by the intercalation of new material among the old. It is quite

unlike the process of increase in size by accretion in which the

new material is deposited externally on the old, and which is

exhibited in the inorganic world in crystal formation.

Attention should now be called to the fact that the size of any
specific type of cell is quite definitely limited, so that when a cell

has reached a certain size, growth stops. At this point, provided

the dominance of the anabolic processes continues, another char-

acteristic feature of protoplasm appears in that the cell has the

ability to divide into two daughter cells. This constitutes repro-

duction, and the result is the formation of two cells each having the

general characteristics of the parent cell. The inherent relations

which, it is now apparent, exist between anabolism, growth, and
reproduction will be emphasized later in the study of Amoeba
and other Protozoa.

The reproduction of a cell always takes place following a compli-

cated process known as mitotic cell division, or mitosis, which

involves profound nuclear changes. These result in the correct

quantitative and qualitative division of the chromatin material in

the nucleus of the dividing cell, and its equal distribution to the

two daughter cells. Since, as noted previously, the chromatin is

the chief vehicle for the transmission of hereditary characters,

the necessity for an accurate division of the material is evident.

(W. pp. 239-243.)

4. Differentiation

It has been noted above that organisms consist either of one

cell or of many cells. Attention should be called at this point to

the additional fact that all organisms from the lowest to the highest,

including Man, begin life as a single cell— they are originally

unicellular — and it is by the continued growth and repeated

division of the original cell into two, four, eight, and finally into

millions and millions of cells, which remain permanently attached,

that the adult organisms are built up. This brings in another

important factor, namely, differentiation, which means that

groups of cells become structurally modified, or differentiated, to

perform a certain task, or function, for the organism as a whole so

that in the higher multicellular organisms, or metazoa, as they are

termed, there is a division of labor between different kinds of
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cells. For instance, in an animal, the cells lining certain regions of

the alimentary canal are differentiated for the digestion and ab-

sorption of food. They are not concerned with nor would they

find it possible to function, for example, in hearing.

5. Irritability and Adaptation

Inasmuch as metabolism is a fundamental feature of protoplasm,

it follows that organisms must have an environment which sup-

plies the necessary materials together with favorable conditions

for the continuous and successful operation of all these essential

life processes. If an environment is too hot or too cold or too dry,

metabolism may be hindered or entirely stopped. If water, oxy-

gen, proteins, and other necessary materials are not in adequate

supply, death results. In this connection another unique feature of

protoplasm should be emphasized, namely, irritability, by which

is meant that living matter responds to its environment and is

able thereby to determine whether or not the situation is advan-

tageous or detrimental. In the higher animals, a differentiated

nervous system is developed which is equipped to receive the

external stimuli, translate them, and then to incite the proper

coordinated response, or adaptation, on the part of the organism.

Thus a continuous and exquisite adjustment is maintained between

the organism and its environment. Furthermore, protoplasm

possesses a certain amount of plasticity with regard to the sur-

rounding conditions which we may call adaptation. That is to

say, protoplasm can adjust or adapt its metabolic processes to

various environmental factors, such as temperature, so long as

certain limits are not passed. Thus, for example, in a Frog, the

life processes exhibit their highest rate of activity in the spring

and summer when the temperature conditions are favorable.

During the winter season when the environmental conditions are

unfavorable the life processes are reduced to a minimum — the

animal adapts itself to the situation and hibernates.

6. Movement

In the first place it should be noted that the power of movement,

which is commonly associated with living organisms, is not peculiar

to protoplasm. It is apparently inherent in all types of matter,

and if we were able to examine the ultimate structure of a piece of

metal or any other inanimate or animate material, a field of con-
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tinuous and intense activity undoubtedly would be revealed. An
indication of this is to be seen in the physical phenomenon known
as brownian movement. This occurs, for example, when a finely

ground, insoluble substance is placed in water. A microscopic

examination reveals a continuous, spontaneous movement of the

particles, which is believed to be the expression of the activity of

the ultramicroscopic molecules in the liquid.

Although, then, basically, this phenomenon cannot be regarded

as a unique feature of living organisms, visible spontaneous move-

ment is, nevertheless, the most striking and readily recognized

indicator of life. By means of it organisms are able to perform

various life functions. Thus movement is closely associated with

nutrition in many forms of life. If the food supply is scarce or

other environmental factors are unsuitable, many types of organ-

isms are so equipped that they can move to a more favorable

region. Indeed movement is vitally important in almost every

phase of life ; a fact that can probably be shown to the best advan-

tage by noting a few representative types of protoplasmic move-

ment.

Flowing Movement. In many types of plant and animal cells

a flowing, or streaming, of the protoplasm is easily observed under

the microscope. In a unicellular form like the Amoeba where the

protoplasm is not enclosed in a rigid cell wall, the direction and

extent of the protoplasmic flow is irregular and depends largely

upon the environmental factors. In higher types of cells with

more or less rigid cell walls a regular streaming, or cyclosis, of

the enclosed cytoplasm occurs. This can be seen to good advan-

tage in a unicellular animal like Paramecium. An especially good

example is to be seen in the leaf cells of the fresh-water plant

Elodea. In an active cell, a microscopic examination will show

that the disc-shaped chloroplastids are moving around and around

just inside the cell wall. This is due to the streaming of the cyto-

plasm in which the chloroplastids are embedded. Finally, it is

probable that a definite and regular protoplasmic streaming occurs

as a necessary feature in cell division. It has been found possible

to detect a protoplasmic flow during this period. (W. fs. 11, 27.)

Ciliary Movement. Many types of cells possess cilia. These

are extremely fine, protoplasmic filaments which project from the

cell surface. They exhibit a beautiful, coordinated lashing move-

ment which, in the unicellular forms, serves to propel the organism
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through the water and to aid in securing food. In higher organisms

ciliated cells line various ducts and bring about the movements of

fluids through them. (W. fs. 7, E ; 27.)

Muscular Movement. In the higher animals, the power of

visible movement is centered in the contractile muscle tissue which

is differentiated for this purpose. Muscle tissue is composed of

highly specialized cells which act in unison when stimulated, and

thus bring about a movement of the muscle as a whole. In the

final analysis, however, it is the cytoplasmic movement in each

muscle cell which brings about the mass movement of the entire

muscle. (W. f. 7, B ; 32, E.)

7. Summary

In summarizing, we find that life requires the constant expendi-

ture of energy. This is obtained by the destructive oxidative

process of katabolism. To balance this and also provide an excess

of material for growth, there is the constructive process of anabo-

lism in which food formed by photosynthesis is supplied. The

sum total of these processes, or metabolism, involves the essential

life processes of nutrition, respiration, excretion, growth, repro-

duction, and adaptation ; all of which, in the final analysis, are

centered in the cell as the fundamental structural and functional

unit of every living organism.

In the following pages, descriptions are given of the structure

and life processes of representative types of animals ranging from

the comparatively simple, unicellular forms through various grades

of multicellular complexity until the climax is attained in the

Vertebrate animals. In considering these examples selected from

the panorama of animal life, it is of primary importance for the

student of biology to gain a clear conception as to how each

organism, with its own peculiar structural and physiological

problems, is able to perform the metabolic processes which are

characteristic of, and essential to, all life.
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II. AMOEBA

Amoeba is a particularly interesting and important type for

biological study because it is one of the most primitive and simple

living organisms known. It is a unicellular animal, and its struc-

ture is such that, with the aid of the microscope, it is possible to

observe and study a tiny bit of that unique living substance, proto-

plasm, stripped of all the complicating structural features which
tend to obscure it in the higher forms of life. Although practically

devoid of structural differentiation, an Amoeba is able to carry on
all the essential life processes with great success and efficiency. In

the final analysis, therefore, this tiny animal cannot be regarded
as being essentially simple in its ultimate structure. This is very
apparent when we consider that the minute drop of protoplasm,
which constitutes the Amoeba, is not only the vehicle but also

the primary directing force for an amazing array of complicated
processes which are necessary for life.

A. Structure of an Amoeba

Under the high power of the microscope a living Amoeba is

revealed as a tiny, irregular drop of a rather fluid material which
is almost transparent. Continued observation soon shows that a
streaming movement is continually occurring, and this results in

a rapid change in the shape of the animal. In its very simple
form, the Amoeba lacks one of the parts which, as has been noted
in the previous chapter, is a usual feature of cell structure,

namely, a definite cell wall. The protoplasm, however, is differ-

entiated into the cytoplasm and nucleus which constitute the
essential parts of cellular structure in all organisms. Further-
more, the cytoplasm of an Amoeba consists of a thin outer layer
of ectoplasm, which serves as a simple type of protective layer,

and an inner region of endoplasm which constitutes the bulk of
the animal.

The ectoplasm shows a clear, homogeneous structure and, in

an active specimen, may be described as a rather viscous, trans-
19
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parent liquid. It slowly flows in various directions, depending

largely upon the environment. This movement results in the

formation of irregularly shaped, protoplasmic projections, known

as pseudopodia. 1 It is by means of the flowing movement, with

the consequent formation of pseudopodia, that the animal moves.

A movement of this type, as has been previously noted (B. p. 16),

is known as amoeboid movement. The exact nature of amoeboid

movement is not fully established, even though it has been the

subject of a large amount of research work. (B. f. 1 : W. fs. 6, 13.)

The endoplasm, in comparison with the ectoplasm, is not so

viscid a substance and it has a tendency to flow more readily.

Observations on living Amoebae show, however, that in the forma-

tion of pseudopodia the flowing movement appears first in the

ectoplasm, and later the endoplasm rapidly streams into the ecto-

plasmic region where the pseudopodium is being formed. The

endoplasm is less transparent than the ectoplasm, and a micro-

scopic study with the proper type of illumination shows clearly

that it is not a homogeneous material. It is generally believed

that the endoplasm consists of a basic ground substance in which

innumerable, ultramicroscopic particles are suspended. In addi-

tion to these particles, which apparently form a fundamental con-

stituent of the endoplasm, it will be found that there are also

many particles of various kinds, shapes, and sizes present which

are sufficiently large to be easily observed under the microscope.

For the most part these are transient, non-living, metaplasmic

materials, such as undigested particles of food, indigestible refuse,

etc., which have not been expelled.

The endoplasm contains a number of other structures, the most

important being the nucleus, which is an essential part of every

cell. It is probably the directing center for all the life processes.

There is also a single contractile vacuole which collects and

expels the liquid and, possibly, gaseous wastes resulting from the

breaking down of living material, as well as the excess water taken

in with food. Numerous gastric vacuoles are present in which

the particles of food that have been taken into the animal are

being digested. The gastric vacuoles are temporary structures;

the number present in an Amoeba at any time depending upon

the amount of food material which is undergoing digestion.

1 Singular, pseudopodium.



Figure 1

This figure, which was drawn from life, at a magnification of about 500

diameters, portrays a large specimen of the primitive, unicellular animal,

Amoeba, moving along filaments of the common, green, water-living plant,

Spirogyra. At the time the figure was drawn, the animal was moving down-

ward along the vertical strand at the right of the figure as is indicated by the

large, protruding pseudopodium. At the lower left, a related species, the

beautiful Sun-animalcule, Adinophrys, is shown.

21
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When it comes to the determination of the exact physical struc-

ture of protoplasm, whether it be from an Amoeba or from a Man,

the problem becomes very difficult— in fact, so difficult that the

solution is not apparent at the present time, even though it has

been, and still is, the subject of a great amount of investigation

by some of the ablest scientists. Scientific investigation with a

view to determining the exact details of protoplasmic structure,

as has been noted in the preceding chapter, is definitely limited

by the fact that protoplasm cannot be subjected to intensive

analytical methods without thereby destroying the primary object

of the investigation, namely, the quality we call life. The dead

material, which was formerly protoplasm, can, of course, be sub-

jected to intensive analysis, but such studies have not so far re-

vealed the basic secrets of protoplasmic structure.

B. Life Processes of an Amoeba

1. Nutrition

One of the fundamental characteristics of living organisms is

the power to take in certain materials from the outside environ-

ment and either use them at once to supply energy for the life

processes, or convert them into the actual living protoplasm of

the body. The nutrition of an animal is designated as holozoic,

and it involves destructive chemical processes in which various

types of complex foodstuffs are broken down, and the resulting ma-

terials utilized in the various ways necessary either for the nourish-

ment of the protoplasm or for securing energy for the essential

life processes. The Amoeba exhibits a typical holozoic type of

nutrition, and this animal has the power to carry on this process in

essentially the same way as do the highest types of animal organ-

isms, the only difference being that the single-celled animal, lacking

the highly developed nutritive systems of the higher forms, does

the work with much simpler apparatus. The holozoic nutrition of

animals involves several stages, namely, the capture and ingestion

of food, its digestion and assimilation, and, finally, the egestion

of the indigestible refuse. These various steps in the nutrition of

Amoeba may next be considered.

In the normal environment of the Amoeba there are materials of

various kinds which the animal is able to utilize as food. Among

these may be noted unicellular plants, such as the Bacteria and
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Diatoms, filamentous Algae, other forms of Protozoa, and organic

debris of many kinds. The Amoeba has only one method for secur-

ing all types of food material. This consists in moving towards the

food particle and then gradually surrounding it by means of the

pseudopodia. When the peripheral protoplasm comes into contact

with a food particle, the process of ingestion begins at once. All

regions of the ectoplasm of the Amoeba can perform this combined

process of capture and ingestion. Apparently it is the chance con-

tact which determines the particular region of the ectoplasm which

is to act as the temporary organ for capturing a particular food

particle or living organism, and also as the temporary mouth for

engulfing it.

An Amoeba, of course, comes into contact with many particles

of inorganic material, such as grains of sand, which cannot be uti-

lized as food. It can generally be shown in such cases that the ecto-

plasm of the Amoeba differentiates between the materials which

are suitable for food and other materials which cannot be so used.

Thus, when an Amoeba comes into contact with a grain of sand,

instead of engulfing it, the flowing movement and pseudopod for-

mation in that direction ceases, and a movement is initiated in

another direction, which avoids the undesirable material.

A food particle having been ingested by the ectoplasm next

passes into the endoplasm, becomes surrounded by a small amount

of fluid taken in with it, and constitutes a gastric vacuole in which

digestion takes place. The portion of endoplasm which surrounds

the food material apparently becomes temporarily specialized for

the work of digestion, and is able to secrete certain chemical sub-

stances, known as enzymes, which are believed to be of the same

nature as those secreted in higher forms of animals by the glands

in the walls of the alimentary canal. It is these enzymes which

digest the food. Digestion, in all forms of organisms, may be

defined as a process whereby the complex food materials are

chemically changed so that they can be absorbed and assimilated

by the cells, and thus made available for the protoplasm. This is

just what happens to the food in the gastric vacuoles of an Amoeba.

(W. f. 13.)

The process of assimilation of the digested material in Amoeba
and in other unicellular forms is a comparatively simple one, for

the food as it is digested in the gastric vacuole passes directly into

the surrounding endoplasm and is at once available for energy or
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for the construction of additional protoplasm. In practically all

kinds of food a certain amount of indigestible material is taken

into the body, and this must be eliminated. Such material has

never been a part of the organism : it is only a temporary inclusion.

The process of elimination of such material is known as egestion

and is to be distinguished from the process of excretion. The
latter, as we have seen in the previous chapter, is concerned with

getting rid of waste materials from substances that have actually

played a part in the life of the organism. In the Amoeba there is

no specialized structure for egesting the refuse from digestion.

These wastes leave the animal through a temporary opening in the

ectoplasm which forms at the spot which happens to be nearest to

the gastric vacuole at the time digestion is completed.

2. Respiration

Respiratory activities — involving the intake of oxygen which is

necessary for the metabolic processes, and the outgo of carbon

dioxide which has been formed as a result of the destructive meta-

bolic processes— are present in all organisms. Respiration may
be regarded as a double process ; on the one hand, the supplying of

oxygen, which is a phase of nutrition, and on the other hand, the

elimination of carbon dioxide, which is a phase of excretion. In the

Amoeba, the entire surface of the animal serves as a medium
through which this essential interchange of gases takes place.

(W. f. 13.)

3. Excretion

The process of nutrition in Amoeba, considered above, results in

supplying food materials to the animal, which are utilized either as

a source of immediate energy, for repair, or for the growth of the

animal by intussusception. So long as there is life, the protoplasm

is continually being torn down, and, if life is to exist, it must be

replaced just as continually by the assimilation of food material.

The waste products, resulting from the destruction of the complex

compounds in the protoplasm, consist chiefly of carbon dioxide,

water with various inorganic salts in solution, and urea ; the

latter containing nitrogenous materials.

The nitrogenous wastes of Amoeba are excreted through the sur-

face ectoplasm to some extent and also by means of a specialized

structure, the contractile vacuole, into which the wastes from the
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cytoplasm continually drain. As a result the vacuole enlarges.

When a certain size is reached, the surrounding endoplasm con-

tracts, and the wastes are forced out of the animal into the sur-

rounding liquid environment through whatever portion of the

ectoplasm happens to be nearest to the contractile vacuole at the

time. By this contraction the vacuole is temporarily eliminated,

but in a few moments the waste materials will again be present

in a sufficient quantity to bring about a reappearance of the vac-

uole. A little later, the contractile vacuole having again attained

the maximum size, a contraction takes place with a consequent

expulsion of the liquid contents as before described. It is probable

that this structure also functions in the removal of carbon dioxide.

4. Reproduction

When the food supply of an Amoeba is plentiful, so that the

animal can ingest, digest, and assimilate food material in such an

amount that the katabolic wastes are more than met, growth re-

sults. If this process of growth were able to continue indefinitely,

an Amoeba of enormous size would soon develop. For some reason,

however, Amoebae and other animals are limited, although there

is some variation, to a certain maximum size which is character-

istic of the particular species. When this limit is reached in an

Amoeba, the unicellular animal divides by mitosis into two sepa-

rate individuals, each of which when first formed is one-half the

size of the parent. This method of reproduction in the unicellular

forms is known as binary fission. The two daughter cells begin

at once to assimilate food material in sufficient quantities to cause

growth, and in a few hours each has attained the normal size.

Reproduction by division may again take place, so that within the

space of a few hours four independent Amoebae will thus have

arisen from the original parent animal. (W. f. 8.)

If the environmental conditions continue to be favorable, there

will be thousands of Amoebae in the course of a few days. The
process of growth and reproduction could apparently continue, if

the food supply held out and there were no other inhibiting environ-

mental influences, until the earth was covered with a mass of

amoebic protoplasm. It is a question, however, whether any pro-

tozoan cell can continue to divide indefinitely without the occur-

rence at certain intervals of some type of reorganization of the

nuclear material, such as endomixis in Paramecium. (B. p. 44.)
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5. Adaptation

An Amoeba has the power of adapting itself to its environ-

ment in response to various kinds of stimuli which it receives. The

protoplasm of which it is composed may be aroused or irritated by

a number of external factors such as light, temperature, electricity,

chemical stimuli, and contact. Any part of the ectoplasm of

Amoeba is able to receive these stimuli and to respond to them : it

is all irritable material. In higher forms of animals a specialized

irritable tissue, the nerve tissue, is present, which is connected

with, and forms, the essential part of various types of sense organs

adapted for receiving different kinds of external stimuli.

The capture of food and the rejection of unsuitable materials

by an Amoeba, which have been noted above, may be taken as

examples of the ability of the ectoplasm of this animal to receive

and be influenced by external stimuli. It is probable that food is

secured in two ways : first, by the stimulus received through a

chance contact with a food particle and, second, as a result of a

chemical stimulus received from a distance. There is some evi-

dence to show that the Amoeba and certain other species of Proto-

zoa have the ability to ' sense ' food at a distance and then move

more or less directly toward it.

C. General Facts of Importance

Classification. In beginning our study of representative

animal forms which are of interest and importance from the

general biological standpoint, it will be helpful to understand

certain features of the systematic arrangement, or classification,

by which all organisms are placed in groups in accordance with

what appears to be their true relationships as determined by all

the available data. For efficient and systematic work in any field

it is always necessary to arrange, or classify, the particular objects

under consideration, whether they be living organisms or books

in a library. The system of classification necessarily becomes

more detailed and complex as the number of objects differing from

each other increases. If there is only one point of divergence,

then obviously only two groups are necessary, for all the objects

could be classified in one or the other group. (W. pp. 46-47.)

In considering the animal kingdom we find that it is commonly

divided into thirteen primary groups, each of which is known as



AMOEBA 27

a phylum. Every known animal is placed in one of these phyla.

Thus the most primitive forms of animal life, including all the

unicellular forms such as Amoeba, are placed in the first phylum,

which is known as the Protozoa. Because of the great numbers

of animals and their many points of divergence it is necessary to

subdivide the phyla into many smaller divisions, the exact number
of these divisions in any phylum depending upon the number of

diverging organisms to be considered. (W. pp. 457-459.)

Considering the phylum Protozoa, there are four primary divi-

sions, termed classes. Amoeba and related forms which possess

pseudopodia are put in the first class, the Sarcodina, which is again

split into two subclasses. Amoeba belongs to the subclass Rhizo-

poda, which are creeping forms as distinguished from the subclass

Actinopoda, which are floating forms. Further subdivision can

be made through order, family, genus, and, finally, species.

Animals belonging to a particular species conform very closely in

their characteristics, but still show slight individual variations.

In naming an animal or plant the binomial system of nomen-
clature is used. The term binomial means that two names are

employed which are those of the genus and the species. Thus
in the case of Amoeba, the scientific name for the common species

studied is Amoeba proteus, in which Amoeba is, of course, the name
of the genus and proteus the name of the species. In many cases

where exact scientific data are not involved it is customary, just

as in this chapter, to omit the name of the species in referring to an

organism.

Other Noteworthy Types of Sarcodina. There are a num-
ber of common species of Sarcodina which, unlike Amoeba, possess

a shell. Thus Difflugia has a beautiful, cone-shaped shell which

has been made by cementing bits of sand together. Another

type of shell is found in forms like Arcella or in the Foraminifera

which are formed as a secretion by the peripheral ectoplasm. The
chemical composition of the shells varies greatly in the different

groups. Great chalk deposits, which are of economic importance,

have been formed in the past ages by the gradual accumulation of

shells from the marine forms, particularly the Foraminifera. The
Sun-animalcule, Actinophrys, shown on page 21, is a beautiful,

fresh-water form with many fine pseudopodia radiating from the

spherical cell body. (W. fs. 19-21, 244.)

There are several species of Amoebae which are parasitic in the



28 MANUAL OF ANIMAL BIOLOGY

digestive tract of Man and various domestic animals. By far the

most important of these is Entamoeba histolytica which attacks

and destroys the cells lining certain regions of the intestine in

Man, thus producing the very serious and widespread disease

known as amoebic dysentery. (W. f. 245.)
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III. EUGLENA

Euglena is a common example of a very small group of uni-

cellular, animal-like organisms which possess chlorophyll — that

remarkable energy-trapping and food-synthesizing agent which, as

has been noted, is characteristic of green plants. The presence of

chlorophyll is considered by some authorities to be a fundamental

and decisive feature and they, therefore, regard Euglena as a plant

and place it in close relationship to the unicellular Algae, such as

Pleurococcus. Other authorities, notwithstanding the plant-like

nutrition, regard Euglena and similar forms as Protozoa because

their general structure is very similar to undeniably unicellular

animals. In other words, they regard Euglena as an animal which

in some way has acquired a plant-like type of nutrition. For the

present, Euglena may be considered as a border-line, or transitional

form showing a close relationship to the Protozoa in its general

structure and to the green plants in its nutrition.

Thus it is evident that in certain of the lower forms of life, the

characteristics, which serve unmistakably to differentiate higher

plants and animals, disappear, so that it becomes impossible, when

considering these border-line forms, to say definitely that they are

either plant or animal. They partake of the characters of both

kinds of organisms.

A. Structure of Euglena

Several species of Euglena are known, all of which are micro-

scopic in size. Structurally they show a somewhat higher type of

organization than does the Amoeba. The outer surface of the

body is covered by a delicate, striated cell wall which is formed

as a secretion by the underlying ectoplasm. An active Euglena

exhibits peculiar squirming, or euglenoid movements, during

which the shape of the cell varies greatly, ranging from nearly

spherical to a typical cigar-shape. These changes in shape are

possibly due to the fact that the cell wall, or pellicle, is very thin

and, therefore, does not possess sufficient rigidity to hold the rather
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fluid ectoplasm in a constant shape. The cell wall, however, is

sufficient to maintain a regular body outline so that protruding

pseudopodia are not formed as in the Amoeba. (B. p. 35.)

Projecting from the somewhat blunt anterior end of Euglena

is a delicate, vibratile filament, or flagellum. 1 This structure

arises from a number of very fine fibrils present in the ectoplasm

near the anterior end of the body, which are united to form the

flagellum. The flagellum is attached in a depression, or pit, in

the ectoplasm. In some of the Protozoa this pit extends down into

the endoplasm and serves as a passage for food particles. In

Euglena, however, it apparently has nothing to do with the process

of obtaining food, but serves as a canal for the passage of fluids

from the contractile vacuole system. In an active individual the

flagellum is continually vibrating with such great rapidity that it is

difficult to see. It serves as an organ of locomotion and, as a

result of its spiral movement, the organism is drawn ahead with

considerable speed. (W. f. 22.)

The endoplasm of Euglena, which makes up the greater part

of the animal, contains a number of interesting structures. At the

anterior end, just back of the so-called gullet, is the contractile

vacuole. This structure does not have the simplicity that charac-

terized the single contractile vacuole of Amoeba. It consists of a

large central reservoir which is believed to empty into the gullet.

Around the edge of it are several tiny contractile vacuoles which

discharge the liquid wastes into the central reservoir.

Situated close to the reservoir of the contractile vacuoles is a

spherical body of great interest, known as the eye spot, or stigma,

which consists of a tiny bit of cytoplasm containing reddish-colored

pigment (hematochrome) . It is believed that the stigma is a

primitive type of light-receiving apparatus since it is known that

this region is sensitive to light rays. This enables Euglena to find

the place in its environment which is best adapted for its photo-

synthetic nutritive processes. (W. f. 22.)

The chlorophyll in Euglena is contained in disc-shaped chro-

matophores scattered through the endoplasm. Pyrenoids,

which probably serve as starch-forming centers, can also be dem-

onstrated in some individuals.

The comparatively large nucleus of Euglena lies embedded in the

endoplasm, just posterior to the center of the animal.

1 Plural, flagella.
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B. Life Processes of Euglena

1. Nutrition

Possessing chlorophyll, Euglena is able to manufacture photo-

synthetically the complex foodstuffs necessary for the maintenance

of life, just as is the case in the chlorophyll-bearing plant cell. It

has also been shown that Euglena, when placed in an environment

containing organic materials in solution, can nourish itself and
thrive in the absence of sunlight. It is apparent in the latter con-

dition that Euglena is able to make use of another type of nutrition,

known as saprophytic or saprozoic — the exact term depending

upon whether the organism is regarded as a plant or an animal —
in which complex food materials in solution are taken through the

cell wall by diffusion and assimilated.

There does not appear to be any evidence that Euglena ever

receives any nutriment by the holozoic method of nutrition, such

as was studied in Amoeba, in which solid particles of food are in-

gested and then acted upon by digestive ferments in order to render

them soluble and capable of being assimilated.

2. Respiration and Excretion

It has been emphasized previously that the process of respira-

tion is continuous in living organisms. There is no other way for

them to secure the energy necessary to maintain vital processes.

Respiration, however, may be obscured in an organism in which

photosynthesis is occurring. Thus in daylight the chlorophyll in

Euglena undoubtedly uses all the carbon dioxide produced by
the katabolic processes in the cell and also takes in some additional

from the environment, at the same time releasing the excess free

oxygen formed by the photosynthetic processes. In the dark

when photosynthesis stops, Euglena will necessarily give off the

carbon dioxide and take in oxygen, just as in a typical animal

cell like Amoeba. The elimination of the nitrogenous wastes from

Euglena apparently occurs through the contractile vacuole ap-

paratus and at the surface, as in Amoeba.

3. Reproduction

Under favorable environmental conditions, when a Euglena

has reached a certain volume, reproduction by binary fission

occurs, as noted in Amoeba, and two daughter cells result. The
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cell body of Euglena, and other related forms, always divides

longitudinally, beginning at the anterior end. Very shortly after-

wards if the conditions are favorable, the daughter cells attain the

structural organization and size of a typical Euglena. (W. f.

22, B.)

When the environmental conditions of Euglena are unfavorable,

due to a lack of moisture or other factors, it has the power of

encysting, a process which is quite common among many species

of the unicellular organisms. The organism just previous to

encystment becomes quiescent and soon assumes a spherical shape.

The ectoplasm then secretes a resistant cyst wall which entirely

encloses the cell. In this condition the dormant organism is able

to withstand unfavorable environmental conditions. When the

latter are again favorable the cyst wall is dissolved, and the Euglena

once more assumes an active life. In many cases cyst formation

is followed by reproduction, for during encystment one or more

divisions of the cell body may occur, so that when the cyst wall

is later dissolved, two or more individuals escape and begin an

active, free-swimming existence. (W. f. 22, C.)

4. Adaptation

The stigma in Euglena, as has been stated above, is believed

to be sensitive to light rays. Thus the organism is able to attain

the particular location in any given environment which is best

adapted for carrying on the photosynthetic processes. In a culture

of Euglena it will be found, for example, that the individuals, in

general, move toward the source of light. However, direct sun-

light does not represent the best condition, and may even be fatal.

If, therefore, one side of the culture is dark and the other side is

in the direct sunlight, it will be found that the organisms tend to

congregate in an intermediate zone between the two extremes.

This particular region is the one with optimum conditions for pho-

tosynthesis. A response to light by an organism is spoken of as

phototropism. Euglena, when it moves toward the light, is

said to be positively phototropic, and when it moves away from

light of high intensity, to be negatively phototropic.

The phenomenon of encystment, noted above, may be regarded

as an adaptive measure which enables Euglena to survive unfavor-

able environmental conditions. It, is of common occurrence among

unicellular organisms.
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C. General Facts of Importance

Related Species. Euglena viridis belongs to the protozoan

class Mastigophora which, as the name indicates, is characterized

by the presence of one or more whip-like, cytoplasmic filaments, the

flagella. The Flagellates, as this group is more commonly termed,

may be divided into the animal-like forms, such as the Trypano-

somes some of which live in the blood of Man, and the plant-like

forms, such as Euglena. Three common types of Flagellates are

shown on page 35.

As a group the Mastigophora present several important prob-

lems. One of the most interesting of these is the question of the

exact relationship of certain species. For example, a genus like

Mastigamoeba which has the general structure and appearance

of an Amoeba, but possesses a flagellum. There are also many
colonial types among the Flagellates, which reach their culmination

in Volvox, which is considered in the next chapter. Finally, many
examples can be found of Flagellates which parasitize higher

animals, including Man. These parasitic species may be divided

into the blood dwellers, or Hemoflagellates, and the intestinal

dwellers. The most important types are found among the Hemo-
flagellates, such as the Trypanosomes, which are the cause of the

deadly Sleeping Sickness of the tropics. (W. fs. 29, 30, 224.)

Finally, it should be noted that the very important blood-dwell-

ing Malarial Parasite does not belong to the Mastigophora, but to

a separate class, the Sporozoa. (W. f. 223.)
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IV. VOLVOX

Volvox is a colonial, fresh-water organism, the body of which

consists of a great number of independent flagellated cells. These

cells are essentially similar to Euglena in structure, and like the

latter have the holophytic type of nutrition. The presence of

chlorophyll, just as in Euglena, makes the exact relationships of

this organism a doubtful question. Volvox is classified with the

unicellular, flagellated animals as a Protozoon or in the lowest order

of Green Algae as a primitive plant form. Our main point of inter-

est, however, in connection with Volvox lies in the fact that it is a

primitive multicellular organism in which each individual consists

of a great number of cellular units permanently associated to form

a colony. In a Volvox colony each cell is a balanced structural

and physiological unit capable of carrying on the necessary life

processes independently of the other cells of the colony, except that

certain cells may be specialized for reproduction.

In the higher multicellular plants and animals — all of which,

in the final analysis, are essentially colonies of cells— there is an

ever-increasing amount of cell specialization as we ascend in the

scale of development. Along with this has come a division of labor

between the cells, so that in these organisms the cells have become

both structurally and functionally specialized to such an extent

that they are capable of performing only certain of the life processes

which are necessary for the welfare of the organism as a whole.

Thus, for example, the functions of nutrition, irritability, move-

ment, and numerous others are carried out in these higher types of

organisms by groups of cells which are differentiated and adapted

for their own particular work.

A. Structure of Volvox

Volvox is large enough to be seen with the naked eye. It ap-

pears as a small, green, hollow sphere, the wall of which is com-

posed of some ten or twelve thousand microscopic, flagellated,

chlorophyll-bearing cells, together with a transparent, gelatinous,

intercellular material, the matrix. The latter is formed as a
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Figure 2

Three interesting types of flagellated organisms are here shown. There is,

first, the colonial form, Vohox, which appears under the microscope as a

greenish-colored sphere, slowly revolving by action of thousands of flagella.

Usually, as shown, immature asexual colonies, also in action, are to be seen

through the wall of the parent colony. The two unicellular Flagellates are

Eugkna and a closely related type, Peranema (lower left), which lacks chlo-

rophyll. In most cases the flagella are shown. Actually, however, owing to

their rapid vibration, they would not be seen in living cells.

35



36 MANUAL OF ANIMAL BIOLOGY

common secretion and serves apparently to hold the cells of the

colony together. (W. f. 30, A.)

The cells in a mature Volvox colony are of two kinds, the body,

or somatic cells, and the reproductive, or germ cells. There

are many more somatic than reproductive cells. Each somatic

cell of Volvox is comparable in its general plan of organization

with a single Euglena. However, it should be noted that each Vol-

vox cell possesses two flagella, instead of one as in Euglena, and

also that from each Volvox cell several cytoplasmic strands are

given off which run through the matrix and connect with similar

strands from the surrounding cells. Thus there is an anatomical

and physiological continuity between the cells of the colony.

(W. f. 30, B.)

Each of these bi-flagellated cells of Volvox is made up of ecto-

plasm and endoplasm, and contains a nucleus, contractile vacuole,

stigma, and numerous chloroplastids. The cells are similar in

structure to various other species of independent, flagellated

Protozoa which never form colonies. The structure of the repro-

ductive cells is noted below.

B. Life Processes of Volvox

1. Metabolic Processes

It has been emphasized that the somatic cells of Volvox are

balanced structural and functional units, each capable of perform-

ing the basic life processes independently. These metabolic

activities are performed essentially as in Euglena, which we have

considered in the previous chapter. On the whole, Volvox is even

more plant-like in its nutrition than Euglena, for it is exclusively

holophytic.

The somatic cells of Volvox are responsible not alone for supply-

ing food for their own individual needs, but also for certain needs

of the colony as a whole ; such as the formation and upkeep of

the intercellular matrix and the nourishment of the reproductive

cells of the colony, both of which are to be regarded as the property

of the entire colony. On the other hand the function of repro-

duction in each colony is assigned to cells specialized for that pur-

pose. Thus we have here a beginning of a division of labor between

different types of cells, a condition which becomes more and more

marked in the ascending scale of animal development.
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2. Reproduction

The Volvox colonies reproduce either asexually or sexually. In

both cases the process takes place by means of specialized cells

which have become physiologically and structurally differentiated

for the purpose of reproduction. Such cells lack flagella and, as

will be seen, are otherwise structurally modified.

In asexual reproduction, certain large cells without flagella

(parthenogonidia) begin to divide. The cells thus formed re-

main attached to each other and, as a result, very soon a new

colony is formed. During the early stages of formation, the new

group occupies a place in the wall of the original mother colony.

But, as more and more cells are formed, it moves away from the

wall into the central cavity of the mother colony, where, together

with several other similar groups, it continues to grow by cell

division. Finally, the wall of the parent colony is ruptured,

thus permitting the new asexually-formed colonies to escape and

to take up their independent existence. They have the same

structure as the mother colony except that, for a time, they are not

composed of so large a number of cells.

In the sexual reproduction of Volvox a considerable number of

large germ cells, without flagella, are formed among the typical

somatic cells. These germ cells gradually differentiate into either

the male gametes, or sperm, or the female gametes, or eggs. The

sperm of Volvox are formed by the repeated division of certain

of the germ cells. Thus a plate-like body, composed approximately

of 128 sperm cells, is formed from each germ cell of this type.

When mature, these male elements separate and escape into the

water. As is typically the condition in all organisms, the sperm

of Volvox are free-swimming, and thus they are enabled to come

into contact with the egg, which is inactive. (W. f. 30, A $ , 9 .)

In the formation of the eggs, the potential female gametes in-

crease in size but do not divide, and so each forms a large egg cell,

with which later a sperm cell fuses permanently, thus bringing

about a permanent union of the nuclear material of the two gam-

etes. This is known as fertilization, and it constitutes the

culmination and the fundamental feature of sexual reproduction

in all organisms. In Volvox, the sexual reproduction generally

occurs in the fall, and the zygotes, which are formed from the

fusion of the male and female gametes, secrete a protective covering
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which enables them to withstand the lower temperatures of the

winter season. In the following spring, when the water warms up,

the zygote begins to divide and soon develops into a typical Volvox

colony. It appears, therefore, that the sexual method of reproduc-

tion, with the consequent zygote formation, enables the organism

to survive unfavorable environmental conditions.

TEXTBOOK BEFERENCES

Woodruff, pp. 57-61.

Curtis and Guthrie, pp. 195-201.

Guyer, pp. 191 ; 333-338 ; 663.

Hegner, pp. 44-45 ; 72-86.

Newman, pp. 81-89 ; 146-152.

Shull, pp. 70-79 ; 147-148.

GENEBAL BEFEBENCES

Calkins. Biology of the Protozoa (Lea and Febiger).

Hartog. " Protozoa," in the Cambridge Natural History (Macmillan).

Kudo. Handbook of Protozoology (Thomas).

Parker and Haswell. Textbook of Zoology (Macmillan).



V. PARAMECIUM

Paramecium is a widely distributed representative of a very

highly specialized class of Protozoa, known as the Infusoria. Va-

rious species of Paramecium are commonly found in fresh-water

puddles and ponds, in almost all regions of the world. The great

majority of Infusoria are free-swimming forms possessing cilia

which, as previously noted, furnish a very efficient method of

locomotion. Paramecium shows a much greater specialization of

the different parts of the cell than does either Amoeba or Euglena.

Thus, we find that within the limits of the single microscopic cell,

which constitutes the body of this animal, special structures are

provided for carrying on various essential activities, such as nutri-

tion, excretion, reproduction, locomotion, and defense. Parame-
cium, therefore, provides an excellent example of the high degree

of structural differentiation which may be attained in a unicellular

animal.

A. Structure of Paramecium

When a drop of water containing Paramecia is examined with

the naked eye, it will be found with careful observation that the

animals can just barely be seen as tiny, rapidly moving bodies.

A microscopic study shows that Paramecium, when viewed as a

flat surface, has somewhat the shape of a shoe sole, and on this

account it is often referred to as the 'slipper animalcule.' When
a transverse section through the animal is studied, it is found to

be nearly circular in outline. In swimming it will be noted, con-

trary to what might be expected, that the animal normally moves
with the more blunt end pointed forward. This end is regarded

as the anterior end of the body, and the opposite, more pointed

extremity as the posterior end. (B. f. 3.)

Beginning at the blunt anterior end, and continuing posteriorly

to a point slightly back of the middle of the body, is a depression,

known as the peristome, which gives the animal an asymmetrical

appearance. It becomes deeper as it passes posteriorly, and
finally ends in a definite tube, the gullet, which lies quite deep in
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the cytoplasm. The surface of the animal, including the peristome,

is uniformly covered with fine, hair-like filaments, the cilia, which

continually beat in the water in a coordinated manner and thus

enable the animal to swim in a rapid, vigorous fashion. Some of

them also aid in securing food by driving a current of water along

the peristome toward the gullet. (W. f. 27.)

Enclosing the ectoplasm of Paramecium is a thin, secreted cell

wall, or pellicle, which shows very fine regular markings, or stria-

tions, on the surface. Innumerable fine strands of ectoplasm pro-

ject through the pellicle. These constitute the cilia which form a

uniform covering over the surface of the animal. The pellicle of

Paramecium is much more rigid than that of Euglena, so that

normally the animal maintains a definite shape. However, when
an individual is pressed against pieces of debris or is under the

influence of various other environmental conditions, a considerable

variation in shape takes place.

Embedded in the ectoplasm is a single layer of highly differen-

tiated, flask-shaped bodies, known as the trichocysts. They lie

with their long axes perpendicular to the surface of the ectoplasm.

The base of the structure is toward the interior of the animal,

and the other end opens through the ectoplasm to the exterior.

These trichocysts are filled with a fluid which hardens and becomes

thread-like when it is expelled into the water. The discharge of

the trichocysts can be brought about experimentally by adding

a little dilute acid to the culture medium and thus irritating the

Paramecia. In some species of Protozoa it has been found that

the trichocysts have a paralyzing effect upon other living organ-

isms, and they are therefore regarded as weapons useful either

in the capture of other animals for food or in the repelling of at-

tacks by enemies. In Paramecium, however, the function of these

bodies seems to be essentially defensive.

The endoplasm of Paramecium is, as has been found to be the

case in other forms, somewhat less viscous than the ectoplasm.

It also contains many granules of various sizes, some of which

are constituent parts of the cytoplasm, while others are merely

temporary metaplasmic particles. The endoplasm also contains

numerous gastric vacuoles and a characteristic nuclear appa-

ratus composed of a large macronucleus and one or two small

micronuclei, 1 the latter lying on or near the macronucleus.

1 W. p. 54, footnote.



Figure 3

This drawing, which was made from life, depicts Paramecium and Vorti-

cella as seen under normal living conditions, at a magnification of about 300

diameters. In the foreground, two Paramecia are seen swimming near a por-

tion of the stem and leaf of the green, water-living plant, Elodea (p. 12).

In the upper right a carnivorous Ciliate, Didinium, is seen attacking a Para-

mecium, and to left a pair of conjugating Paramecia is shown. Attached to

the Elodea leaf are numerous specimens of the ' bell-animalcule ' Vorticella,

in various stages of contraction as described in the following chapter.
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Lying between the ectoplasm and endoplasm are two con-

tractile vacuoles, one near each end of the animal. Each con-

tractile vacuole consists of a large central spherical vacuole and a

number of radiating canals which open into it ; the whole forming

a star-shaped structure.

B. Life Processes of Paramecium

1. Nutrition

Paramecium exhibits a typical holozoic type of nutrition. The

food consists for the most part of various kinds of Bacteria to-

gether with a number of species of tiny Flagellates, all of which

are obtained from the surrounding fluid medium. The cilia lining

the peristome play an important role in capturing the food. The

coordinated beat of these cilia is so directed as to cause a continuous

current of water, containing the food materials, to sweep down

to the posterior end of the peristome. Here the particles pass

through the mouth opening into the tubular gullet. The particles

of food collect at the posterior end of the gullet and form a gastric

vacuole in the endoplasm which, when it has attained a certain

size as a result of the continued increase in the number of captured

food particles, is detached from the end of the gullet. This

apparently takes place as the result of a contraction of the sur-

rounding endoplasm. As soon as one gastric vacuole is detached

from the end of the gullet another one at once begins to form in the

same place.

The fully formed and detached gastric vacuole, as a result of

the continual streaming movement, or cyclosis, of the endoplasm,

is moved in a definite path through the body. It is first carried

backward with the endoplasmic current and almost reaches the

posterior end of the animal. It is then carried forward along the

dorsal surface to the anterior end of the body, where the proto-

plasmic motion is again reversed, and the gastric vacuole passes

first ventrally and then posteriorly toward a definite anal spot

which is situated on the ventral surface of the body, near the

posterior end. Emphasis should be laid upon the fact that this

process of cyclosis, which results in a definite orderly movement

of the gastric vacuoles through the endoplasm of Paramecium, is

due to a streaming of the endoplasm, the food vacuoles playing

an entirely passive role.
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During this movement of the gastric vacuoles, the process of

digestion of the food material takes place. The results of experi-

mental studies show that the chemical actions, which take place

in the digestion of food in the gastric vacuoles of Paramecium and

in many other Protozoa, are fundamentally the same as take

place in the digestion of food in higher forms of animal life. In

all cases the food is acted on by the secreted enzymes which render

it soluble and capable of being assimilated by the protoplasm.

Paramecium does not show a definite selection of food as was

noted in Amoeba. Almost any minute particle, whether it be

food or not, which comes in the range of the current of water

caused by the beat of the cilia in the peristome, may be carried

along and deposited in a food vacuole. This can be well-illustrated

by adding a small amount of an indigestible substance, such as

powdered carmine or other finely ground material, to the fluid

which contains Paramecia. A microscopic study of such a prep-

aration shows that the indigestible carmine particles are collected

to form gastric vacuoles in just the same way as are food particles.

The carmine-filled gastric vacuoles are also detached from the end

of the gullet and carried in the normal way through the endoplasm,

finally ending at the anal spot, through which the indigestible

carmine particles are egested.

2. Respiration and Excretion

The basic features of respiration (income of oxygen and outgo of

carbon dioxide) and excretion (the elimination of metabolic wastes

from the cell) are common to every living cell of every type of

organism. Also in the unicellular animals, the mechanisms neces-

sary for performing these functions are much the same. Thus the

same methods are used in Paramecium as in Amoeba, which are

the excretion of liquid wastes through the contractile vacuole

apparatus and the interchange of gases at the surface of the body,

and probably also to some extent by means of the contractile

vacuoles.

The two contractile vacuoles in Paramecium maintain practi-

cally constant positions, one near the anterior end and the other

near the posterior end of the body. The liquid wastes first collect

in the radiating canals which surround each contractile vacuole

and then pass from the former into the central cavity, from which

they are expelled to the exterior later by the contraction of the
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surrounding endoplasm. The two vacuoles, as a rule, contract

alternately.

3. Reproduction

In Paramecium, just as in the other unicellular forms previously

noted, reproduction occurs by binary fission, that is, by the mitotic

division of the cell into two daughter cells. Paramecium and most

other ciliated forms divide transversely, whereas in Euglena and
other Flagellates it will be remembered that the division is longi-

tudinal. (W. f. 28.)

During the process of cell division, which has been very com-

pletely studied in Paramecium, there is, first, a division of the

micronucleus into two equal parts. Then the macronucleus, hav-

ing elongated somewhat, also divides into halves. Following this,

the cytoplasm in the center of the animal begins to constrict trans-

versely. The constriction continues to deepen, and in the course

of an hour or so, the animal is completely divided into two daughter

cells, each of which, although at first only one-half the normal size,

nevertheless contains the normal nuclear structure and most of the

other characteristic features. Structural modifications are occur-

ring synchronously with the division of the nuclei and the cell

body, so that when the two halves separate, the animal formed

from the anterior half has a newly formed posterior end, and the

animal resulting from the posterior half has a newly formed

anterior end with the various specialized structures, such as the

peristome and contractile vacuole. This process of cell division

normally may take place two or three times within twenty-four

hours.

The life history of Paramecium, however, is not so simple as

might be thought from the above description of reproduction by
binary fission, for it has been shown that after reproduction has

gone on for a considerable number of generations in this man-
ner, a reorganization of the cytoplasmic and nuclear material

typically occurs. It is probable that this protoplasmic reorgani-

zation can take place either by endomixis or by conjugation.

Endomixis. If Paramecia are kept under certain culture condi-

tions in which they can be observed day by day, it will be found
that a lowering of the division, or reproduction, rate occurs at

quite regular intervals. This reduction is apparently independent
of the food or of other environmental conditions. In other words,
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although there is plenty of food, the animals are not able to repro-

duce as rapidly as usual, due, supposedly, to some internal fac-

tor or factors. A depression of this type is the external evidence of

the beginning of a periodic process of intracellular reorganization

and adjustment between the cytoplasm and nuclear material in

each animal, known as endomixis.

The details of the process of endomixis in the species known as

Paramecium aurelia, which normally has two micronuclei, may be

outlined as follows

:

(1) Each of the micronuclei divides twice to form a total of

eight micronuclei. (W. f. 171, A, B, C.)

(2) The macronucleus fragments and finally is completely

broken down and dissolved in the cytoplasm. (W. f. 171, B.)

(3) Six out of eight of the newly formed micronuclei degenerate.

(W. f. 171, D.)

(4) The cell divides, and one micronucleus goes to each daughter

cell. (W. f. 171, D, E.)

(5) The micronucleus in each cell divides twice to form four

nuclei, two of which become macronuclei and two become micronu-

clei. (W. f. 171, F, G.)

(6) Each of the two cells now divides, thus giving four normal

cells. (W. f. 171, /, J.)

From the above description, it can be seen that the process of

endomixis brings about a complete, periodic reorganization of the

entire nuclear apparatus of an animal and a new adjustment

between cytoplasm and nucleus. When the process has been

completed, the normal rate of division, which has been temporarily

depressed, is again established, and the animal — if the environ-

mental conditions are suitable — can grow and reproduce by

binary fission with the normal rapidity for some weeks until the

onset of the next endomictic period.

Conjugation. Considering next the process of conjugation,

which is of very general occurrence among the Protozoa, it should

be emphasized that, while it is a process of nuclear and cytoplasmic

reorganization, it also involves, first, an interchange of nuclear

material between two animals and, second, the permanent fusion

(fertilization) in each animal of the nuclear material received

with a portion of the nuclear material already there to form a

composite nucleus, or synkaryon.

The first step in the process of conjugation in Paramecium is
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the meeting and temporary fusion of two animals. This occurs in

such a way as to involve a considerable portion of the oral surfaces.

Thus a temporary protoplasmic bridge is formed between the ani-

mals. Coincident with this external fusion, as shown in figure 3, a

series of nuclear reorganization phenomena begins in each animal

which are of the same general character as in endomixis, and which

in Paramecium aurelia may be outlined as follows

:

(1) The two micronuclei in each animal become somewhat
enlarged, and two mitotic divisions occur, resulting in the forma-

tion of eight micronuclei in each animal. The macronucleus de-

generates and entirely disappears. (W. f. 170, A, B, C.)

(2) Seven of the eight newly formed micronuclei in each animal

degenerate and the remaining one divides again to form two bodies,

termed gametic nuclei. (W. f. 170, D, E, F.)

(3) One of the nuclei (stationary gametic nucleus) remains

in the animal where it was formed, but the other (migratory
gametic nucleus) moves across the protoplasmic bridge into the

other animal, where it permanently fuses (fertilization) with the

stationary gametic nucleus there present to form the synkaryon.

(W. f. 170, F, G, H.)

(4) The exchange of nuclear material having been effected, the

two animals separate. In each exconjugant the new nuclear ap-

paratus is then built up by the division and differentiation of the

synkaryon. It divides twice in each exconjugant to form four

micronuclei, two of which remain as micronuclei and two enlarge

to form macronuclei. The two micronuclei in each exconjugant

then divide. This is followed by the division of each exconjugant

into two normal cells, each with a macronucleus and two micro-

nuclei. A period of reproduction by the regular process of cell

division now follows. (W. f. 170, /, J, K, L.)

4. Adaptation

The fact that Paramecium, because of its highly coordinated,

ciliary locomotor apparatus, is able to move in any direction with

considerable rapidity, makes it a valuable animal for studying its

reaction or 'motor response' to various kinds of external stimuli.

The latter may be caused by various changes in the environment

as a result of the action of chemical, electrical, photic, or

thermal phenomena. If, for example, a drop of some unfavorable

fluid is added to the culture medium containing Paramecia, when
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the animals come into contact with it, they will give a character-

istic 'avoiding reaction.' In such a case an animal first backs

off a little way from the unsuitable region, changes the course

of direction somewhat, and then moves forward in an endeavor to

avoid the source of irritation. If the direction taken accomplishes

this, then the animal will continue its course ahead until some other

external factor intervenes to bring about a change of direction. If

the direction taken again brings the animal into contact with the

unfavorable medium, the avoiding reaction is again given, and

another course is tried. (W. f. 225.)

In locomotion, the cilia covering the body of the animal exhibit

a beautifully coordinated, beating movement. Their action usu-

ally drives the animal forward, but by a reversal of the ciliary

action, the animal is able to move backward with equal rapidity.

It is obvious, of course, that the movements of all the cilia must
be in unison if a definite progression of the animal is to be obtained.

It is an interesting problem to determine how the beats of almost

innumerable cilia can be controlled in such a way as to bring uni-

formity of action, or how the action of all the cilia can be reversed

suddenly, and the animal thereby driven in the opposite direction.

It would seem as if there must of necessity be some sort of com-
plicated controlling mechanism to bring about such coordination,

and, as a matter of fact, evidence has recently been found in several

species of Ciliates, including Paramecium, which indicates that a

coordinating 'neuromotor' apparatus of differentiated cytoplasm

is present. Presumably this apparatus functions somewhat like

the nervous system in the higher forms of animals. (W. f. 135.)
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VI. VORTICELLA

Vorticella is another interesting example of a ciliated, uni-

cellular animal belonging to the Infusoria. It exhibits a number of

important structural features some of which are quite different from

those in Paramecium. Thus the cilia, instead of forming a uniform

covering, are, in general, restricted to a definite anterior region

where they function in the capture of food particles. Vorticella

has a distinctive bell-shaped body and is often referred to as the

'bell-animalcule.' It is usually found attached to some solid ma-

terial in the water. This attachment is by a long contractile

stalk. Our interest in Vorticella lies chiefly in the unusually high

development of its various structural features as is shown, for ex-

ample, by the presence of definite contractile fibers in the stalk

which are suggestive of the specialized contractile elements, the

muscle tissue, of the higher animals. Another point of interest is

the development, in closely related species, of colonial types with

several functionally independent individuals attached to a common
stalk— a condition essentially similar to that already noted in

Volvox.

A. Structure of Vorticella

Projecting from the large, flaring bottom (peristome) of the

bell-shaped body is a circular structure, the disc. The edge of the

disc (epistome) is in close contact with the peristome around most

of its circumference. At one point, however, the epistome and

peristome are separated, and a considerable space is left between

them, which is known as the vestirule. In this vestibule, the

food particles are first collected and then passed from it through

a mouth opening into the gullet. The comparatively long, con-

tractile stalk, which continues from the apex of the body, is an

extraordinary bit of protoplasm, as will be seen from the descrip-

tion given below. (W. f. 18, C.)

The body of Vorticella is made up of an outer layer of ectoplasm

and an inner portion of endoplasm. There is a comparatively

heavy secreted pellicle which encloses the entire body and stalk
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of the animal. The ectoplasm also continues throughout the

length of the stalk. It should be noted that it is in the ectoplasm

that the specialized contractile fibers, or myonemes, are formed.

The endoplasm of Vorticella, as in other protozoan forms, makes
up the greater portion of the animal's body, but it does not con-

tinue into the stalk. In the endoplasm are numerous gastric vacu-

oles, a large U-shaped macronucleus, and a small micronucleus.

There is usually a single, large contractile vacuole.

Stalk and Axial Filament. In the center of the stalk and
running its entire length is a noteworthy structure, the axial

filament. This is the definite contractile element and consists

of a great number of fine, individual fibers, the myonemes, that

arise in the ectoplasm of the bell and converge to form the axial

filament in the stalk. The myonemes are of interest because they

represent the lowest type of differentiated contractile fibers which

may be compared in their function to the contractile muscular

elements of higher animals. (B. f. 3.)

When the axial filament of the stalk is contracted, it looks like

a tightly wound spiral spring, and all degrees of contraction can

be observed between this condition and a nearly straight rod.

When a contraction of the axial filament occurs, the myonemes
in the wall of the bell usually also contract, and this brings about

a contraction of the flaring peristome and the disc of the cell body.

As a result, the bell-shape is temporarily modified, and the body
of the animal becomes almost spherical. A number of such indi-

viduals are shown on the under surface of the leaf in figure 3.

Cilia. The cilia do not form a uniform coating over the outer

surface as in Paramecium, but are restricted in the attached, or

sessile, animals to the edges of the peristome and epistome, and to

the vestibular space where they are differentiated to form a vibrat-

ing, or undulating membrane. The chief function of the cilia in

Vorticella is to create a water current which will sweep food

particles into the vestibule and thence through the mouth into the

gullet. The waste products of the animal are also removed from

the vestibule by ciliary currents.

The discussion of Vorticella, so far, has been confined to the

sessile animals with stalks. But as a result either of unfavorable

environmental conditions or of cell division, free-swimming ani-

mals, without stalks, may be found occasionally. In such cases

an additional band of cilia specialized for locomotion is developed.
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This band encircles the body near where the stalk is normally

attached, and the stalkless animal is able to swim freely through

the water. This is a temporary condition, however, and when a

suitable environment is found a new stalk is developed, and the

locomotor cilia are lost.

B. Life Processes of Vorticella

1. Nutrition

The nutrition of Vorticella is holozoic and essentially the same
as that of Paramecium. The food particles, consisting largely of

Bacteria which are swept into the vestibule and through the

mouth, are collected at the base of the gullet in a gastric vacuole.

As in Paramecium, there is a definite cyclosis of the endoplasm,

as the result of which the gastric vacuoles are carried along in a

regular path through the endoplasm. The indigestible refuse is

egested through a definite anal spot which opens into the vestibule.

Carmine particles can be used with Vorticella just as with Parame-

cium to show various features of the process.

2. Respiration and Excretion

The intake of oxygen and the excretion of liquid and gaseous

wastes, resulting from the katabolic processes in the organism, are

also similar to Paramecium. There is a single large contractile

vacuole which expels the body wastes to the exterior through

an opening into the vestibule. Respiration also occurs over the

entire surface of the cell body.

3. Reproduction

In Vorticella, asexual reproduction by binary fission takes place

very frequently if conditions are favorable. Three or four divi-

sions a day are not uncommon, so that, from a single animal, six-

teen or even more typical individuals may be formed within

twenty-four hours. In dividing, the micronucleus is the fust to

act, then the macronucleus, and, finally, the cell body. The split-

ting of the cell body begins in the region of the peristome and pro-

ceeds toward the apex of the bell where the stalk is attached. For

a short time after the body has completely divided, two small but

complete individuals may be attached to a single stalk. Shortly

afterwards, however, one animal develops a temporary band of
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locomotor cilia, as mentioned above, and breaks away from the

stalk as a free-swimming individual. It soon settles down, de-

velops a new stalk, and, when it has grown to normal size, may

reproduce again.

Conjugation. The process of conjugation in Vorticella is some-

what different from that noted in Paramecium, in which two indi-

viduals of the same size (isogamous) fuse temporarily for the

purpose of interchanging nuclear material, and then separate. In

Vorticella there is a permanent fusion of a small, specialized free-

swimming individual, the 'microgamete,' with a normal-sized,

attached individual, the 'macrogamete.' This process is known

as anisogamous conjugation. We may regard the two types as

constituting the male and female elements respectively. The

main features of conjugation in Vorticella are as follows

:

(1) The 'female macrogamete' is, to all appearances, a typical

Vorticella.

(2) The 'male microgamete' is a small atypical cell without a

stalk. It is formed by the rapid division of an apparently typical

Vorticella into four small cells, all of which quickly separate and

swim away to seek a macrogamete.

(3) When a microgamete comes into contact with a macro-

gamete, it fuses with it permanently. The place of attachment

is generally at the apex near where the stalk is attached. Fertiliza-

tion with synkaryon formation occurs through the fusion of the

nuclear material of the microgamete and of the macrogamete.

Thus the essential features of the nuclear changes in the conjuga-

tion of Vorticella agree with those of Paramecium.

4. Adaptation

It has been noted above that free-swimming, stalkless Vorti-

cellae, which bear an additional band of cilia for locomotion, are

occasionally found. These individuals are regularly formed at the

time of reproduction, but it is known that they may also occur

when the environmental conditions become unsuitable. Appar-

ently the development of such free-swimming individuals is to be

regarded as an adaptive measure by means of which the possi-

bility of finding better living conditions is supplied.
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VII. GRANTIA

In our previous consideration of Volvox it was noted that each

of the somatic cells of the organism " is a balanced structural and

physiological unit capable of carrying on the essential life processes

independently of the other cells of the colony." A structural and

physiological differentiation of the cellular units, save for reproduc-

tion, was not apparent. A somewhat different and more advanced

condition with regard to the cellular units is to be found in Grantia,

which may now be indicated.

Grantia is a marine animal of low development which belongs to

the phylum Porifera, or Sponges, as they are more commonly called.

This group is generally regarded as constituting the most primitive

group of the true Metazoa, that is, multicellular animals in which

the numerous constituent cells of the mature organism are not all

alike, as in Volvox, but, on the other hand, are structurally and

functionally differentiated, so as to perform certain definite activi-

ties for the benefit of the organism as a whole. The differentia-

tion of the cells in Sponges is very meager as compared with that

present among the cells of the higher Metazoa, such, for example,

as a Frog, but it is sufficient to mark the separation from the multi-

cellular protozoan types, noted in Volvox.

The Sponges as a group are characterized by the presence of

peculiar secreted spicules in the body wall, which constitute the

essential skeletogenous, or supporting, elements. In Grantia these

skeletal elements are calcareous in their nature, but in other

species of Sponges they may be composed of silica or of a character-

istic organic material, known as spongin, which gives the bath

sponge of commerce its valuable qualities.

A. Structure of Grantia

Grantia is a small, vase-shaped animal measuring about five-

eighths of an inch in length and one-fourth of an inch in diameter

through the largest part of the body, which is near the center. The

base, or closed end of the ' vase,' is normally attached to a solid, sub-

merged object, such as a piece of wood or stone, lying some distance
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Figure 4

This Bahama Reef habitat group was adapted, by kind permission, from an

exhibit in the American Museum of Natural History in New York. It gives

striking evidence of the abundance and variety of marine life. Forming the

base of the group is a living Bath Sponge (Euspongia), and to the back and left

several vase-shaped Sponges of the genus Spinosella are seen. Three Corals

are shown ; the Brain Coral (Meandra) with an Echinoderm, the Brittle Star

(Ophiura), crawling along the side; to the right and back, Millepora extends

toward the top of the figure ; and the calcareous Bush Coral (Oculina) in the

left foreground. The beautifully marked tropical fish is Chaelodon.
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under the surface of the water. The top of the vase has a tiny

circular opening, or osculum, through which there is a continuous

flow of water outward from the central gastral cavity. The
latter extends practically the entire length of the animal's body.

The general body plan can, perhaps, best be seen in a longitudinal

section passing through the entire length of the animal from base to

osculum and thus dividing it into halves. Such a section will

reveal a comparatively thick body wall enclosing the gastral

cavity. (W. f. 35, C.)

The outer surface of the body wall appears fairly smooth and

continuous when examined with the naked eye. However, when
microscopically examined under the proper conditions it will be

found to be perforated with thousands of tiny openings, or ostia,

which lead into the horizontal incurrent canals. The walls

of the incurrent canals contain pores (prosopyles) which connect

with flagellated radial canals. The latter lie parallel to the

incurrent canals and open into the central gastral cavity but do

not extend entirely to the outer body surface. During life there is

a continuous flow of water through the incurrent canals, prosopyles,

and radial canals, then into the gastral cavity, and, finally, to the

exterior through the osculum. This flow of water in Grantia is

brought about by the action of the flagellated collar cells, or

choanocytes, lining the radial canals and is essential to its life

processes, as will be noted in the later discussion. (W. fs. 35, B ;

36, B.)

A study of the early development of Grantia discloses the fact

that the body wall consists primarily of three layers, the cellular

elements of which reveal considerable structural and functional

differentiation. There is, first, an outer dermal region which

covers the surface of the body. It contains the incurrent canals,

and we may regard these as arising through a series of parallel

infoldings of the outer dermal layer. Second, there is an inner

gastral region which forms the lining of the gastral cavity. It

contains the radial canals, and we may regard these as arising

through a series of parallel outfoldings of the inner gastral layer.

Finally, there is the so-called middle region which is composed

of a jelly-like matrix containing amoeboid cells in abundance. It

lies between the dermal and gastral layers and thus separates the

incurrent and radial canals, and is perforated by the prosopyles

which, as noted above, connect these two systems of canals.
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Altogether there are some thirteen different types of cells present

in the three layers of this sponge, all of which perform essential

functions in the economy of the organism. Summarizing the

duties of the various types of cells, it may be said that those of the

dermal region are largely concerned with the protection and the

support of the body tissues through the formation of the covering

and skeletal elements. The middle region contains the amoeboid

cells which are concerned with the transportation of nutritive ma-

terials and reproduction, while the gastral region contains cells of

only one type, the collared, flagellated choanocytes, which are

chiefly nutritive in function.

B. Life Processes

From the preceding description of the chief structural features

of Grantia, it is evident that, in general, the cells are structurally

modified and variously adapted for the particular needs of the

animal. In agreement with the structural modifications, the cells

are also functionally specialized in certain instances, as, for ex-

ample, in the case of those forming the supporting elements, to

such an extent that they are incapable of performing all the life

processes necessary for the maintenance of the organism as a whole

as are the balanced, independent cells of a multicellular protozoon

like Volvox. In Grantia, as elsewhere, cell specialization is in-

evitably associated with a division of labor between the dif-

ferentiated cellular groups, each of which is concerned with a

certain function or functions necessary for the existence of the

complete organism. Such a condition makes it necessary that

each cell group share in the benefits derived from the activities

of all the other specialized cell groups.

1. Nutrition

Grantia as a holozoic organism is dependent for its food supply

upon organic substances in a solid form. These it finds in a very

finely divided condition in the water current which, as has been

noted, is continually flowing through the gastral cavity of the

organism. It will be recalled that this flow of water is due to the

coordinated actions of the flagella of the choanocytes which line

the radial canals of this organism.

But these choanocytes have not merely a mechanical function in

nutrition, they are also the agents for the ingestion and digestion
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of the food particles. These functions they perform in essentially

the same manner as do protozoan cells ; that is, the food is actually

engulfed, or ingested, and the process of digestion takes place

within the body of each individual cell. This constitutes intra-

cellular digestion and is to be differentiated from intercellu-

lar digestion present in the higher types of Metazoa in which

certain of the cells lining the digestive tract secrete the digestive

fluids, or enzymes, into a common cavity where the food is di-

gested, and from which it is later absorbed for distribution among

all the cells of the organism (pp. 85-87).

Thus we have the choanocytes of Grantia securing the nutritive

materials for the entire organism. It may be asked at this point

as to how the other cells of the organism secure the necessary supply

of the food captured and digested by the choanocytes. It is known

that the excess of nutrient materials is given up by the choanocytes

for general distribution. It appears to be a function of the amoe-

boid wandering cells of the middle layer to receive and transport

these substances to the various other types of cells.

2. Respiration and Excretion

There are no specialized cells in Grantia for the performance

of the respiratory and excretory functions of the entire organism.

Accordingly each cell is responsible for the performance of these

necessary cellular functions. However, the more favorable posi-

tion of the cells of dermal and gastral regions, with respect to

the surrounding oxygen-containing water, as compared with the

enclosed cells of the middle region, indicates that the latter cells

pick up their oxygen from, and pass off their wastes through, the

dermal and gastral cells. Here again it is apparent that the cells

of Grantia are close to the protozoan level with respect to these

two functions.

3. Reproduction

Grantia may reproduce asexually by budding, or sexually by

the production of highly organized germ cells which have their

origin in the middle region of the body. In asexual reproduction,

rapidly dividing cells, apparently originating from all three layers

of the body, gradually form a small outgrowth, or bud, near the

base of the parent animal. The bud gradually enlarges and differ-

entiates to form the fully developed individual. Frequently it
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remains attached to the parent body, other buds develop, and thus

a colony of attached individuals arises.

In sexual reproduction, differentiated sex cells, both male and

female, arise in the middle layer of the same individual. It will

be remembered that an hermaphroditic condition of the same

nature as this was noted previously in Volvox, and other examples

will be found in the higher types noted later. The mature sex

cells, both eggs and sperm, are discharged into the water, and the

fertilization which ensues produces a zygote which divides and

gradually develops independently into the mature Grantia. In

certain fundamental features of embryonic development, Grantia

and the Sponges in general are unique. On this account it will

be well to defer a description of the metazoan development until

Hydra is considered in the next chapter.

4. Adaptation

It has previously been emphasized that protoplasm, wherever

found, is responsive to environmental stimuli — it is irritable

material — and this characteristic is responsible for the power of

adaptation which living organisms possess. Now although all

protoplasm is irritable it becomes necessary in the higher types of

animals to develop a special type of cell, the nerve cell, or neuron,

and to combine these into a complex nervous system which

functions for the reception of stimuli and for the inauguration of

the proper coordinated response. In the Sponges, this stage of

nerve cell development has not been attained, and so the stimuli

must be received directly by the various cells.
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VIII. HYDRA

Hydra is a widely-distributed, fresh-water animal that is par-

ticularly well-adapted for consideration at this time since it ex-

hibits a number of features which are important as a groundwork

for our later study of the much more complex animal types. Thus
the sac-like body plan of Hydra, with the enclosed common diges-

tive cavity into which the mouth opens, is in line with the condi-

tion found in the higher animal types and quite unlike the aberrant

condition previously noted in the Sponge in which a digestive

cavity of this type is entirely lacking. Hydra exhibits a marked

radial symmetry which may be regarded as the primitive, or

basic, type from which the two-sided, or bilateral, symmetry of

the higher types has arisen. On the whole, the differentiation of

groups of cells for various phases of structure and function is

probably more advanced in Hydra than in the Sponge. This is

particularly true with regard to the nerve cells, or neurons, which

really form a primitive nervous system in Hydra.

A. Structure of Hydra

In its general structure, Hydra may be compared to a tubular

sac, the closed, attached end of which is known as the foot, or

basal disc. At the opposite end of the tubular sac, known as the

hypostome, there is the mouth opening surrounded by several long,

flexible tentacles. The exact number of tentacles varies in the

different species of Hydra. The mouth opens directly into a single

large central cavity, known as the enteric cavity. The tentacles

are hollow structures also, and in each there is a central cavity

which is a continuation of the enteric cavity. The body of Hydra

is composed of a very large number of cells. These cells are clearly

divided into an outer layer, the ectoderm, which covers the entire

animal, and an inner layer, the endoderm, which lines the entire

enteric cavity even to the tips of the tentacles. Between the

ectoderm and endoderm there is a thin layer of transparent, non-

cellular material known as the mesogloea. (W. f. 57.)
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Figure 5

This drawing, which was made from a culture in the Osborn Zoological

Laboratory, Yale University, shows many Brown Hydra (Pelmatohydra) living

under normal conditions. They are attached to water plants or other con-

venient objects at almost every angle. Continual movement is noted. The
animals, searching for prey, extend their tentacles to great lengths and then

contract them, and the entire body also is contracted or expanded as the condi-

tions happen to require.
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Ectoderm. As will be noted in the succeeding paragraphs, there

are several kinds of ectoderm cells. However, by far the greatest

number of the ectoderm cells are known as the epithelio-muscular

cells which form the covering, or epithelium, of the body. As

indicated by their name, these epithelial cells also contain contrac-

tile elements located near their inner ends, which function in a

similar way to the muscle cells in the higher types of animals.

In the basal disc, some of the epithelio-muscular cells also secrete

a sticky fluid which enables the Hydra to attach itself to various

objects.

One end of the epithelio-muscular cells is typically somewhat

larger than the other, and these large ends, closely fitted together,

form the outer surface of the body. The inner portions of these

cells are generally not in close contact with each other, and

the spaces between often contain another type of ectodermal cell

known as the interstitial cells. Some of these interstitial cells

may become further differentiated into either cnidorlasts or into

specialized germ cells. The latter will be considered in the sec-

tion on reproduction.

The cnidoblasts, developed from the interstitial cells, become

highly specialized to form the defensive and offensive weapons of

Hydra, known as nematocysts, or stinging capsules. Except in

the region of the basal disc, they are scattered in considerable num-

bers over the entire surface of the body. They are present in the

greatest numbers on the tentacles, where they are consolidated to

form ' batteries of nematocysts' which may be easily seen as bands

encircling the tentacles. Occupying the center of this type of cell

is a remarkable structure, the nematocyst proper, which consists

essentially of a long, coiled, filamentous tube attached to a spine-

covered base. The tube contains a poisonous substance. A rather

rigid spine, the cnidocil, projects from the outer surface of these

cells into the water surrounding the animal. It is apparently

sensitive to contact.

Under the proper conditions, the nematocyst can be exploded.

When this occurs, the coiled, poisoned tube bursts through the

surface of the cnidoblast, uncoils with great rapidity and with suffi-

cient power to penetrate the tissues of various small animals with

which Hydra comes into contact. In such a case the attacked

animal, paralyzed by the action of the poison, is captured by the

tentacles of Hydra and conveyed to the mouth. In addition to the
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type of nematocysts just described, which paralyze the prey with a

poisonous substance, there is another smaller type which shows the

same general structure, but lacks the poison. The coiled, fila-

mentous tubes of this type of nematocyst curl around any small

projecting part of an animal which the Hydra is attempting to

capture, and in this way hold it firmly so that it can be conveyed to

the mouth.

In addition to the epithelio-muscular cells and interstitial cells,

there are also developed from the ectoderm a considerable number

of nerve cells which are scattered among the epithelio-muscular

cells, and are also found lying deeper in the endoderm layer. The

bodies of these neurons of Hydra have become somewhat modi-

fied in their structure from that of a typical cell in that each pos-

sesses processes which connect with other nerve cells and thus

form a widely distributed nerve net. The latter constitutes a

primitive type of nervous system equipped to receive stimuli

and to bring about the proper coordinated response of the various

parts of the body as in the higher animal forms.

Endoderm. The endoderm cells, which line the enteric cavity

and are responsible for the nutrition of the animal, show consider-

able variation from the ectoderm cells. Some of them are actually

able to take solid food particles within the cell body in typical

protozoan fashion, and digest them (intracellular digestion).

Other endoderm cells are able to secrete digestive enzymes into

the large enteric cavity which digest the food so that it may be

absorbed (intercellular digestion) . The latter method of digestion

is fundamentally the same as that which takes place in the ali-

mentary tract of all the higher animals.

The endoderm cells, which are specialized for intracellular diges-

tion, are somewhat larger than the epithelio-muscular cells of the

ectoderm. Projecting from many of these cells into the enteric

cavity are the flagella. Temporary projections of the cell, or pseu-

dopodia, which appear to be similar to those in Amoeba, are also

frequently formed. Both the flagella and pseudopodia apparently

aid the cells in securing food particles for intracellular digestion.

The internal structure of these cells varies somewhat, depending

upon the amount of food which is present in the cell undergoing

intracellular digestion. When plenty of food is present the cyto-

plasm contains a large number of gastric vacuoles. When food is

not abundant, the gastric vacuoles are reduced in number and
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large cavities appear in the cytoplasm. The glandular endo-

derm cells, which secrete the enzymes into the enteric cavity,

exhibit no noteworthy structural modifications from those found

in a typical animal cell. Interstitial cells are also found at the

bases of the endoderm cells, next to the mesogloea.

B. Life Processes

1. Nutrition

Hydra is chiefly a carnivorous animal, feeding upon a great

variety of small, aquatic animals. These are first paralyzed by

the nematocysts and then conveyed by the flexible, muscular

tentacles to the central mouth opening. The ectoderm cells of the

tentacles are able to secrete a sticky substance which aids in hold-

ing the captured prey. (B. f. 5.)

The food having been ingested, that is, passed through the mouth

into the enteric cavity, the process of digestion begins This may

be either intracellular or intercellular, as noted above. It is prob-

able that most of the food of Hydra is digested by the intercellular

method. Thus to the endoderm cells is entrusted the nutrition of

the entire Hydra, a condition which is typical of all the higher

animal types. In the larger and more highly developed forms of

animals a specialized transport tissue, the blood, is necessary in

order to carry the food absorbed from the alimentary canal to all

the other cells of the animal body. In Hydra, however, this is not

necessary, and the soluble food is passed along from cell to cell by

diffusion through the cell walls.

A certain proportion of the material ingested by a Hydra con-

sists of inorganic material which is not capable of being digested.

These indigestible substances are egested from the enteric cavity to

the exterior through the mouth opening. This is the only opening

into the digestive cavity of Hydra, and it serves as a common open-

ing for the ingestion of food and for the egestion of the refuse.

Symbiosis. Among the several species of Hydra, the green

colored species, Chlorohydra viridissima, is of particular interest

from the standpoint of nutrition because of the fact that many of

the endoderm cells of this species actually contain a great number

of tiny, green plant cells belonging to the unicellular Alga, Chlorella

vulgaris, which is closely related to Pleurococcus (p. 11). The

cells of this plant give this species of Hydra its green color.



HYDRA 63

The interesting fact is that, although these plant cells are actu-

ally living in the cells of Hydra, they do not cause any harm to

their host. On the contrary it appears that there is a mutual bene-

fit derived from the partnership. A condition of this kind in which

both organisms derive benefit from the association is known as

symbiosis, and is to be distinguished from parasitism, in which

one organism, the parasite, lives at the expense of another or-

ganism, the host. The benefit to the plant arises from the fact

that some of the metabolic wastes of the Hydra are just what are

needed for photosynthesis. On the other hand, as a result of the

photosynthesis, an excess of oxygen is liberated, and this the Hydra
secures for its own life processes. It is also probable that the

Hydra makes use of any surplus food which may be manufactured

by the plant cells. At any rate, experimental work has shown that,

by placing green Hydras in certain environments it is possible to

stop the food formation : the animals under such conditions be-

come white, and, although they are able to survive, they do not

show so great vitality as do other individuals in which the

symbiotic condition is maintained.

2. Respiration and Excretion

There are no specialized organs of excretion in Hydra. Each of

the cells apparently attends to the excretion of its own metabolic

wastes just as the protozoan cells do. Respiration is carried on

through the permeable cell walls and takes place both at the

surfaces of the ectoderm cells, which are in contact with the sur-

rounding water, and also at the surfaces of endoderm cells, which

are in contact with the fluids of the enteric cavity.

3. Reproduction

Reproduction in Hydra may take place either asexually or sexu-

ally. The common asexual method is known as budding, and, as

in Grantia, may often be observed in actively growing individ-

uals. Certain cells in the body wall, generally near the basal disc,

begin to divide rapidly and soon form a small swelling, which

projects from the ectoderm. This projection continues to increase

in size and soon shows a differentiation into the body proper and

into the tentacles which surround a central mouth opening, and

soon the bud resembles a small, attached Hydra. During the

formation of the bud, both the body wall and enteric cavity of
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the bud are continuous with the corresponding parts of the parent

Hydra. A section through it shows that the body wall is made

up of ectoderm, mesogloea, and endoderm surrounding a central

enteric cavity, just as is the body wall of the parent Hydra. When

the bud is fully developed the attachment with the parent Hydra

is broken, a basal disc is developed, and the new individual begins

an independent existence. (W. f. 57.)

In addition to asexual reproduction by budding it is also known

that Hydra may reproduce by fission — that is, by a division of

the entire animal into two individuals. The division is generally

along the longitudinal axis, beginning at the distal, or tentacle, end

of the animal and proceeding toward the foot. (W. f. 155.)

In connection with the asexual reproduction of Hydra, consid-

eration should be given to the remarkable power of regeneration

which this animal possesses. Regeneration may be defined as the

ability of an organism to replace, or regenerate, missing parts in

order to restore again the perfect whole. The power to regenerate

lost parts varies greatly in different kinds of animals, but, in gen-

eral, the ability exists in inverse ratio to the amount of cell spe-

cialization which is present. In other words, the higher the devel-

opment of an animal, the less is its power of regeneration. Hydra

is a comparatively simple type of Metazoon, and experiments on

this organism have shown that it can be cut into several pieces —
four or more and in many different planes, and each of these

pieces will regenerate the missing parts in a short time. Thus,

as a result of sectioning the animal and the power of regeneration

which the tissues possess, there will be several individuals where

previously there was only one. Regeneration in such cases really

results in the asexual reproduction of the Hydra. (W. f. 158.)

Sexual Reproduction. Under certain conditions which are

not known, some species of Hydra develop male and female

gonads, both of which are temporary structures. Thus, the same

individual may produce both sperm and eggs. In the higher ani-

mals, a single individual produces either sperm or eggs. An animal

which produces both sperm and eggs is known as an hermaphro-

dite, as previously noted. (W. f. 154. C.)

The male gonads, or testes, in which the sperm are formed,

develop as swellings in the ectoderm of the body wall, just below

the tentacles. The testis consists of an outer covering of ectoderm

cells which encloses a great number of the developing sperm cells.
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The latter arise, as has been noted, from the interstitial cells of

the ectoderm. By repeated divisions of the latter a very large

number of immature sperm cells are formed. These undergo

radical structural modifications, finally resulting in the formation

of mature, free-swimming sperm which break forth from the gonad.

They swim about freely in the water, and when one comes in

contact with a mature unfertilized egg, it penetrates the egg mem-
branes, thus permitting the permanent union of the male nucleus

with the female nucleus, that is, fertilization, to occur. (W. f.

57, B.)

The ovaries of Hydra also develop as swellings in the ectoderm

of the body wall, but these structures are located farther from the

tentacles than are the testes. The eggs which are formed in the

ovaries likewise develop from the interstitial cells. The process,

however, is different from that which takes place in the formation

of the sperm. In the first place there is usually only one egg formed

in an ovary, whereas there are enormous numbers of sperm formed

in a testis. In the early stages, an ovary of Hydra contains a

large number of potential egg cells which have developed from

the interstitial cells, but only one of these finally forms a mature

egg cell, while the others aid in its nourishment. Some of the sister

cells are actually engulfed by temporary pseudopodia which de-

velop on the egg cell, and the latter becomes very large as a result

of the nourishment supplied by the other cells. The egg, in its

general shape and structure, is quite like a typical cell and very

different from the atypical sperm cells. The large, mature egg

projects through the ectoderm of the Hydra, covered only by a

thin egg membrane, and there it awaits the sperm. It remains

attached to the ectoderm at this point for some time even after

» fertilization has occurred. During later development it breaks

away and becomes entirely free from the parent body. The
sperm and eggs of any one Hydra do not mature at the same time

and, therefore, the eggs are fertilized by sperm released from

another individual. (W. f. 57, B.)

The process of fertilization in the egg of Hydra furnishes not

only the method by which, as a result of the fusion of the chroma-

tin material, the characteristics from two parents may intermingle,

but also the stimulus for cell division. This is also true, in gen-

eral, for all living organisms, including Man. Each starts its

independent existence as a single egg cell which, when fertilized
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by a sperm, begins to divide by mitotic cell division, the process

being known as cleavage. As a result of cleavage, two cells, then

four, eight, sixteen, etc., are formed. These cells remain attached

to each other and, in Hydra, in a short time, when about 128 cells

are present, it is found that they are arranged in the form of a

hollow sphere, the wall of which is composed of a mosaic of cells

closely fitted together. This stage in the development of Hydra

or other forms is known as a blastula, and it is broadly compa-

rable with the permanent structure of Volvox, previously studied.

(W. fs. 30, 31.)

In the development of Hydra the blastula is only a transient

condition. The ectoderm cells, of which the wall of the blastula is

composed, continue to divide and soon a special group of very

active cells arises at one pole of the sphere. The latter are some-

what differentiated from the outer ectoderm cells, and they are

destined to form the inner layer, endoderm, which, as will be

remembered, lines the enteric cavity and is responsible for the

nutrition of the animal. The young Hydra, in this two-layered

condition, with outer ectoderm and inner endoderm, is known as a

gastrula. After gastrulation the embryo forms a thin inner mem-
brane and a thick, outer chitinous shell— both of which are prod-

ucts of the ectoderm cells — becomes free from the parent and

falls to the bottom of the pond. Later the embryo emerges from

the shell, develops tentacles, and the ectoderm and endoderm cells

become specialized as in the mature Hydra. Thus Hydra remains

essentially as a permanent gastrula made up of the two cellular

layers, ectoderm and endoderm, separated by the non-cellular

mesogloea.

Because of the fact that the body of Hydra and related forms is

composed of two cellular layers, the ectoderm and endoderm, it is

known as a diploblastic animal in contrast with the higher forms

of triploblastic animals, in which the body with the various

organs arises from three original cellular layers, ectoderm, endo-

derm, and mesoderm. In the triploblastic animals the very impor-

tant and highly specialized layer of mesoderm lies between the

ectoderm and endoderm. The ectoderm and endoderm of Hydra,

together with the mesoderm of the triploblastic animals, are called

the primary germ layers. In all forms of animals they arise very

early in development by a differentiation of the embryonic cells,

and it is by continued differentiation of the cells of these primary
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germ layers that all the tissues and organs of the animal body are

finally formed.

4. Adaptation

The simple nervous system which we have indicated in Hydra
represents a great forward step in animal adaptation. Through
this irritable and conductile tissue Hydra is able to receive ex-

ternal stimuli and to respond, or adapt, by the proper coordinated
actions. It is, of course, apparent that all the cells in an animal
must work together for the good of the organism as a whole or it

cannot survive. It is the nerve tissue which governs this, unifying

the various parts of an organism so that this indispensable con-

dition is attained. Take, for example, locomotion in Hydra.
This is brought about by means of a coordinated movement of

the muscular elements in various parts of the body under the

direction of the nerve cells. Locomotion takes place in several

different ways : first, the Hydra may move by a slow, creeping

movement in which the epithelio-muscular cells of the basal disc

alone are involved ; second, the Hydra may stand on its head,
so to speak, and move along by a coordinated movement of its

tentacles, or, finally, it may move like a ' measuring worm ' by
using both the basal disc and the tentacles. Whatever the type
of locomotion, the actions of all the cells concerned are under the

control of the nerve tissue, and the same is true for all the ac-

tivities of the animal.
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IX. OBELIA

Obelia is a marine animal and a typical representative of a

considerable number of species of Coelenterate animals which

exhibit the phenomenon of alternation of generations, or meta-

genesis, as this process is often called in animals. In Obelia, the

life history includes a stage in which the organism consists of a

colony of sessile, asexual individuals which are attached to a com-

mon stalk. This stage alternates with the medusa, or jellyfish,

stage in which only independent, free swimming, sexual individuals

occur. Among the various groups of Coelenterates wide varia-

tions in life history are found, ranging from a condition, as in

Hydra, in which no medusa stage is known, to that in the true

Jellyfishes, in which no adult stage comparable to Hydra occurs.

Another noteworthy feature of many species of Coelenterates

is the development of colonies of Hydra-like individuals as in

Obelia, but with the formation of great amounts of secreted cal-

careous material between the individuals in the colony. Such

is the case in the common Corals, several species of which are

shown on page 53.

A. Structure of the Asexual Stage of Obelia

The general appearance of the asexual colonial stage of this

animal is superficially plant-like. It consists of a colony of at-

tached individuals, termed polyps, which are connected by a com-

mon stalk. The stalk is differentiated into two portions. There

is, first, the part known as the hydrorhiza which is attached to

some convenient solid object in the water, and, second, the

branches, or hydrocauli, which arise from the hydrorhiza and

bear the polyps at their tips. Both of these portions of the

stalk are composed of an outer, transparent, exoskeletal sheath,

the perisarc, which is non-living, and an inner, living portion, the

coenosarc, which is continuous with the living material of the

polyps. (W. f. 37, A : B. f. 9.)

The polyps composing a typical, fully-developed colony are of

two kinds. There are, first, the nutritive polyps, or hydranths,
68
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each of which, from a structural standpoint, may be regarded as

comparable to an individual Hydra with a stalk attached, and, sec-

ond, the reproductive polyps, or gonangia, which have become

greatly modified for the purpose of asexual reproduction and are

dependent upon the nutritive polyps for their nutrition.

The body wall of a hydranth is composed, like that of Hydra, of

an outer layer of ectoderm and an inner layer of endoderm. Be-

tween these two layers there is a thin layer of the non-cellular

mesogloea. Tentacles are present and surround a central mouth
opening which leads into the enteric cavity. The living coenosarc,

which is continuous throughout the colony, has the same structure

as does the body wall of a polyp, and in fact it is to be regarded

as a continuation of the ectoderm and endoderm. In other words,

the bodies of the hydra-like polyps can be thought of as having

become differentiated into an anterior portion, the hydranths

proper, and a greatly elongated, posterior portion, the coenosarc.

Surrounding the entire colony is the non-living perisarc, formed

as a secretion by the ectoderm cells.

In a young colony of Obelia, all of the polyps are of the nutritive

type, but, as a colony gets older, the gonangia are formed, which

are specialized for the sole purpose of asexual reproduction. They
are club-shaped and consist of an outer covering (gonotheca)

which is a continuation of the perisarc, and an inner portion

(blastostyle) which is a continuation of the living coenosarc of

the stalk. On this central, club-shaped blastostyle, a number of

little swellings, the medusa buds, appear, each of which develops,

while still attached to the blastostyle, into a tiny jellyfish, or

medusa. When fully formed, the medusae become detached from

the blastostyle, float out through an opening in the distal end of

the gonotheca, and begin an independent existence.

B. Structure of the Sexual Stage of Obelia

The sexual medusae of Obelia are very small, and resemble, in

shape, a flattened dome or umbrella. The outer convex surface is

called the ex-umbrella, or aboral, surface. Attached to the edge of

the umbrella-shaped body are numerous tentacles. The under,

concave surface of the body is called the sub-umbrella, or oral,

surface. The opening on the oral surface is partly closed by a

circular, perforated membrane, the velum, which is attached near

the base of the tentacles. (W. f. 37, B, C; 38, B.)
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Suspended from the center of the oral surface is the manubrium,

which ends in a wide-lipped mouth. The lips are known as the

oral lobes. The manubrium, near its attachment to the oral

surface of the body, merges into four radial canals. These run

at right angles to each other from the manubrium to the edge of

the body near where the tentacles are attached, and there they

connect with the circular canal which encircles the body. The
enteric cavity, which begins in the manubrium, is continuous

throughout the radial and circular canals. The sexual reproductive

organs, or gonads, are suspended from the radial canals, and are

either male or female.

Ectoderm. The body wall of the medusa is similar in con-

struction to that of all Coelenterates. It consists of an outer layer

of ectoderm and an inner layer of endoderm. The two cellular

layers are separated by the non-cellular mesogloea. The ectoderm

cells form a covering over the entire body, including the oral and

aboral surfaces and tentacles. The nematocysts are confined to the

tentacles. The tentacles also bear a number of adhesive discs

which arise as modifications of the ectoderm cells.

The ectodermal nerve cells are more highly developed in a jelly-

fish than in Hydra, and both sensory and motor nerve cells

are present. In the ectoderm near the attachment of the velurn,

the nerve cells are grouped to form the nerve rings. The latter

encircle the body in the region near the circular canal. The cells

of the nerve ring are chiefly motor in function. Two types of spe-

cialized sense organs are formed in the ectoderm. At the base

of each tentacle there is a spherical cavity containing pigmented

ectodermal cells, while between the bases of the tentacles appear

small, solid, ectodermal outgrowths, known as statocysts, which

are believed to function as organs of equilibration. The periph-

eral sense organs are able to receive certain stimuli from the

environment and pass an impulse on to the inner nerve cells.

This is exactly what the sense organs do in the higher animals.

The stimuli received by the sensory cells are also able to bring

about a high type of coordinated swimming movement. In swim-

ming, there is a rhythmic contraction of the entire body brought

about by the muscular elements present in the cells of both the

ectoderm and the endoderm, under the control of the motor nerve

cells. The contraction results in a decrease in the volume of the

space between the velum and the top of the oral surface. A



OBELIA 71

portion of the water which fills this space is thus driven out with

considerable force through the central opening in the velum. As a

result, the animal is driven forward ; that is, aborally, at each con-

traction. As soon as the water has been forced out the contraction

ceases, the oral space again assumes normal size, and is filled with

water as at first. These rhythmic, swimming movements in the

medusa thus present a marked degree of coordination between the

nerve and muscle elements.

Endoderm and Mesogloea. The endoderm cells form the

lining of the main enteric cavity in the manubrium as well as its

continuation in the radial and circular canals. These cells have

the same structure and function as in Hydra. The non-cellular,

secreted mesogloea, lying between the ectoderm and endoderm, has

the same general character in all Coelenterates, but in the medusa

and other jellyfish a very much greater amount is present than in

Hydra. It really forms the larger part of the body wall in these

types ; that is, the body wall may be said to consist of a thick layer

of mesogloea, covered on the outside by a thin layer of ectoderm

cells and on the inside by a thin layer of endoderm cells.

While at first glance one fails to observe any great similarity

between the structure of Hydra and that of a free swimming jelly-

fish form, nevertheless, both are built upon the same fundamental

polyp plan, and the various parts of the body occupy practically

the same position in the two forms, the greatest difference between

the two being the relatively large amount of mesogloea present

in the medusa type. (W. f. 38.)

C. Life Processes of Obelia

1. Metabolic Processes

In the attached, colonial stage of Obelia, the processes of nutri-

tion, respiration, and excretion are so nearly like those of Hydra

that no special description is necessary. Any surplus of food

from the nutritive polyps goes by way of the coenosarc to the

support of the colony as a whole, particularly for the development

of the stalk and the reproductive polyps.

In the free-swimming medusae there are certain methods of food

capture which should be noted. The jellyfish secures its food in

two ways. When it is moving through the water, the food which

comes in contact with the tentacles is captured and conveyed to



72 MANUAL OF ANIMAL BIOLOGY

the mouth by them. These tentacles, owing to the sensory nerve

cells which are scattered through the ectoderm, are very sensitive

to stimuli, and small animals which come into contact with them

bring about a quick response. There is an explosion of the nemato-

cysts, and the prey, paralyzed by the poisoned stinging hairs, is

conveyed to the mouth by the tentacles.

The jellyfish, when not swimming, sinks to the bottom and lies

with the oral surface up. In this position the tentacles and the oral

lobes of the manubrium are able to secure any bits of food that may

fall on them from the surface of the water. For example, bits of

clam meat may be dropped on the animal, and their capture and

ingestion easily seen. Any food secured by the animal is taken

into the enteric cavity through the mouth. Digestion as in Hydra

occurs both by intracellular and intercellular methods. A portion

of the food passes from the enteric cavity, or ' stomach,' at the base

of the manubrium, through the radial and circular canals where it is

absorbed, and thus the entire organism is nourished.

2. Reproduction

The reproduction of the colonial Obelia is entirely asexual, and

may take place either by a general growth of the hydrorhiza or by

the formation of numerous medusa buds in the gonangia.

In the first type of reproduction mentioned, the hydrorhiza

of an Obelia colony grows along the substratum to which the colony

is attached. At certain intervals erect hydrocauli, which bear the

hydranths, are formed from the hydrorhiza. The nutritive

polyps thus formed furnish an additional supply of food material

so that the hydrorhiza can continue to grow.

In the formation of medusa buds, Obelia exhibits a highly

interesting type of asexual reproduction which leads directly to the

consideration of the phenomenon of alternation of generations,

inasmuch as the free-swimming medusae, produced in the repro-

ductive polyps by asexual budding, develop into sexual individuals

possessing either ovaries or testes. The gonads of either sex are

attached, as previously stated, to the radial canals of the medusa,

and no external morphological differentiation is to be noted between

the two sexes. When sexually mature, the eggs break out of the

ovary of a female medusa directly into the sea water. Similarly,

from the testes of a male, active sperm are liberated. These swim

freely through the water to the eggs, and fertilization, followed by
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cleavage, occurs as in Hydra. The result of the first stages in de-

velopment is the formation of a tiny, ciliated larva, known as the
planula. The planula swims around for a time, then becomes
attached to some suitable solid material in the water and soon
begins to change its form and to develop into the attached, colonial

asexual phase of Obelia with which we began the study of the life

history. (W. f. 37.)
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X. STARFISH

In the previous chapters on Hydra and Obelia, mention was

made of the radial symmetry exhibited by these forms. Nature's

experiments with this plan of animal organization apparently

reached its climax in the phylum Echinodermata, a typical repre-

sentative of which is to be found in the Starfish. The Coelenter-

ates and Echinoderms were, for a long time, placed in the same

group, which was known as the Radiata, but later it became

evident that they should be placed in separate phyla.

As a matter of fact it is generally believed that the radial sym-

metry of the adult Starfish and other Echinoderms has a more or

less superficial character for, in the embryonic condition of these

animals, the body plan is not radial but two-sided, that is, a right-

and left-sidedness, a condition known as bilateral symmetry.

As will be noted in the following chapters, bilateral symmetry is

common to practically all the higher types of animals. Considered

from various standpoints the Echinoderms appear as an atypical

group and one which presents many difficulties with respect to their

true relationships.

The Starfish presents, as will be seen from the description below,

a much higher degree of differentiation and complexity in its

general structural features than do the animal types heretofore

studied. And for the most part it is difficult to relate these Star-

fish structures with those present in other animal groups. In other

words, we have here an animal exhibiting a number of interesting

and complex features which clearly are off the beaten track of

animal organization. In correspondence with the unusual struc-

tural features are various functional adjustments, some of the most

interesting of which are centered around the water vascular system.

A. External Structure

The body of the Starfish consists of a central, circular disc from

which five, pointed arms radiate. Practically the entire surface

of the body is covered with a thin, ciliated epidermis, underneath

which is a heavy body wall, studded with blunt, projecting, cal-

74



STARFISH 75

careous spines, around the base of which numerous tiny pedi-

cellariae are grouped. Structurally and functionally the pedi-

cellariae resemble a pair of pincers, and they are able to seize and
to hold minute objects when contact is made. They function

primarily, it is believed, in keeping the body surface free from for-

eign materials which might be injurious to the delicate, respir-

atory branchiae. These are tiny filamentous projections of the

inner tissues which are found in considerable numbers in the areas

lying between the spines and the surrounding pedicellariae. The
central cavity of each branchia is continuous with the general body
cavity, and is filled with body fluid. The branchiae function in

respiration by the exchange of respiratory gases through their thin

walls. (W. f. 46.)

Turning our attention to the central disc, a small, circular, per-

forated plate, the madreporite, is to be seen lying in the area of

the disc between two of the arms. The madreporite is the external

opening into the water vascular system, a unique feature of

Echinoderm structure which is described below. Near the center

of the disc is a minute anal opening which is practically non-
functional, as will be shown later. The two arms projecting from
the central disc on either side of the madreporite are designated

the bivium, while the other three arms constitute the trivium.

Considering the Starfish from the under, or oral, surface, the

mouth will be found opening in the center of the disc, surrounded
by five groups of movable spines. Very prominent features are

the five ambulacral grooves which run from the mouth to the tip

of each arm. Throughout the entire length of each ambulacral
groove are numerous projecting muscular elements, the tube
feet, which constitute the chief structures of the water vascular

system for locomotion and the capture of food.

Structure of the Body Wall. The body wall of the Starfish

contains many flat, articulating skeletal structures, the calcareous

plates, or ossicles, on which the projecting spines rest. Between
the ossicles, which in most regions of the body are irregularly

arranged, there are resistant connective tissue elements and muscle
fibers which form a common 'cement substance.' On the under
surface of the arms, the regularly arranged and specialized ossicles

form the walls of the ambulacral grooves in which the tube feet are

located. In the roof of the ambulacral grooves, the arrangement
of the double row of ambulacral ossicles is such that the opening of
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the groove can be entirely closed and protection thus offered to the

enclosed tube feet.

B. Organ Systems

1. Nutritive System

The nutritive system of the Starfish, conforming to the general

structural plan of this unique organism, is quite unusual in various

structural features. The mouth, as has been noted, is centrally

placed on the under surface of the central disc and opens into a short

tube, the esophagus. The latter continues upward (aborally) and

leads into a large, five-lobed, thin-walled sac, the stomach, which

occupies most of the space in the central disc. The oral, or cardiac,

portion of the stomach is so constructed that it can be pushed out,

or everted, through the mouth opening when the animal is feeding.

From the somewhat smaller pyloric portion of the stomach, which

lies above the cardiac portion, five pairs of pyloric caeca arise

;

each pair extending into and throughout the entire length of an

arm. The caeca branch extensively to form a great number of

lateral pouches in which the digestive enzymes are secreted. A
tiny intestinal tube, the rectum, also has its origin in the pyloric

portion of the stomach from which it continues to the very small

anal opening on the aboral surface of the central disc.

When the animal feeds, the cardiac portion of the stomach is

everted through the mouth opening, and, wrapping itself around the

food material, proceeds to digest it outside the body. Indigestible

materials taken into the digestive system are later egested via the

mouth so that very little, if any, use is made of the intestine in this

connection. The digested food is absorbed by certain of the cells

lining the alimentary tract, then passed on to the outer cellular

layers, and finally transferred to a body fluid (coelomic fluid)

present in the body cavity (coelom). The latter surrounds the

stomach and continues into each arm, so that the food materials

picked up by the coelomic fluid are distributed to all parts of the

organism. The movement of the fluid throughout the body

spaces is more or less irregular, but it is aided by the action of cili-

ated cells present in certain areas of the lining of the coelom.

2. Water Vascular System

The echinoderm water vascular system is unimitated, nothing

comparable being found in any other group of animals. It consists

of a complex system of closed tubes which may be said to begin
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with the perforated calcareous madreporite situated on the aboral

surface of the central disc. From the madreporite a tube, the

stone canal, runs orally toward the mouth, in which region it

connects with the ring canal, encircling the mouth. From the

ring canal, five radial canals lead off— one following the roof of

the ambulacral groove to the tip of each arm. From the inner

surface of the ring canal nine tiny sacs (tiedemann's bodies)

project toward the mouth. In them, amoeboid cells are formed
which probably function in excretion. Throughout the length of

each radial canal, many minute paired branches arise to which the

tube feet are attached.

Each of the hollow, muscular tube feet is provided with the

bulb-like portion, the ampulla, which lies above the roof of the

ambulacral groove in the body cavity. The body of each tube

foot proper extends orally and projects to the exterior through

a tiny opening between the ambulacral ossicles, where it ends in a

circular suction disc. The latter is a very important feature

because it can be pressed against almost any solid object, and the

contact maintained by suction. It is by such action that food is

secured and locomotion performed.

We may now consider certain important features connected with

the functioning of this extraordinary system. Water is drawn
into the water vascular system through the madreporite, it is

believed, by the action of ciliated cells lying within the madreporite,

and it fills the various canals and the ampullae of the tube feet.

When it is necessary to extend the tube feet, the muscular walls of

the ampullae contract and thus force the water down into the body
of each tube foot, and this results in its enlargement and extension.

A tube foot thus forced into contact with a solid object adheres

through the action of the suction disc noted above. Release of the

tube feet is brought about by a reverse flow of water into the am-
pulla. When a considerable number of tube feet thus become
attached to an immovable object, a slow creeping movement of

the entire organism can be effected by a coordinated contraction

and shortening of the tube feet alternating with their release and
a subsequent reextension and attachment in an advanced position.

In feeding, the tube feet of an arm may be applied and attached
to a piece of food and the latter gradually moved to the mouth by
the action of the tube feet alone or by the coordinated bending
action of the arm.
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3. Respiratory, Excretory, and Vascular Systems

It has been emphasized repeatedly that the processes of respira-

tion and excretion must be continuously in operation in every liv-

ing cell. In a larger and more complex type of animal, like the

Starfish, it is necessary that arrangements be made so that the

oxygen necessary for respiration can be supplied to those cells of

the body which are not in contact with the surrounding water,

and in addition, so that the carbon dioxide and other metabolic

wastes can be removed. In other words a specialized transpor-

tation system is essential. This function is performed in the

Starfish by the coelomic fluid which flows through the tissues and

serves as a general transportation system for the materials passing

between the cells and their environment. Present in the coelomic

fluid are numerous isolated amoeboid cells, the amoebocytes,

which are formed from the tissue lining the coelom.

In types of animals higher than the Starfish, such, for example,

as will be seen in the Earthworm, the much more complex vascular

system with the blood circulating through the body in closed

tubes, the blood vessels, performs essentially the same function.

It is the link between the cells and their environment. As a

matter of fact, in the Starfish, the possible forerunner of the

closed vascular system of the higher animals is to be found in

the so-called perihemal system, the tiny tubes of which run, for

the most part, parallel with and just below those of the water vas-

cular system. The perihemal tubes contain a small amount of

fluid which possibly is of the same nature as the blood of higher

animal types.

With regard to the exchange of gases essential to respiration, the

pertinent facts may be stated as follows : The carbon dioxide

picked up by the coelomic fluid from the cells with which it

comes into contact is carried to the tubular dermal branchiae

which, as has been noted above, project through the body wall

into the surrounding water. The respiratory exchange is carried

on through the walls of the branchiae, the oxygen received passing

in turn to the tissue cells as the coelomic fluid is slowly moved
throughout the body, largely by ciliary action.

In the excretion of nitrogenous wastes, it appears that the wastes

from the cells pass into the coelomic fluid, then are carried to the

rectal caeca through which they leave the body. The rectal
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caeca are two tiny secreting bodies which open into the intestine,

so that the nitrogenous wastes leave the body through the anus.

It has already been noted that the intestine does not function for

the egestion of material from the alimentary canal. It is also com-

monly stated that the amoebocytes function as excretory agents in

that they ingest various types of solid waste materials. Later

these amoebocytes pass through the thin walls of the dermal

branchiae and leave the body permanently.

4. Reproduction

Unlike the hermaphroditic condition noted in Hydra, the sexes

are separate in the Starfish. No external differentiation between

the two sexes is to be noted, and, as a matter of fact, there is very

little internal structural differentiation except during the breeding

season, for the gonads in both sexes are very small during the

remainder of the year. In sexually mature animals, in the spring

of the year, the gonads of both sexes gradually attain full size and

then they fill up a considerable portion of the body cavity in the

central disc and extend out into each arm for a considerable

distance. The ripe germ cells leave the body through tiny genital

pores on the aboral surface of the body — one of which is located

near the base of each arm. The fertilization of the Starfish eggs

occurs in the surrounding water, and the zygote rapidly develops

into a free-swimming, ciliated embryo which is definitely bilateral

for a time and then gradually changes into the radially symmetri-

cal adult condition.

5. Nervous System

Our previous study of Hydra revealed the presence of a nerve

net composed of numerous interconnected nerve cells widely

distributed throughout the ectoderm layer. In the Starfish there

are many such nerve cells with wide distribution, and, in addition,

a more highly developed and definite nerve tissue is found in which

the constituent elements are grouped to form radiating nerve

fibers of various lengths. This central nervous system of the

Starfish consists essentially of a nerve ring surrounding the

mouth below the ring canal and, in each arm, a fine nerve fiber

which, beginning at the nerve ring, runs to the tip of the

arm where it ends in a primitive pigmented eye spot. From the

nerve ring and the nerve fibers in each arm many small branches
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are given off which innervate all the interior organs. The
innervation of the animal is so complete that the muscle tissue in

the walls of every one of the tube feet receives its own tiny

branch. It can be shown experimentally that the nerve center

which controls all the muscular action is located in the nerve ring,

for when it is cut the movements of the animal become erratic and

purposeless.

The locomotion of the Starfish, involving, as it does, the slow

expansion and contraction of great numbers of tube feet, is very

slow. Very different is this function in the Brittle Star (Ophiura),

figured on page 53. The long, flexible arms of Ophiura are

supplied with heavy muscles which, under the control of the

nervous system, move the arms so as to cause rapid locomotion.
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XI. EARTHWORM

The Earthworm, of which there are a great many species widely

distributed in the soil of practically every region of the globe,

belongs to a phylum of segmented animals known as the Annelida.

Due to the fact that the Earthworm possesses a number of struc-

tural features which are of considerable importance in interpret-

ing those of still higher types of animal life, it is an especially

valuable form for study. These structural features may be

enumerated as follows

:

(1) The Earthworm is a triploblastic animal ; the three primary

germ layers, ectoderm, mesoderm, and endoderm, being present

as in higher animals, and in contrast to diploblastic animals like

Hydra.

(2) The Earthworm possesses a body cavity, or coelom, lying

between the body wall and the tubular alimentary canal. Thus,

the body plan may be described as a tube within a tube. This type

of structure is present in higher forms, but it is not found in the

Coelenterates, in which the body may be said to consist of a single

tube.

(3) The Earthworm shows a definite segmentation, or metamer-

ism of the body ; that is to say, the body is composed of a large

number of distinct segments which are arranged in a linear series.

Varying degrees of segmentation are present in most of the

higher forms of animals.

(4) The Earthworm shows a two-sided, or bilateral, symmetry.

As a rule, the organs in such a case are paired : one situated on

the right side of the body and one on the left side. Accordingly

there is only one plane which will divide the animal into symmetri-

cal halves. Bilateral symmetry is even more pronounced in the

higher animal types.

(5) The Earthworm possesses a number of highly developed

organ systems for performing various vital functions, such as

nutrition, transportation, excretion, etc. These arise by a group-

ing of certain tissues, and are characteristic of all the higher

organisms.
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A. External Structure

The Earthworm has an elongated, cylindrical, segmented body

which may vary in length from a few inches to a foot or more.

Rare species of Earthworms are known which may even reach a

length of several feet. One end of the body tapers down to a some-

what blunt point in contrast to the opposite end, which is rather

flattened. A study of the animal shows that the more pointed end

is the anterior, or head, end, and the opposite is the posterior, or

tail, end. The Earthworm may be said, therefore, to show

antero-posterior DIFFERENTIATION. Also, the worm, when

crawling along, maintains as a general rule the same part of the

body in contact with the solid surface. An examination of the

body will show that this lower, or ventral surface, on which the

worm crawls, is somewhat flattened as compared with the upper,

or dorsal surface. A differentiation between these two sur-

faces, as shown in the Earthworm, is known as dorso-ventral

DIFFERENTIATION.

The number of segments present in the body varies considerably

in individual worms, but all the segments have essentially the

same structure. Certain minor segmental variations may be noted.

The first segment at the anterior end of the body has an over-

hanging dorsal projection, known as the prostomium, which forms

a lip-like structure over the mouth. In the last segment of the body

is the slit-shaped anal opening. About one-fourth of the distance

back from the anterior end a few segments are differentiated to

form an enlarged glandular structure, termed the clitellum,

which functions in connection with reproduction. (W. fs. 59 ; 60.)

If an Earthworm is drawn through the fingers a roughness will

be noted. This is due to the presence in each segment of tiny

bristles, or setae, which project through fine openings in the body

wall. Each segment has eight setae arranged in four pairs. The

setae are in corresponding positions in each segment, so that four

double rows of setae are formed which run the entire length of the

body. Two of the double rows are on the ventral surface : one

double row is on the right, and one on the left side.

In a transverse section of the body, the finer structure of the

setae may be observed. Each consists of a bristle embedded in

the body wall, long enough to project a slight distance beyond the

exterior surface of the body at one end and, at the other end, to



Figure 6

The Annelida include a large subclass of marine worms, the Polychaeta, of
which the Sandworm {Nereis virens), here shown, is a well-known example.
The marine worms possess paired, muscular organs, the parapodia, which
function in locomotion and respiration. Nereis and many other related forms
are vigorous swimmers. Many species are found, however, which are tube
dwellers with degenerate or modified parapodia. The development of the
head region, particularly with regard to sensory structures, is also a note-
worthy feature of the Polychaets.
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project into the coelomic cavity. The basal end of each seta is

covered over by a number of muscle fibers which are attached to

the near-by body wall. The arrangement and attachment of the

muscle fibers to the setae is of such a nature that the ends of the

setae, which project externally through the body wall, can be

pointed either anteriorly or posteriorly by a contraction of the

proper fibers. This permits of their use in locomotion. (W. f. 61.)

B. Organ Systems

It has been noted that the body plan of the Earthworm may be

described as a tube within a tube ; the outer tube being the body

wall, the smaller enclosed tube the alimentary canal, and the space

between the body wall and the alimentary canal constituting the

body cavity, or coelom. A study of the embryonic development

of the Earthworm shows that the coelom is formed by a splitting

of the mesoderm into an outer layer, which is in close contact with

the outer ectoderm and forms the main portion of the body wall,

and an inner layer, which is in close contact with the functional

endoderm of the alimentary canal. Thus the coelom is com-

pletely lined with mesoderm. The coelom develops in essentially

the same way in all higher types and, although subject to consider-

able structural variation, it is an important feature of the triplo-

blastic animals, and particularly so in the Vertebrates.

The coelom of the Earthworm is not a single open space running

from the anterior to the posterior end of the body, but is divided

into as many compartments as there are segments in the body.

These divisions of the coelom are due to membranous dividing

walls, or septa, 1 which are attached both to the body wall and to

the alimentary canal. Each of the segmental grooves, which can

be seen on the external surface of an Earthworm, marks the at-

tachment of a septum to the body wall. (W. f. 59, A, B, C.)

Structure of the Body Wall. A microscopical examination

of a prepared transverse section through the body wall of the Earth-

worm shows the following arrangement of tissues. (W. f. 61.)

The outer layer consists of a very thin, transparent membrane,

known as the cuticle. This is not a cellular layer, but is formed

as a secretion by the epidermal cells which lie directly under-

neath. Most of the epidermal cells contain pigment, especially

those on the dorsal side of the animal, with the result that this

1 Singular, septum.
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region of the animal is somewhat darker. Certain epidermal

cells secrete mucus which passes out through openings in the cuticle

and covers the body. Sensory cells are also present in the epi-

dermis. The next layer of the body wall consists of circular

muscle tissue. This tissue is formed from a great many long,

spindle-shaped muscle cells which are so arranged that when they

contract the diameter of the body is decreased. Beneath the

circular muscle layer is a thick layer of longitudinal muscle
tissue in which the cells are arranged with their long axes parallel

to the long axis of the body so that when they contract they cause

a decrease in the length of the animal. The innermost layer of the

body wall is known as the coelomic epithelium. It consists of

flattened epithelial cells which form the lining of the coelom.

1. Nutritive System

Beginning with the mouth opening at the extreme anterior end

of the body, the alimentary canal continues as a straight tube

throughout the entire length of the animal and finally ends at the

anal opening situated at the extreme posterior end. The following

regions may be noted. (W. f. 60.)

The pharynx extends from the mouth through segment vi. It

is a heavy-walled, spindle-shaped structure and is attached to the

body wall by a great many fine muscle fibers.

The esophagus begins at the posterior end of the pharynx in

segment vii and continues posteriorly as a narrow, straight

tube to segment xiv, where it connects with the crop and gizzard.

Paired swellings on the sides of the esophagus in segments x-xiv

constitute the calciferous glands.

The crop and gizzard constitute sac-like enlargements of the

alimentary canal lying between segments xiv and xix. Although

of about the same size and shape, these two organs differ consider-

ably in structure. The crop is thin-walled and elastic and serves

for the temporary storage of food, whereas the gizzard has heavy,

muscular walls, and is adapted for grinding the food.

The intestine has its beginning at about segment xx and con-

tinues as a straight, tubular structure to the posterior end of the

body, where it ends at the anal opening. In each segment there

is a slight out-pouching of the intestinal wall.

The structural features of the intestine as revealed by the micro-

scopic study of a transverse section may now be described. The
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intestine is roughly circular in outline with a large central cavity.

The latter is partly filled by an infolding of the dorsal wall to form

the typhlosole, which greatly increases the effective absorptive

surface. The outer surface of the intestine and the interior of the

typhlosole is covered by layers of long, cylindrical cells, composing

the chloragogen layer. These cells are believed to have an

excretory function, and the yellowish green pigment granules

scattered through their cytoplasm are regarded as metabolic wastes

which they have removed from the blood. The mass of chlorago-

gen cells continues into the typhlosole and, indeed, forms the

greater portion of this structure. (W. f. 61.)

Lying just within the chloragogen tissue is a layer of circular

muscle tissue which forms a band running entirely around the in-

testine. Just as in the body wall, the contraction of the muscle

fibers of this layer brings about a reduction in the diameter of the

alimentary tract. Numerous bundles of muscle fibers, running

lengthwise of the alimentary canal, lie below the circular muscular

layer. They do not form so definite a layer as the circular muscles,

since they are arranged somewhat irregularly. Numerous blood

vessels are present in the muscle tissue of the intestine and, be-

tween the two layers, blood spaces are found in which the blood

receives the absorbed food materials.

The innermost layer of the alimentary canal, known as the

lining epithelium, is composed of endoderm cells which are re-

sponsible primarily both for the digestion of the food material and

its absorption after it has been digested. There are, in fact, two

types of these endoderm cells : the gland cells and the absorptive

cells. The gland cells secrete digestive ferments, or enzymes,

which are comparable to those present in other animal forms, and

these have the power to change, or digest, the food so that it can be

absorbed. The gland cells vary considerably in size and shape,

depending upon the amount of material they contain. The absorp-

tive cells are quite regularly arranged between the gland cells, and

are adapted for absorbing the digested food material from the

cavity of the intestine and transferring it to the blood stream for

transportation to all parts of the body. The bodies of the absorp-

tive cells are quite large, and the free ends are ciliated.

Functional. The Earthworm, as its name indicates, is adapted

for living in the soil. The holes, or burrows, which it makes, vary

in depth from a few inches to several feet, depending upon the
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nature of the soil. In all cases, the burrows are formed by the

Earthworm literally 'eating a hole' in the soil. All the materials

taken from the burrow pass into the alimentary canal through the

mouth opening, then through the entire length of the canal, and
finally are egested through the anal opening as castings, or feces.

The castings are voided at the surface around the entrance to the

burrow, where they form tiny mounds of earth. The great number
of Earthworms present in the soil of many regions, together with

their habit of almost continual burrowing, makes it possible for

them to bring considerable quantities of soil from lower depths to

the surface. It has been estimated that in some localities as much
as 18 tons of soil per acre are annually brought to the surface in this

manner.

This method of burrowing by eating through the soil not only

provides the Earthworm with a method of home-building, but it

also constitutes the chief source of its food supply, for, as the

soil passes through the alimentary canal, much of the organic

material there present is utilized for food. In addition to obtaining

food from the materials in the soil, the Earthworm when it comes
to the surface, generally at night, secures various other materials

which can be utilized for food.

In the ingestion of food material the pharynx plays an impor-

tant part. When the mouth is applied to some suitable object,

the muscle fibers, which run from the pharynx to the body wall,

contract. This enlarges the pharynx, and the resulting suction

aids in drawing the food through the mouth and into the pharynx.

The ingested material passes through the pharynx and esophagus.

In the latter, a secretion from the calciferous glands, consisting

largely of calcium carbonate, is added to the food, which probably
aids in neutralizing any excess acidity which may be present. The
material passes next into the crop, which serves only as a temporary
storage place, and then into the muscular gizzard, where it is

ground. Finally, the ingested material is passed into the tubular

intestine and as it moves slowly through this part of the alimentary

canal, the cells of the lining epithelium carry on the digestive and
absorptive processes as noted just above.

2. Vascular System

In the Earthworm there is a closed vascular system which has
as its function the transportation of various kinds of materials
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to all regions of the body. Such a system forms a necessary part

of the structure of all the higher forms of animals. It consists

of (a) a circulating medium, the blood, which is adapted for trans-

porting the various materials, and composed of a fluid portion, the

plasma, containing an enormous number of isolated living cells,

the blood cobpuscles. (b) The blood is contained in a system

of connected, closed, muscular-walled tubes, the blood vessels.

(c) Contractile portions of the blood vessels, heabts, drive the

blood through the vessels by means of rhythmical muscular con-

tractions. There is also present in such types of circulatory sys-

tems, (d) numerous blood spaces permeating the tissues, by means

of which the fluid portion of the blood can come into direct

contact with the living cells of the tissues. The vascular system

exhibits a high degree of development and complexity, as will be

evident from the following description.

(1) Longitudinal Vessels. There are five blood vessels

which run the length of the body. The largest of these is (a) the

dobsal vessel which lies on the dorsal side of the alimentary

canal. Ventral to the alimentary canal in the same relative

position is (6) the slightly smaller ventbal vessel. These two

vessels are directly connected by five pairs of heavy walled con-

tractile heart-like vessels (c) the aobtic loops, which lie in the

anterior end of the body in segments viii to xii. The other three

longitudinal vessels are considerably smaller and lie near the

ventral body wall in close association with the nerve cord. These

are (d) the important subneubal vessel, lying ventral to the

nerve cord, and (e) the two smaller latebal neubals, situated to

the right and left of the nerve cord.

The Dorsal Vessel is the chief collecting vessel and, posterior to

segment xii, receives blood in every segment from the various

segmental vessels noted below. Anterior to segment xiii it is a

distributing vessel and gives off the collected blood to the aortic

loops and to the tissues of the pharynx where it ends.

The Ventral Vessel is the chief distributing unit of the vascular

system and throughout its length gives off the blood received from

the aortic loops to the connecting segmental vessels.

The Subneural Vessel receives blood at the anterior end of the

body from small branches and distributes it throughout the length

of the body by means of segmental vessels which connect with the

dorsal vessel, as noted below.
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The Lateral Neural Vessels receive blood from the anterior end of

the body and distribute it to the nerve cord throughout its length.

A pair of short longitudinal vessels, the extra-esophageal,
is present in the anterior end of the body, one on either side of the

esophagus. They arise by small branches in the pharyngeal region

and extend posteriorly through segment xii. The blood collected

anteriorly is carried back to segment xii, where connection is made
with segmental vessels leading to the dorsal vessel.

(2) Segmental Vessels. In each segment of the body, pos-

terior to the aortic loops, small vessels connect with the larger

longitudinal vessels. These segmental branches carry blood to

and from the many tissues and organs of the body. The princi-

pal segmental vessels are as follows :

(a) The Dorso-subneural vessels which, branching from the

subneural vessel, run dorsally along the septa and empty into

the dorsal vessel. Enroute they collect blood from the body wall

and the nephridia.

(b) The Dorso-intestinal vessels which collect blood from the

tissues of the intestine and carry it to the dorsal vessel.

(c) The Ventro-intestinal vessels which distribute to the tissues

of the intestine the blood received from the ventral vessel.

(d) The Ventro-parietal vessels which distribute to the body wall,

nephridia, and reproductive organs the blood received from the

ventral vessel.

Course of the Circulation in the Earthworm. The gen-

eral course of the blood flow through the body is as follows. Start-

ing at the posterior end of the worm and continuing anteriorly to

the aortic loops, blood is received into the dorsal vessel from the

various segmental vessels (dorso-subneural and dorso-intestinal).

The blood is forced anteriorly by rhythmic waves of contraction,

or peristalsis, in the muscular walls of the dorsal vessel, which
begin at the posterior end of the vessel and move anteriorly in a

regular manner. At the anterior end of the body a large propor-

tion of the blood flows into the aortic loops which contract syn-

chronously with the dorsal vessel and force the blood into the

ventral vessel. Valves are present in the aortic loops, which
prevent a back-flow into the dorsal vessel. The main flow in the

ventral vessel is posterior, although a small amount in the region

of the aortic loops is forced to the extreme anterior end of the
body. The ventral vessel is not contractile, so the flow of blood
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in it is due to the pressure induced by the contractions of the aor-

tic loops. As the blood moves posteriorly in the ventral vessel it

is forced out into the segmental vessels (ventro-intestinal and

ventro-parietal) which convey it to the various important organ

systems where connection is made with tiny connecting vessels,

the capillaries, leading to the dorsal vessel, as noted above.

In the region of the aortic loops and anterior thereto, both the

dorsal and ventral vessels distribute blood to the various tissues.

This is collected and returned to the dorsal vessel by either the

extra-esophageal vessels or the subneural vessel in association

with the dorso-subneurals. Thus the circuit is complete.

In the above description of the circulatory system, emphasis has

been placed upon the various closed vessels. As a matter of fact,

if the circulatory system consisted only of the closed tubes, it

would fail to function in supplying the needs of the cells. So all

through the tissues there are blood spaces in which this blood fluid,

finding its way through the thin-walled capillaries, actually comes

into contact with, and bathes, the cells. In this way the inter-

change of materials between the blood and the cells takes place.

In addition to the ' closed type ' of circulation of blood by means

of the regular vascular system, the Earthworm has an 'open type'

of circulation in the coelom. The latter contains the coelomic

fluid, which is closely affiliated with the blood in its composition

and in its functions. The various movements of the worm bring

about contractions of the body, with the result that the coelomic

fluid, from time to time, is forced back and forth through open-

ings in the septa, thus bathing the tissues with which it comes

into contact.

3. Respiratory System

The blood carries to the cells not only the food absorbed from

the intestine, but also oxygen which, as we know, is absolutely

necessary for the metabolic activities. Also the blood carries the

metabolic wastes, both liquid and gaseous, away from the cells to

the proper excretory organs. The gaseous interchange, in which

carbon dioxide is given off and oxygen is obtained, occurs at the

surface of the body. The body wall, which is normally kept moist

through the mucus secreted by gland cells in the outer epidermis,

is also richly supplied with the capillaries, and the blood passing

into the body wall comes into close contact with the oxygen of
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the external environment. There is also good evidence that the

highly vascular calciferous glands relieve the blood of considerable

quantities of carbon dioxide which they excrete into the alimentary

canal. It should be clearly understood that the essential part of

respiration is the interchange of oxygen and carbon dioxide by
every cell in the body. The carrying of these gases to and from
the body surface by the blood is a necessary mechanism of respi-

ration. The blood plasma of the Earthworm is colored red by a

complex, oxygen-carrying compound, hemoglobin, which is dis-

solved in it.

4. Excretory System

The Earthworm has an important system for the excretion of

the liquid metabolic wastes of the body, consisting of numerous
tiny coiled tubes, known as nephridia. 1 Except in the first three

or four segments there are two nephridia present in each segment
of the body. They he in the coelom, below the alimentary canal,

and close to the ventral body wall through which they open. In

each segment one nephridium lies to the right and one to the left

of the mid-ventral line. (W. fs. 59, C; 60.)

Each nephridium consists of the following parts : (a) A ciliated,

coelomic opening, the nephrostome ; a long, greatly coiled tube
which lies in three loops and consists of (6) a long, very narrow,

thin-walled portion leading from the nephrostome, and (c) a larger,

tubular region, of considerable length, which continues through
the ventral body wall to the external opening, or nephridtopore.
A nephridium does not lie entirely in one segment, but the

nephrostome and a small portion of the fine connecting tubule

penetrate the posterior septum of the segment just in front.

(W. f. 128, a, b, c.)

It is probable that most of the metabolic wastes of the tissues

accumulate in the coelomic fluid. These wastes may be drawn
into the lumen of a nephridium by the action of the ciliated nephro-

stomal cells and then passed the length of the tubular portion and
through the nephridiopore to the exterior. Or, again, the wastes

may be removed from the coelomic fluid, which bathes the ne-

phridia, by the direct absorptive action of specialized cells located

in the middle region of the nephridia, which then secrete the

wastes so removed into the central lumen for passage to the exterior.

1 Singular, nephridium.
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Wastes from the blood, present in the tiny vessels running to the

nephridia, may also, perhaps, be removed to some extent by the

nephridial cells, but it appears clear that the chloragogen cells,

which come into intimate contact with the blood in the intesti-

nal vessels, are the most important excretory agents of the blood.

It is usually held that such wastes eventually find their way into

the coelomic fluid through the disintegration of the chloragogen

cells, although some authorities have concluded that the wastes

remain permanently in these cells.

5. Reproductive System

The Earthworm possesses a complicated set of organs for

sexual reproduction, and since each worm possesses both male and

female organs, it is an hermaphroditic animal just as is Hydra.

The reproductive organs in the Earthworm, however, are much
more highly developed than are those of the Hydra. In the first

place, they are permanent organs, and, in the second place, the

reproductive system of the Earthworm is greatly complicated by

the presence of an elaborate arrangement of accessory structures so

that sperm from two animals may be exchanged in order to bring

about cross-fertilization, that is, the fertilization of the eggs of one

animal by the sperm of another. (W. f. 60.)

Male Organs of Reproduction. These consist of (a) two

pairs of testes situated close to the ventral body wall and attached

to the anterior septum of segments x and xi. The testes consti-

tute the essential part of the male organs of reproduction, for it is

in them that the sperm are formed. Each pair is enclosed by a

special fluid-filled cavity in the coelom, the testis sac, developed

ventrally in segments x and xi.

(6) A pair of sac-like seminal vesicles is found in segments

ix, xi, and xii, making three pairs in all. The seminal vesicles

are directly connected with the testis sacs ; those in ix and xi with

the sac in x, and the pair in xii with the sac in xi. The sperm are

formed primarily in the the testes, but before they are mature they

are released into the enclosing testis sacs and thence into the sem-

inal vesicles. Here they remain for a time and undergo final

development. Finally, they are again passed into the testis sacs,

and then into the openings of the sperm ducts for passage to the

exterior.

(c) A pair of sperm ducts open externally, one to the right
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and one to the left, on the ventral surface of segment 15. From
the external opening each of these sperm ducts continues forward

internally to segment xii, where it divides, one branch of each

running to the testis sacs in x and xi. In these sacs the sperm

ducts end in ciliated, funnel-shaped openings adapted for drawing

the sperm into the ducts, from which the latter pass to the exterior,

as noted above.

Female Organs of Reproduction. These consist of a single

pair of ovaries situated ventrally in xiii. The eggs which de-

velop in them are set free directly into the cavity of the coelom

in segment xiii and pass into the oviducts which open internally

in this segment. The external opening of each oviduct is through

the ventral body wall of segment xiv. Each oviduct begins in xiii

as a ciliated, funnel-shaped opening situated near the ovary of

that side. The eggs may remain for a time in an enlarged anterior

portion of the oviduct, the ovisac, before leaving the body.

The clitellum, which has been mentioned earlier, is a differ-

entiated glandular structure present in the body wall, normally

situated between segments xxxii and xxxvii. It serves as an

accessory organ during reproduction by the secretion of material

which forms a case in which the embryos develop, as described

below.

In addition, the Earthworm possesses two pairs of seminal

receptacles attached laterally and close to the posterior septum

of segments ix and x. These open directly to the exterior through

the ventral body wall in the grooves between segments ix/x,

and x/xi. The seminal receptacles remain empty most of the

year, but at the breeding season when the worms pair, they are

filled with sperm received from another worm, and it is this foreign

sperm that is used to fertilize the eggs.

Functional. The breeding season begins early in the spring.

At this time the seminal vesicles of each worm are well-filled with

mature sperm which have been developing since the previous breed-

ing period. In order to bring about an exchange of sperm, two

worms come into contact, with the head ends pointed in opposite

directions, in such a way as to bring the openings of the seminal

receptacles of one worm on segments ix/x in close apposition to the

ventral surface of the clitellum of the other worm. The mucus

glands in the skin between segments ix and xxxvii now become

active and secrete a mucus envelope, or slime tube, covering the
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anterior end of each worm. This hardens somewhat and with the

aid of additional material secreted by certain specialized ventral

glands holds the two animals securely together.

Sperm is now discharged by each worm from the openings of

the sperm ducts on segment xv. It is forced posteriorly, under the

slime tube and in a fine groove in the body wall, to the clitellar

region. Here the sperm is passed into the openings of the seminal

receptacles of the other worm which, it will be remembered, are

being held in close apposition. After the exchange of sperm the

worms break loose from their coverings and separate.

In each animal certain glandular cells of the clitellum now
become active and secrete mucus material to form a resistant,

hollow, elastic ring entirely around the body, which is filled with a

jelly-like nutrient substance also secreted by clitellar cells. This

band is then gradually worked forward by contractions of the body
wall. It receives a few egg cells as they are passed from the

oviduct openings at xiv, and sperm, previously received from

another individual, at the openings of the seminal receptacles at

ix/x/xi. The band, now containing eggs and sperm, is moved
further anteriorly, and, finally, after passing entirely from the

animal, contracts to form a small rounded egg case, in which the

eggs, fertilized by the foreign sperm, develop.

After fertilization the eggs begin to divide. The cleavage of the

egg of an Earthworm is somewhat unequal and irregular, but there

are soon formed, just as in the development of Hydra, a hollow

sphere, the blastula, and then a two-layered gastrula, the wall of

which is composed of an outer ectoderm layer and an inner endo-

derm layer. Soon mesoderm is formed between the ectoderm and
endoderm, and it is within the mesoderm, as previously described

(p. 66), that the coelom arises, which is so important a structural

feature of the Earthworm and the higher forms of animals. (W.

f. 173.)

Asexual Reproduction by Regeneration. In the Earth-

worm, the normal method of reproduction is sexual, as has just

been described. This animal, however, shows great powers of

regeneration which under certain conditions may amount to asex-

ual reproduction. For example, if an Earthworm is cut trans-

versely through the middle of the body, each half will regenerate

almost completely. Other species of Annelida are known in which

the power of regeneration is even greater than in the Earthworm.
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In such forms a very small portion will regenerate a complete worm.
(W. f. 160).

6. Nervous System

The Earthworm possesses a much higher type of nervous system
than that of Hydra. It consists, as in the higher animals, of the
CENTRAL NERVOUS SYSTEM and the PERIPHERAL NERVOUS SYSTEM.
The former consists of a ventral nerve cord, which lies in the
coelom, ventral to the alimentary canal, in a median line. It

begins at the extreme anterior end of the animal and continues

throughout its entire length, enlarging in each segment to form a
ganglion. 1 In segment iv, just under the anterior end of the
pharynx, the cord divides to form a nerve collar, composed of

the ciRCUMPHARYNGEAL connectives, which completely encircles

the pharynx. On the dorsal side of the nerve collar, lying above the
pharynx in segment iii, is a bilobed swelling which constitutes

the cererral ganglion. This may be regarded as the rrain of

the animal. Running forward from the cerebral ganglion are two
pairs of nerves, from which a number of tiny branches arise to

innervate the prostomial region. (W. fs. 59, G; 66.)

The peripheral nervous system consists of paired nerve trunks
which are given off from the nerve cord in each segment and which
innervate the various parts of the body. There is a definite

arrangement of these peripheral nerves in each segment which
we may now indicate, (a) Just back of the anterior septum in

each segment a pair of nerves is given off : one of the pair pene-
trates the body wall on the right side of the body, and the other
occupies a corresponding position on the left side of the body.

(6) From each of the segmental ganglia of the ventral nerve cord
two pairs of nerves arise, two of which run to the right side of the

body and two to the left, (c) The extreme anterior segmental
ganglion, located in segment iv just posterior to the division to

form the nerve collar, is known as the suresophageal ganglion,
and from this ganglion several pairs of nerves are given off which
aid in innervating the anterior segments. The two pairs of nerves
running anteriorly from the cerebral ganglion also belong to the
peripheral nervous system.

Each of the peripheral nerves, except those arising in segments
iii and iv, run laterally for a short distance, then divide into a dorsal

1 Plural, ganglia.
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and ventral branch for the innervation of the body wall. Each

of the posterior nerves in a segment gives off a septal nerve

which runs dorsally along the septum to innervate the alimentary

canal.

The structural features of the nerve tissue as revealed by micro-

scopic study may now be described. Considering first the ventral

nerve cord in the region of a ganglion, we find on the outside a

sheath of non-nervous tissue, which consists, externally, of a layer

of epithelial cells similar to those which cover various other organs

in the coelom. Then comes an inner sheath layer consisting

largely of connective tissue, but also containing numerous muscle

fibers and blood vessels. (W. f. 139.)

Embedded dorsally in the cord, below the inner sheath layer,

are three tubular structures, the giant fibers, which extend prac-

tically the entire length of the cord. The median giant fiber is

somewhat larger than the other two which lie laterally. All three

fibers are connected with each other and with processes from the

nerve cells at regular intervals along the cord. It is clear that

they have important nervous functions and, therefore, are better

designated as neurochords.

In Lumbricus, although the nerve cord has the appearance of a

single structure, certain features of the internal arrangement are

quite markedly bilateral. As a matter of fact, in certain other

species, two separate ventral cords are found which are connected

segmentally by transverse fibers. The bilobed central region of

the cord is largely occupied by innumerable fine nerve fibers

which form a dense interlacing mass. The nerve cells, or neurons,

from which the fibers arise, constitute the basic structural and

functional units. They are situated in the ventral and lateral

portions of the cord, below the fiber mass. The neurons are much
more numerous in the ganglia of the cord than in the intergangli-

onic regions.

A typical neuron may be described as a pear-shaped cell with a

prominent nucleus. At one end the cytoplasm is extended to

form a long process, the axon, and, at the other end, one or more

dendrites which are somewhat smaller. Functionally it is clear

that a neuron receives communications by way of the dendrites,

and that the response is sent from the neuron to the peripheral

regions over the axon.

We may distinguish three types of neurons. There is, first, the
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motor neuron with the cell bodies present in the ventral nerve

cord, and the axons extending peripherally for considerable dis-

tances to innervate the muscle tissue in the body wall and alimen-

tary canal. A second type is the sensory neuron with the cell

bodies situated in the various tissues and organs all over the body,

but particularly in the epithelial layer where they are in close

contact with the environment. The axons from the sensory neu-

rons run to the ventral nerve cord. A third important type, the

adjustor neuron, is situated entirely within the nerve cord

where contact (synapse) is made with the axons from the sensory

cells and with the dendrites of the motor cells. The segmental,

peripheral nerve trunks consist of many axons insulated from each

other and bound together with supporting tissues to form the

definitive nerve. Each nerve contains both motor and sensory

axons. (W. f. 138.)

It is this differentiation of the neurons that makes it possible to

bring about harmonious action in response to a stimulus. For

example, if the skin of a living Earthworm is touched with a

dissecting needle, coordinated movements of the body will follow

almost immediately. In such a case the sensory neurons in the

peripheral regions receive the external stimulus, and a nerve im-

pulse is transmitted from them over their sensory axons to the

central nervous system. Here in the cord the message is trans-

ferred to the adjustor neurons which, in turn, refer it to the

proper motor neurons whose axons innervate the muscle fibers in

the affected region. The muscles then contract in accordance

with the stimulus originally received by the sensory cells. Such a

circuit is known as a reflex arc, and the resulting action as a

REFLEX ACTION.

Sense Organs. The sensory neurons in various regions of the

body may be specialized for the reception of a particular type or

types of environmental stimuli, and also grouped together to form

definite sense organs of essentially the same nature as in the

higher Vertebrate animals. Although the sense organs of the

Earthworm are microscopic in size they nevertheless exhibit

remarkable differentiation. Thus for receiving stimuli from light

waves there are modified sensory neurons, or photoreceptor

cells, present in the skin epidermis and grouped at intervals

along certain nerves. They are particularly abundant in the

prostomial region and at the extreme posterior end of the body.
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The photoreceptor cells are characterized structurally by a network

of nerve fibrils in the cytoplasm and by the presence of a peculiar

transparent lens-like structure which serves to focus the light rays

on the nerve fibrils in certain regions of the cell. The sensory or-

gans of the head region are much more highly developed in the

marine worms, such as Nereis (p. 83), than they are in the Earth-

worms.

For the reception of tactile, chemical, and thermal stimuli, there

are single sensory cells and also numerous and widely distributed

epidermal sense organs. Each one of these structures consists

of several sensory neurons which are very different from those of

the 'eye' just noted. They may be described as elongated cells

having a number of very tiny sense hairs at one end and a nerve

fiber at the other. They are so arranged that the sense hairs may
be projected to the exterior through definite openings, and thus

put in a favorable situation to receive the stimuli.
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XII. CRAYFISH

The Crayfish is a common example of a very large and important

phylum of segmented Invertebrates, known as the Arthropoda and

characterized, as the name indicates, by the presence of jointed

appendages. Typically there is a pair of such appendages on

every segment, but as will be seen from our studies of various repre-

sentatives of this phylum, wide variations may be found in the

number of pairs present as well as in the structural and functional

features. All these types of appendages are believed to be related

to a basic ancestral type and are, therefore, said to be homologous.

The Arthropoda are triploblastic, bilaterally symmetrical animals

with a ventral nerve cord, and it may be said, in general, that

various structural features are present which seem to link them

rather closely with the Annelida. In fact, one primitive Arthropod

genus, Peripatus, is very definitely worm-like in its general struc-

tural plan but, nevertheless, has jointed appendages and other

Arthropod structures. On the whole, though, it is very evident

that the organization of the Arthropoda is more advanced than

that of the Annelida. Thus the number of segments is definite

and limited in Arthropod species, and typically exhibit a consider-

able degree of segmental specialization and fusion to form three

body regions, the head, thorax, and abdomen. The development

of the anterior end of the body to form a definite head — the

process of cephalization — together with a marked concentra-

tion of the nervous system and the formation of extremely sensi-

tive and highly differentiated regions of it for the reception of

external stimuli are all features of great interest and importance.

A. External Structure

The Crayfish has an elongated body, generally about six inches

in length when fully extended. The entire body is covered by a

rigid covering (exoskeleton) which is formed as a secretion by

the underlying epithelial cells. In the anterior portion of the

body (cephalothorax) the dorsal exoskeleton is unsegmented,

and is termed the carapace. It ends in an anterior projection

99
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(rostrum). In the posterior portion of the body (abdomen)

the segmentation is clearly marked. The exoskeleton covering

each abdominal segment consists of a curved dorsal portion

(tergum) connected by a ventral, transverse bar (sternum) . The

ends of the tergum (pleura) project ventrally below the sternum.

(W. f. 65.)

Altogether there are twenty-one segments in the body of the

Crayfish, of which segments i-vi constitute the head, segments

vii-xiv constitute the thorax, and segments xv-xxi the abdo-

men. Attached to every segment except the first and last is a pair

of jointed appendages. The first segment bears the eyes, but

these are not usually regarded as being homologous with the

appendages. Also the last segment of the body, the telson, does

not possess appendages, thus leaving a total of nineteen pairs of

appendages. (W. f. 63.)

B. Structure of the Appendages

The appendages of the Crayfish may be divided into two general

types as follows (W. fs. 63, 64)

:

(1) The biramous appendage is found in a typical form on

most of the abdominal segments and in a highly modified form on

the head segments. A typical biramous abdominal appendage

consists of a basal portion, the protopodite, which is composed

of two segments : the coxopodite, attached to the body, and the

basipodite. The latter bears two jointed branches : the inner

termed the endopodite, and the outer the exopodite. This form

of appendage is believed to represent the primitive and fundamental

type from which the modified types of appendages have been

derived.

(2) The uniramous appendage is represented by the walking

legs. In this modified type of appendage the protopodite shows

the same general structure as in the biramous appendage, but the

exopodite is always lacking, so that the basipodite bears only one

branch, the endopodite. Attached to the coxopodite of certain of

the walking legs is a gill-bearing structure, the epipodite, which

aids in respiration as indicated later.

In giving a description of the appendages of the Crayfish, we
shall begin with those present on the abdomen inasmuch as they

are more simple and are believed to represent, as noted above, the

fundamental type.
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1. Abdominal Appendages

The last pair of appendages on the abdomen, the uropods, is

attached to segment xx. They are biramous and both the endo-

podite and exopodite are essentially broad, flat plates adapted for

use in swimming.

Each of the next four abdominal segments (xvi-xix) on the

female bears a pair of typical, small biramous appendages. The
exopodite of each of these abdominal swimmerets consists of a flat-

tened, blade-like structure made up of several joints. The endo-

podite is similar in structure, but is somewhat larger. The abdom-

inal appendage on segment xv of the female is greatly reduced and

not functional. On the male the abdominal appendages of segments

xv and xvi are very atypical, being modified for the transference of

sperm. (W. f. 65.)

2. Thoracic Appendages

There are five pairs of uniramous walking legs attached to seg-

ments x-xiv, all of which are built on the same plan. The pro-

topodite is made up of the coxopodite and the basipodite. The
coxopodite bears the epipodite, with the attached gill filaments

which project dorsally into the gill chamber. The epipodite is

present on all the walking legs except the last pair on segment xiv.

The basipodite bears a five-jointed endopodite, the last two joints

of which may form a pincer, or chela. The pincers on the first pair

of walking legs are large and serve as formidable weapons. Smaller

pincers are present on the next two pairs of walking legs, but are

lacking on the last two pairs. The exopodite is never present.

A pair of mouth parts is present on each of the segments vii, viii,

and ix. These appendages are known respectively as the first,

second, and third maxillipeds. Each of these has a basal

protopodite, composed of the coxopodite and basipodite, and also

a gill-bearing epipodite, noted above. The epipodite of the first

maxilliped, however, lacks the gill filaments. The third maxilliped

on segment ix is the largest. In this appendage, the exopodite is

comparatively short, and consists of a basal portion bearing a

flexible, filamentous structure. The endopodite is much larger

than the exopodite and is composed of five joints, the general

structure being somewhat like the endopodite of the walking legs,

except that a pincer is not present. The first and second maxilli-

peds are smaller than the third maxilliped, but their structure is
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much the same. The maxillipeds are more or less covered with hairs,

some of which are believed to serve as chemical sense organs and
others as tactile sense organs. The maxillipeds aid in holding the

food. (W. f. 64.)
3. Head Appendages

Segments v and vi each bears a pair of appendages, known as the

first and second maxillae. The second maxilla, on segment vi,

is one of the most highly modified appendages of the entire body.

The protopodite is quite unusual and consists of thin, pliable

plates. The exopodite has become greatly modified and, together

with the epipodite, forms a broad, flat structure, the scaphogna-
thite, which, by its movements in the gill chamber, keeps a cur-

rent of water passing over the gills. The endopodite is a small

filament consisting of only one segment. The first maxilla, on
segment v, is one of the smallest appendages and consists of the

protopodite and the endopodite which is a small, atypical struc-

ture. The exopodite is entirely lacking. Segment iv bears a pair

of jaws, or mandibles. Each mandible consists chiefly of a proto-

podite which is made up of two segments, and to which very heavy
muscles are attached. The exopodite is lacking and the endo-

podite is greatly reduced. The mandibles are primarily used for

crushing the food. (W. f. 64.)

Segments ii and iii bear a pair of antenntjles and antennae
respectively. The antennae are considerably larger than the

antennules. The protopodite of each antenna is made up of two
segments. The proximal segments bear an opening of an excretory

organ known as the green gland. The exopodite of the antennae
is a short, thin, blade-like structure, which projects laterally, while

the endopodite is a long, many-jointed, whip-like structure. The
antennules have a protopodite which is made up of three segments,

the proximal one of which contains a sensory organ, known as the

statocyst. The exopodite and the endopodite are practically of

the same length and, although somewhat smaller, have the same
structure as the endopodites of the antennae. The antennules

and antennae are primarily sense organs.

AUTOTOMY AND REGENERATION OF THE APPENDAGES. Many of

the Crustacea, including the Crayfish, possess the power of casting

off an injured appendage. This is known as autotomy. There
is a definite breaking joint between the second and third segments
of the walking legs, and when these appendages are injured, the
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distal end is definitely broken off. Then a process of regenera-

tion begins which soon restores the appendage to the original

condition. Autotomy is under the control of the nervous system

and is brought about by a series of muscular contractions. In

addition to regeneration as a result of autotomy, the Crayfish,

particularly when young, possesses regenerative power sufficient to

form entire appendages when the original ones are removed. The

regenerated appendage, however, does not always have exactly

the same structure as the one which was lost.

C. Organ Systems

1. Nutritive System

The alimentary canal of the Crayfish begins with the mouth

which opens between the mandibles on the ventral surface of the

third segment. Leading dorsally from the mouth is a short, undif-

ferentiated tube, the esophagus, which opens into the stomach

almost directly above the mouth. The stomach is a highly spe-

cialized organ and is divided into two parts : an anterior portion

(cardiac chamber), into the ventral surface of which the esoph-

agus opens, and a somewhat smaller posterior portion (pyloric

chamber). In the lining of the stomach are a number of peculiar

chitinous ossicles which together constitute a complicated food-

grinding apparatus, the gastric mill. The muscle layers in the

wall of the stomach are able to contract in such a way as to cause

the ossicles to work against each other and thus to grind, or masti-

cate, the food. Between the cardiac and pyloric portions is a

strainer consisting of numerous bristle-like structures. The food

must be finely ground in order to get through the strainer in pass-

ing from the cardiac into the pyloric portion of the stomach.

Leading from the posterior end of the pyloric chamber is the tube-

like intestine, which continues almost directly posteriorly through

the center of the abdomen. It opens ventrally through the anus

in the last segment of the body. Large digestive glands, which

correspond to those present in higher forms, are located in the

cephalothorax, and these produce a secretion which contains cer-

tain digestive enzymes. The secretion passes into the pyloric

chamber of the stomach through the hepatic ducts. The food of

the Crayfish consists both of living and dead animal matter. The

process of digestion does not differ fundamentally from that
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already considered in the Earthworm. A further discussion of the

process may be left until the Vertebrate is considered. (W. f. 63.)

2. Vascular System

The vascular system consists of a number of muscular-walled

vessels, the arteries ; a pumping organ, the heart ; a series of

blood spaces, the sinuses, distributed through various regions of

the body ; and, finally, a circulating medium, the blood, which is

essentially similar to that of the Earthworm.

The single heart of the Crayfish is a contractile, muscular organ

which develops as a dilation of a dorsal blood vessel. The latter

occupies a similar position to that found in the Earthworm. The

heart lies in the cephalothorax, in a median plane, quite close to

the dorsal integument. When the exoskeleton is removed from

this region it will be seen that the heart lies in a chamber, the peri-

cardial sinus. Viewed from above the heart shows a somewhat

irregular, pentagonal shape. It is kept in position by six strands

of fibrous tissue which originate from the walls of the heart and

extend to each side, where they are attached to the wall (peri-

cardium) of the pericardial sinus.

Leading from the heart are the six main arteries, including two

pairs, which convey the blood from the heart to various parts of

the body. These may now be described. (W. f. 63.)

Anterior Median Artery. This is an unpaired artery that leaves

the heart at the extreme anterior end and continues anteriorly,

giving off branches which supply the cardiac portion of the

stomach, the esophagus, and portions of the head region.

Antennary Arteries. A pair of these arises at the anterior end

of the heart, one on each side of the median artery. They run

anteriorly for a short distance and then ventrally and laterally,

one to the right and one to the left. Each of these arteries gives

off a branch which runs to the cardiac portion of the stomach, and

other branches which supply various organs in the head region,

notably the muscles and the antennae with the green glands.

Hepatic Arteries. A pair of these arises from the anterior end

of the heart, just posterior and ventral to the antennary arteries.

As indicated by the name, they supply the digestive glands.

Dorsal Abdominal Artery and Branches. This large vessel

leaves the ventral side of the heart at the extreme posterior end.

It runs directly posteriorly through the abdomen, close to the
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dorsal body wall, and gives off branches which supply the muscle

tissue of this region. A large branch, the sternal artery, arises

from the abdominal artery just after it leaves the heart. The

sternal artery continues ventrally, at right angles to the abdominal

artery, till it reaches the ventral body wall. The ventral nerve cord

of the Crayfish at this point splits into two cords which are united

at the segmental ganglia. The sternal artery passes between the

two nerve cords and, underneath them, divides into (a) the ven-

tral thoracic artery, which runs anteriorly under the nerve

cord, and (6) the ventral abdominal artery, which runs pos-

teriorly and occupies a corresponding position.

There are six openings (ostia x
) in the muscular walls of the heart

through which blood passes into the heart from the surrounding

pericardial sinus. One pair of these ostia opens through the dorsal

wall, one pair through the ventral wall, and one pair opens through

the sides. All of the ostia are provided with simple valves which

prevent the outflow of blood.

Having considered the heart and the vessels leading from it, we

are now in a position to note the position of the large blood spaces,

or sinuses, which are present in various regions of the body and

in which the blood is collected and finally returned to the heart.

The pericardial sinus, which surrounds the heart, has already

been noted. The main sinus of the body is known as the sternal

sinus. It is situated on the ventral side of the body in the region

of the thorax. Leading from the sternal sinus are a number of

channels which run into the organs for aerating the blood, the

gills. After passing through the gills the blood flows dorsally

into the pericardial sinus. The alimentary canal in the cephalo-

thorax is surrounded by the perivisceral sinus.

The general course of the circulation of the blood is as follows

:

The blood, which passes from the surrounding pericardial sinus

through the paired ostia and into the heart, is forced out by the

rhythmical contractions of the muscular walls into the various

arteries mentioned above. Thus the heart drives the blood both

anteriorly (median, antennary, hepatic, and ventral thoracic ar-

teries) and posteriorly (dorsal and ventral abdominal arteries) to

supply all regions of the body. In the tissues the blood is gradu-

ally collected in the sinuses, all of which finally open into the large

sternal sinus. The blood which flows to the sternal sinus from

1 Singular, ostium.



CRAYFISH 107

the perivisceral sinus surrounding the alimentary canal carries

absorbed food materials as well as metabolic wastes.

The next step is the passage of the blood from the sternal sinus

through the vessels in the gills. These important respiratory

organs of the Crayfish are attached, as noted below, either by
means of the epipodites to certain appendages or to membranes
which are present near the base of the appendages. After passing

through the gills, the oxygenated blood flows dorsally through a
number of canals (branchio-cardiac canals) which lead into the

pericardial sinus, from which it is drawn into the heart through the

ostia, and thus the cycle is completed.

3. Respiratory System

In the Earthworm it was noted that the entire surface of the

body acted as a medium through which the blood, plentifully

supplied to the body wall, could exchange its waste carbon dioxide

for the essential oxygen. In the Crayfish this phase of respiration

is performed by a much more elaborate mechanism consisting of

the branched, filamentous gills present in the gill chamber of the

thorax. The gill chamber, on either side of the thorax, lies outside

of the body wall. It is the space between the outer, chitinous

exoskeleton and the true body wall of the thorax, dorsal to the

attachment of the appendages. A current of water is forced

through each gill chamber by the paddle-shaped scaphognathite

which, as previously noted, is a part of the second maxilla at the

anterior end of the gill chamber. (W. pp. 161-162.)

The gills in the common American species, Cambarus affinis, are

attached either to the coxopodites of the appendages (podo-

branchiae) or to membranes developed at the bases of the ap-

pendages (arthrobranchiae). In the European genus Astacus

another row of gills (pleurobranchiae) is present which are

attached to the walls of the thorax. The number of gills varies in

different species, but in Cambarus there are 17 gills in the gill

chamber on each side of the thorax : six are podobranchiae, and
eleven are arthrobranchiae.

Each gill may be described as a plume-like structure with a
central stem, or epipodite, to which a large number of fine fila-

ments, the branchiae, are attached. Running through the stem
and branching into the filaments are two blood vessels, an effer-
ent branchial vessel which carries blood into the gills from the
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sternal sinus, and an afferent branchial vessel which carries

blood from the gills. In the gill filaments these vessels are con-

nected by many tiny capillaries, and as the blood passes through

them, the gaseous interchange £akes place. The gill filaments are

very thin-walled and are continually bathed in the water which

passes through the gill chamber. The blood, with a new supply

of oxygen for the tissues, passes from the gills through the afferent

branchial vessels, and finally reaches the pericardial sinus from

which it passes into the heart and is pumped to all parts of the

body.

4. Excretory System

The excretory organs of the Crayfish are unusual in their struc-

ture and not obviously similar to the nephridia of the Earthworm,

although it is generally held that they are homologous with the

latter. They consist of a pair of small bodies, the green glands,

which are situated in the posterior part of the head, at the base

of each antenna. Each green gland consists of three parts : (a) a

glandular portion, which takes the wastes from the blood
;

(b) a

thin-walled, sac-like bladder, which receives the wastes given off

by the glandular portion ; and, leading from the bladder, (c) a

fine tube which opens to the exterior through the wall of the basal

segment of each of the antenna. The green glands are vascular-

ized by small branches from the antennary arteries. The blood,

which they receive, passes through the glandular portion of the

organ, and the nitrogenous wastes are taken from it. (W. f. 63.)

5. Reproductive System

The Crayfish is a dioecious animal ; that is, the two sexes are

separate. This is different from the hermaphroditic condition

which has previously been noted in the Earthworm.

Male Organs of Reproduction. The sperm are developed in

one testis situated near the pericardium. The anterior portion of

the testis is bilobed, while the posterior end is single. Leading from

the right side of the posterior portion is a duct, the vas deferens,

which opens to the exterior through the coxopodite of the fifth

walking leg. The vas deferens from the left side of the testis has

the same structure. The testis is largely composed of a mass of

fine tubules in the walls of which the sperm are formed. When
the sperm have reached the proper stage of maturity, they pass
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down the tubules and eventually leave the testis through the

right or left vas deferens.

Female Organs of Reproduction. The eggs are developed in

a bilobed ovary which is situated in the same general region in the

female as is the testis in the male. Leading from the ovary are two

tubes (oviducts), each of which opens to the exterior through the

coxopodite of the third walking leg. The ovary of the Crayfish

contains a central cavity connected with the oviducts. The eggs

are formed from the definitive germ cells located in the wall of

the ovary. When ripe they break loose from the wall into the

central cavity from which they are taken to the exterior by the

oviducts.

Development of the Crayfish. The breeding season of the

Crayfish is in the fall. At this time the two sexes pair, and sperm

cells are transferred from the male to the female by means of the

specialized abdominal appendages. The sperm cells remain during

the winter in a small cavity, the seminal receptacle, situated

on the ventral surface of the body of the female, between the fourth

and fifth walking legs. The following spring, the mature eggs

developed in the ovary are laid, after being fertilized by the sperm

from the male which were previously stored in the seminal recep-

tacle. The fertilized eggs are attached by a sticky secretion to

bristles present on the abdominal appendages, with the result

that almost the entire ventral surface of the abdomen of the female

may be covered with the developing eggs, each enclosed in a

special protective capsule.

When the egg has been fertilized, cell division begins. However,

the entire fertilized egg, or zygote, of the Crayfish does not divide

at first, but only the fertilization nucleus, or synkaryon. The
latter divides to form a number of nuclei which lie in the center of

the developing zygote. These nuclei later migrate to the surface

of the zygote, and then the cytoplasm divides radially into as

many parts as there are nuclei. Division at right angles then

occurs in such a manner as to cut off a small peripheral portion of

the cytoplasm, surrounding each nucleus, from each of the radial

parts. Thus, at this stage, the embryo consists of an outer, or

surface, layer of cells which contain the nuclei and enclose an inner

mass of yolk material. The latter does not play any direct part

in the further development of the embryo, but supplies the nec-

essary nourishment.
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When the young embryo has reached a certain stage of develop-

ment it hatches ; that is to say, it breaks out of the egg cap-

sule which has thus far enclosed it and becomes more or less

independent. It is, however, still attached to an abdominal ap-

pendage of the mother by means of a filament which runs to the

embryonic telson. Three successive growth stages, or molts,

occur, during each of which the exoskeleton is shed. The

animal finally detaches itself from the mother, and thus becomes

a free-living Crayfish of small size, but in general appearance like

the adult.

6. Nervous System

The nervous system of the Crayfish has the same general struc-

tural plan as that which has already been noted in the Earthworm.

There is a main ventral nerve cord with ganglia running the

entire length of the body. This constitutes the central nervous

system, and from it, at the ganglia, peripheral branches are given

off which run to all parts of the body. There are, however, certain

points of difference between the nervous system of the Crayfish

and that of the Earthworm. These may be summarized as follows

(W. f. 92) :

(a) In the Crayfish the arrangement of the ganglia in the ven-

tral nerve cord does not correspond to the external segmentation

throughout the entire length of the body. This is particularly true

in the cephalothorax. Altogether there are 13 ganglia present

on the ventral nerve cord, and since there are 21 segments in the

body it is apparent that either several ganglia are lacking or else

there has been a consolidation of certain ones. The facts indi-

cate that a fusion has occurred in certain ganglia of the head

and thorax.

(b) In the Crayfish there are a considerable number of sense

organs present which are adapted for receiving various kinds of

external stimuli such as tactile, olfactory, auditory, and photic.

In every type of sense organ, the sensory neurons receive the

stimuli and transmit them to the central nervous system.

The cererral ganglion, lying just back of the eyes, is regarded

as the most important ganglion in the body, and constitutes the

brain of the animal, just as in the Earthworm. A number of

peripheral nerves are given off from this ganglion, which run ante-

riorly and laterally, and innervate the antennules, antennae, and
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eyes. The subesophageal ganglion gives off a number of nerves

which supply the mandibles, maxillae, and the first two pairs of

maxillipeds. The remainder of the ganglia present in the ventral

nerve cord give off branches which, in general, supply the append-

ages, muscles, and other organs lying near the region in which they

are situated. For the most part the branches arising in all these

ganglia, except the cerebral ganglion, are motor in function.

(W. f. 63.)

Sense Organs. The surface of the body is entirely covered

with the hard, chitinous exoskeleton and is not provided with

scattered sensory nerve cells as is the case in the skin of the Earth-

worm. Thus the sensory tissue in the Crayfish is largely grouped

in the special sense organs situated in the anterior end of the body.

These may now be noted.

(a) Tactile Organs. Scattered over the appendages as well as in

some other regions of the body are found many fine filaments, or

setae, which are believed to be tactile sense organs. Each of

these setae is directly connected with a tiny nerve fiber, and any-

thing which comes into contact with the setae sets up an impulse

along the attached nerve.

(6) Olfactory Organs. It is believed that certain jointed fila-

ments, which are present in small groups on the under surface of the

exopodites of the antennules have an olfactory function.

(c) Organs of Hearing or Position. Situated in the basal joint of

each antennule is a sac, the statocyst, which contains a great

number of very fine hairs distributed along two ridges. A nerve

runs into the base of the sac, and branches from it are distributed

to the neurons. Among these hairs, grains of sand (statoliths)

are commonly found, and these may be attached to the hairs. Al-

though this structure was originally thought to be a sound-receiving

organ, experimental work has apparently shown that its real func-

tion is that of equilibration. In other words, it gives the animal a

sense of position. It has been found, for example, that animals

from which the statoliths have been removed are unable to orient

themselves and, furthermore, if the sand grains are replaced by

fine iron filings, then the equilibrium of an animal can be influenced

by the use of a magnet.

(d) Organs of Sight. The Crayfish possesses a pair of eyes, each

borne on a small stalk attached, just dorsal to the antennae, near

the anterior end of the head. The eyes are very highly developed,
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and inasmuch as each one is composed of about 2500 visual units,

termed ommatidia, they are known as compound eyes. Each
ommatidium is a complicated, elongated, light-receiving structure

which is connected at the base with a branch of a nerve from the

cerebral ganglion. When this compound eye is viewed from the

front, the surface appears as a mosaic made up of a great number
of rectangular facets, each of which is the outer end of an omma-
tidium. These visual units receive light waves from a restricted

area, and so the image which the Crayfish receives is believed to be

a composite one, built up from the separate images which have

been received by the individual ommatidia.

D. General Facts of Importance

The Crayfish belongs to a large and important class of the Arthro-

poda, termed the Crustacea, included in which are such common
species as the Lobster, Crab, Shrimp, and Spider Crab. In this

connection it is interesting to note that the largest known Crus-

tacean is the Japanese Spider Crab, shown on page 101. Speci-

mens have been found which measured twenty feet across from

tip to tip of the outstretched claws of the first pair of legs. They
are found at great depths off the coast of Japan. An inter-

esting photograph is shown in the National Geographic Magazine,

page 72, vol. 54, 1928. On the other hand, many species of small

Crustacea, frequently microscopic in size, abound in extraordinary

numbers in the fresh and salt waters almost everywhere. Such

forms constitute an extremely important source of food for the

larger animal types, including the Fishes.
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XIII. INSECTS

The Insects comprise one of the chief classes of the Arthropoda,
and from many standpoints are to be regarded as one of the most
remarkable groups in the entire animal kingdom. Numerically,
about four-fifths of all the known animal species belong to the Class

Insecta. Structurally they are at once one of the most highly

specialized groups and one of the most adaptive to nearly every
niche in nature. Economically they affect almost every phase of

Man's existence, for they include some of his important allies, as

well as many of his most destructive enemies which pillage his

possessions and ravage by disease. Thus, Insects are of funda-
mental importance from many standpoints.

The structure of the Insect body presents a number of well-

defined characteristics. The body of the adult is clearly divided
into head, thorax, and abdomen. Three pairs of legs are present
on the thorax and, generally, two pairs of wings. Insects are the
only Invertebrates which possess wings. Typically the head
consists of six segments, the thorax of three segments, and the
abdomen of ten or eleven segments. The segmentation of head
and abdomen is subject to some variation. Insects as a group
possess a noteworthy and characteristic respiratory system,
adapted for air breathing, which consists of a network of fine tubes
ramifying throughout the body tissues, designed to carry oxygen
directly to the cells without the aid of the blood stream.

The extraordinary number and variety of Insect species make it

impossible to gain an adequate conception of the various types in a

general course. We shall briefly consider only two types, namely,
the Grasshopper and Honeybee, which, on the whole, have been
found most satisfactory for an introduction to this field. The
Grasshopper may be regarded as a fairly typical Insect in its gen-
eral structural and functional features. The Bee, on the con-
trary, is a very highly specialized Insect and may be said to repre-

sent the acme of Insect development. It presents a number of

extraordinary structural adaptations, a highly organized com-
munal life, and, at the same time, a considerable importance from
the economic standpoint.
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I. THE GRASSHOPPER

A. External Structure

The body of the Grasshopper, in common with that of all

Arthropods, is enclosed in a resistant chitinous exoskeletal covering,

the cuticula, which is formed as a secretion of the underlying epi-

thelial cells. The division of the body into three basic regions,

head, thorax, and abdomen, is clearly indicated. The body of the

Grasshopper consists of twenty segments, of which six constitute

the head, three the thorax, and eleven the abdomen. As previ-

ously noted in the Crayfish, the segmentation of the exoskeleton of

the head and thorax is not well-marked. We may now consider

the external structural features of these three primary body

divisions. (W. f. 54.)

1. Head

The portion of the exoskeleton enclosing the head is termed the

epicranium. Viewed from the anterior, or facial, aspect the

following arrangement of parts may be noted

:

(a) A pair of large compound eyes which protrude from either

side of the head. Each of these, as in the Crayfish, is composed

of a great number of independent visual units, the ommatidia.

Three simple eyes, or ocelli, 1 are present on the front of the head :

one near each compound eye and one in the midline between the

attachments of the antennae.

(6) A pair of relatively short, jointed antennae which are

attached to the front of the epicranium near the compound eyes,

and project anteriorly and dorsally.

(c) Ventral to the antennae a definite line marks the ventral

edge of the epicranium, and below this a portion of the exoskeleton,

known as the clypeus, is found. A broad upper lip, or labrum,

lies ventral to the clypeus.

(d) Removal of the clypeus and labrum reveals : (i) a pair of

serrated jaws, or mandibles, for grinding
;

(ii) a pair of maxillae,

each of which bears a segmented maxillary palp ; and (iii) a

lower lip, or labium, which is divided in the median line and bears

a labial palp on each side. The mouth, with (iv) a tongue-like

hypopharynx, opens back of the mandibles.

The mouth parts of the Insects as a group show a remarkable

range of variations in correspondence with the various feeding

1 Singular, ocellus.



Figure 8

Several species of the Leaf-butterfly belonging to the genus Kallima are found
in India. This Insect may be taken as a good example of the phenomenon
known as protective mimicry, numerous examples of which, as well as many
other remarkable adaptive features, may be found in the various animal groups.

In the case of Kallima the general structural features and the coloring of the

under surface of the wings, particularly in its usual resting position with the

head down, closely resemble a dead leaf which looks as if it were about to be
blown away by the first passing breeze.
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habits. In other words, the adaptation is very marked. In

general, it may be said that there are two main groups of Insect

mouth parts, with a great number of sub-varieties of each, and

these are designated as the biting type (mandibulate) and suck-

ing type (suctorial). The mouth parts of the Grasshopper as

described above are mandibulate, and are particularly adapted for

crushing the plant tissues on which this animal feeds. Those of

the Bee, which will be described in the next section, are of the

suctorial type and are particularly adapted for sucking the nectar

from flowers. However, the mandibles of the Bee are also very

well-developed and function in the manipulation of pollen grains

and wax. In the Mosquito, suctorial mouth parts, which are de-

signed solely for piercing and sucking, may be seen.

2. Thorax

The thorax of the Grasshopper, and of Insects in general, consists

of three segments, the anterior of which is termed the prothorax,

and then follow the mesothorax and the metathorax in the

order named. Each of these segments bears a pair of legs, and,

in addition, a pair of wings is found on each of the two posterior

thoracic segments. (W. f. 54.)

The exoskeleton covering the thorax is divided into a dorsal

portion (tergum), a lateral portion (pleurum), and a ventral

portion (sternum) . The tergum and pleurum are subdivided into

a number of sclerites.

Wings. The wings of the anterior, or mesothoracic, pair are

large and of a resistant leathery nature. When at rest they lie

over and protect the posterior, or metathoracic, pair. The latter

are delicate membranous structures which fold fanwise when at

rest. They are adapted for flying, and, when extended, a support-

ing framework of 'veins' can be seen ramifying throughout the

wing tissues. The wings are operated by powerful muscles which

are enclosed within the thorax.

Legs. The three pairs of legs are named in accordance with the

thoracic segment to which they are attached ; that is, the protho-

racic, mesothoracic, and metathoracic, legs. The general structure

of all is essentially the same, but the metathoracic legs are larger

than the other pairs. Each leg consists of five segments. These

are: (a) the coxa which forms the attachment with the body;

(6) the small trochanter
;

(c) the large femur which constitutes
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the main portion of the leg
;

(d) the tibia, next in size to the femur

;

and (e) the tarsus which is composed of five portions, the last, or
proximal, of which bears a pair of strong sharp claws, with a pad
of tissue, the pulvillus, between them.

The legs of the Grasshopper are adapted for maintaining a firm
position on the stems and leaves of plants. The comparatively
large size of the metathoracic femur makes possible the presence
of the large muscles which the animal uses in jumping.

3. Abdomen

The abdomen consists of eleven segments. The general external

structure of each segment is the same as previously noted in the
thoracic segments. At each end of most of the abdominal seg-

ments there is an articulation, or connection, with flexible tissue

so that a considerable degree of flexion between the segments is

possible. Not all of the abdominal segments are complete. Thus
the first abdominal segment, which is used with the metathoracic
segment, has only the tergum present, and the same is true for the
last abdominal segment. In segments ix and x there is an almost
complete fusion of the two sterna. (W. f. 54.)

The anterior abdominal segments are larger than the posterior

ones, and there is a gradual tapering off in size so that the posterior

end of the abdomen, which carries the external genital organs, is

fairly pointed. On each of the first eight abdominal segments there

is a pair of respiratory openings, or spiracles, situated laterally.

Altogether there are ten pairs of spiracles, the other two pairs

being situated on the mesothoracic and metathoracic segments.
In the female, the external genital apparatus, which is adapted

for laying eggs (ovipositor), consists of two curved plates, the
dorsal and ventral valves, project ng from the posterior end of
the body. These valves are so fashioned that they can be used
for drilling a hole in the soil into which the eggs are placed. In

the male Grasshopper, the external genital apparatus consists of

several highly specialized chitinous structures which function in

the transference of sperm to the seminal receptacle of the female.

B. Organ Systems

The general plan of the internal arrangement of the various
organ systems of the Grasshopper is essentially the same as pre-

viously described for the Crayfish.
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1. Nutritive System

The mouth lies underneath the mandibles, and from it the

small esophagus runs dorsally for a short distance, then makes

a right angle turn and runs posteriorly into the enlarged crop

which functions as a temporary storage place for food. Branch-

ing salivary glands lie beside the esophagus. They extend

anteriorly and finally open into the mouth cavity.

Posterior to the crop is a muscular grinding apparatus, the giz-

zard, or proventriculus, and behind that the thinner-walled

stomach, or ventriculus. The anterior end of the stomach is

surrounded by a number of pouch-like structures, the gastric

caeca, which are responsible for the formation and secretion into

the alimentary tract of essential digestive fluids.

Continuing posteriorly from the stomach to the anal opening

at the extreme posterior end of the body is the intestine. It

appears, for the most part, as an undifferentiated tube except near

the posterior end where it enlarges to form the rectum, just before

opening to the exterior. Mention should also be made of the

numerous thread-like malpighian turules which form a coiled

mass surrounding the intestine for some distance and open into it.

These tubules are excretory organs, and they will be described

below.

Functional. The food of the Grasshopper, consisting almost

entirely of plant tissues, is torn from the plant by the mouth
parts and after considerable shredding is passed into the mouth
cavity. Here the salivary juice, which contains a starch-digesting

enzyme, is added, and then the food material is passed on through

the esophagus and into the crop for temporary storage. The
gizzard is the next step, and after the food is sufficiently ground,

it is in a suitable condition to be digested in the stomach and
in the anterior portion of the intestine. Very important in this

connection are the enzymes in the digestive fluids secreted into the

anterior end of the stomach by the large gastric caeca.

Food materials, after being rendered soluble by the digestive

processes, are absorbed by certain of the cells lining the stomach
and intestine, while the indigestible materials are passed on through
the remainder of the intestine and egested through the anal opening.

It is important to note that the alimentary canal is, for the most
part, surrounded by a large blood cavity, or hemocoel, and it is
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the blood herein contained which receives a considerable portion

of the absorbed food materials and later transfers them to the cells

as the fluid slowly circulates through the body tissues. Another

point of interest in this connection is the large fat body, particu-

larly prominent in the larval stages, which lies in the hemocoel

surrounding the alimentary canal and which receives excess food

for storage.

2. Respiratory and Vascular System

Respiration. The Insect respiratory system, which is well-

shown in the Grasshopper, is unlike that found in any other

phylum of animals. It has as its distinctive functional feature

the direct transfer of the respiratory gases to and from the cells.

This is accomplished by means of special tubes, the tracheae
;

the external openings, or spiracles, of which are seen on the right

and left sides of the two posterior thoracic and the eight anterior

abdominal segments as previously noted. (W. fs. 54, 116.)

The Grasshopper breathes through the spiracles, and the in-

coming air, rich in oxygen, is conveyed directly to the cells in all

parts of the body by the minute tracheal branches. These are

present in such abundance throughout the tissues of the body that

all the cells are supplied. The waste carbon dioxide from the

cells is eliminated through the same system. Certain abdominal

tracheae, in close connection with the spiracles, may be enlarged

and united to form two large air sacs — one lying on either side

of the abdomen. The air sacs are particularly well-developed in

the more actively flying Insects, such as the Bee.

Vascular System. Thus in the Grasshopper and other In-

sects, the tracheal system permits a direct interchange of respira-

tory gases without the assistance of the vascular system as a trans-

portation agent, as previously observed in the Earthworm and
Crayfish. As might be expected under such a condition, the

vascular system is not so highly developed in the Insects. This is

noted particularly in the general absence of the blood vessels

(arteries and veins) which are abundantly present throughout the

tissues in animals in which the vascular system serves for the

transportation of the respiratory gases to and from the cells.

The tubular vascular system of the Grasshopper consists of a

single large contractile dorsal blood vessel, or heart, lying

close to the dorsal body wall and extending from a blind ending
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in the posterior part of the abdomen, through the thorax, to the

head region. Throughout most of this vessel there are paired

openings, or ostia, through which blood enters from the surround-

ing blood cavity (pericardial sinus). The contraction of the

dorsal vessel drives the blood to the head region where it leaves the

dorsal vessel and flows into the large general hemocoel which

occupies so much of the body space in the thorax and abdomen.

In the hemocoel, the blood moves posteriorly and ventrally, bathes

the various tissues, including the alimentary canal — from which

it receives the absorbed food materials for general distribution—
and the Malpighian tubules— to which it transfers nitrogenous

wastes for excretion. To complete the cycle, the blood, after

having been in contact with many of the body tissues, gradually

reaches the dorsal pericardial sinus and then passes into the dorsal

vessel again through the ostia.

3. Excretory System

In our previous discussion of the nutritive system, note was made
of the numerous fine, coiled Malpighian tubules lying in the abdo-

men surrounding the intestine. Each Malpighian tubule opens

directly into the intestine at the point of attachment. The other

end, which lies free in the hemocoel, is closed. The walls of these

tubules are composed of cells which are specialized for absorbing

the nitrogenous wastes from the blood in the hemocoel, which con-

tinually bathes them. The wastes thus picked up from the blood

are secreted into the cavity of the tubule, from which they pass into

the intestinal cavity and are excreted with the feces.

4. Reproductive System

In all Insects the sexes are separate. Great divergence, however,

is to be found with regard to the structural differentiation, or

sexual dimorphism, between the two sexes. Thus in some species

of Insects the structural differences between male and female are

so great that they appear to be from widely separated groups. In

others, such as the Grasshopper, the sexual dimorphism is very

slight and is marked externally only by structural differences in

the external genitals.

Male Reproductive Organs. The sperm are produced in a

pair of testes which lie above the intestine near the dorsal wall in

the third to fifth abdominal segments. The essential elements of
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the testes consist of many fine spermatic tubules, in the walls of

which the sperm develop from the localized germ cells. Con-

nected with each testis and, in fact, with each spermatic tubule,

is a larger conducting tubule, the vas deferens, which runs pos-

teriorly and enlarges to form a seminal vesicle in which the ripe

sperm, passed from the spermatic tubules, may be temporarily

stored. Near the posterior end of the abdomen, the right and left

seminal vesicles unite in the formation of a common duct which

opens to the exterior through the copulatory organ by which the

sperm are transferred to the female.

Female Reproductive Organs. The eggs are produced in a

pair of ovaries which are situated in the same relative position in

the female as are the testes in the male. Also the general plan of

structure of ovary and testis is essentially the same. Thus the

ovary consists chiefly of a compact group of ovarian tubules in

which the eggs develop. Leading from each ovary is an oviduct.

The right and left oviducts, continuing posteriorly and ventrally

from the ovaries, unite in the midline, near the ventral body wall,

to form the vagina. This opens to the exterior through the

highly specialized egg-laying apparatus, the ovipositor. Open-

ing into the vagina is the seminal receptacle, in which the

male sperm are received, and also a glandular secreting organ, the

BURSA COPULATRIX.

Functional. Eggs formed in the ovary pass down the oviducts

and into the vagina. Here they are fertilized by sperm previously

received from the male and stored in the seminal receptacle. Two
membranes are secreted around each fertilized egg, and it is then

ready to pass from the female. The female Grasshopper lays the

fertilized eggs in a hole in the ground. This she drills very readily

by means of the beautifully adapted ovipositor mentioned above.

The number of eggs deposited at one time varies, but there may
be as many as 35. The fertilized eggs placed in the ground in the

fall remain there undergoing development until the following

spring when well-formed, but immature Grasshoppers hatch from

the eggs and force their way to the surface, where in a short time

they become active feeding individuals.

Metamorphosis. Insects, with the exception of a few primitive

species, pass through a series of three or four life stages during

their development. This is known as metamorphosis. The
higher types of Insects, as we shall see later in the Bee, have four
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life stages, namely, egg, larva, pupa, and adult. This is known

as complete metamorphosis, and such Insects are said to be holo-

METAROLOUS.

In many other groups of Insects, including the Orthoptera to

which order the Grasshopper belongs, there are three life stages,

namely, egg, nymph, and adult. This is known as incom-

plete metamorphosis, and such Insects are said to be hetero-

metarolous.

Egg. The egg of the Grasshopper is heavily yolked so that an

adequate supply of food for the developmental stages is provided.

The yolk lies in the center of the egg with a layer of cytoplasm

surrounding it. It is this outer layer that divides rapidly fol-

lowing fertilization, utilizing the stored food material, and gradu-

ally developing to form the highly differentiated Insect. The

egg is completely enclosed in two membranes which remain

intact until the embryo is ready for independent action, when it

breaks through them, or hatches. The inner membrane is known

as the vitelline memrrane, and constitutes the true cell wall

of the egg. The outer one, the chorion, is a resistant structure

secreted by the follicle cells of the ovary which surround the im-

mature egg cells.

Nymph. The immature Grasshopper, or nymph, which hatches

from the egg, is quite close to the adult in most of its structural

features, but is considerably smaller ; the relative proportions of

the various parts are somewhat altered as compared with the adult,

the wings are lacking, and the gonads are undeveloped. The

nymphs feed and grow rapidly, but, as is the case in all the

Arthropods, general increase in size is restricted by the unyielding

outer exoskeleton, and so they shed this covering periodically, and

form a new one 'a size larger.' Several molts, usually four, occur,

and with each one the nymph shows an increase in size and a

gradual development to the adult condition. The wings gradually

develop from external wing pads, and at the final molt, which

ushers in the adult stage, they are fully formed.

Adult. This is the stage of sexual maturity, and typically in

Insects is a flying stage. No further increase in size occurs al-

though the adult Grasshopper, as well as the nymph, feed vora-

ciously on plant tissues. Mating occurs, and the fertilized eggs are

laid in the ground for development as noted above.
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5. Nervous System

The nervous system of the Grasshopper is closely similar in its

general structural features to that in the Crayfish where, it will be

remembered, there is a reduced number of ganglia on the ventral

nerve cord so that they do not exactly conform to the body seg-

mentation.

The ventral nerve cord of the Grasshopper lies in a median line

close to the ventral body wall. The double nature of the cord is

clearly evident except at the points where the ganglia are present.

Altogether there are ten ganglia present, two of which are in the

head, three in the thorax, and five in the abdomen. Of these, the

cerebral ganglion, which constitutes the brain of the animal, is

the largest and possibly the most important. The third thoracic

ganglion is also very large and of great importance in the innerva-

tion of the wings and the last two pairs of legs.

Sense Organs. In general, the sense organs of all the Insects

are much the same and accordingly we shall consider them in con-

nection with our study of the Bee, in which they are very highly

developed. However, mention at this point should be made of the

organs of hearing in the Grasshopper which are particularly well-

differentiated. A pair of these organs is present on the first seg-

ment of the abdomen, one on each side of the body. Each 'ear'

consists of an oval-shaped plate, or tympanum, which is embedded
in the body wall at the surface. Underneath the tympanum is a

small pit with sensory cells from which a nerve extends to the third

thoracic ganglion. Stimuli arising from the vibrations of the tym-
panum are transmitted over the nerve to the ganglion.

II. HONEY BEE

A. External Structure

In an active colony, or hive, three types of Bees are found which

differ both in their structure and in their functions to the colony

as a whole. There are several hundred fertile males, the drones,

one fertile female, the queen, and several thousand infertile

females, the workers. In the fall when the active period of the

colony is over for the season, the drones are expelled from the hive

and die, so that only the workers and the queen remain in the hive

throughout the year.
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The body of a Bee, consisting of the head, thorax, and ab-

domen, is entirely enclosed by the cuticula which is formed as a

secretion by a layer of cells lying just underneath. This chitinous

layer is quite rigid and affords protection and support for the

enclosed living tissues of the animal. It is comparable to the

exoskeleton of the Crayfish and Grasshopper.

The external structure of the worker is somewhat different from

that found in either the drone or the queen. The body of the

drone is noticeably larger than that of the worker, and has a

broad, heavy abdomen which lacks a sting. The eyes are very

large. The body of the queen resembles that of the worker in

general contour, but it is larger and the abdomen is more elongated.

The metathoracic legs of the queen and drone are also slightly

modified. We may now consider in detail the various structural

features as found in the worker. (W. fs. 214, 216.)

1. Head

It is generally believed that the head of the Bee is composed

of six segments. However, the segmentation even in the em-

bryonic condition is not entirely clear and, in the adult, segmental

lines are not present. Attached to the head are several highly

specialized structures and appendages which may be summarized

as follows (W. f. 215) :

(a) A pair of large compound eyes which protrude from either

side of the head. These are essentially similar in structure to those

noted in the Grasshopper. Three other tiny, simple eyes (ocelli)

are situated near the median line of the 'forehead.'

(b) A pair of antennae which are attached to the anterior

surface of the head and project forward and ventrally. They are

jointed structures which serve as very important sense organs.

(c) A dome-shaped portion, the clypeus, of the anterior wall of

the head, which lies just below the points of attachment of the

antennae. The upper lip, or labrum, is attached to the lower

edge of the clypeus.

(d) Below the labrum is an unpaired, fleshy structure, the

epipharynx, which is apparently an organ of taste.

(e) A pair of jaws, the mandibles, which are attached, one at

either end of the labrum. The mouth opens between the mandi-

bles. When closed, the mandibles lie over the labrum and epi-

pharynx so that these structures cannot be seen when the head is
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viewed from the front. When open, the mandibles project ven-

trally and disclose the underlying structures.

(/) Projecting below the mandibles and attached to the ventral

surface of the head is the prominent feeding organ, or proboscis,

composed of several separate structures, namely : (a) a long,

median, flexible tongue (glossa) with a spoon-like tip (label-

lum)
; (b) a pair of jointed labial palps which lie next to the

tongue ; and (c) a pair of maxillae situated lateral to the labial

palps.

The mouth parts of the worker are used in many ways, and their

structure is such that they are adapted for sucking nectar from

flowers and for chewing solid materials, such as pollen grains and
wax. The Bee, in collecting nectar from flowers, brings together

the maxillae and the labial palps, lying on either side of the tongue,

to form a tube which encloses the tongue, and in which the latter

can be moved back and forth. The drops of nectar are first col-

lected on the hairs which cover the tongue. Then they are forced

upward by the movements of the tongue and by suction from the

pharynx.
2. Thorax

The thorax consists of three segments, each of which bears a

pair of legs. These are known, beginning anteriorly, as the

prothoracic, mesothoracic, and metathoracic segments. The
paired legs are named in accordance with the segment to which

they are attached. The mesothoracic and the metathoracic seg-

ments each bears a pair of wings in addition to the pair of legs.

The wings consist of a thin, secreted, chitinous material supported

by tubular, vein-like structures. The two wings on the same side

of the body may be fastened together by means of a row of hooks

which are present on the anterior margin of the hind wing, and
which can be inserted in a receptacle on the posterior margin of the

anterior wing. When the Bee is flying, the wings are widely

extended. When at rest, the wings are drawn close to the body
on each side. Both the wings and the legs are operated by very

powerful muscles which lie in the thoracic cavity. (W. f. 216.)

Structure and Functions of the Legs. The three pairs of

legs of the Bee are beautifully adapted for the various necessary

types of work. They are, indeed, to be ranked among the most
remarkable structures that are found in the Insects, or for that

matter in any other group of animals. The fundamental structure
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of the Bee's legs is typical of Insect legs in general, such as we have

seen in the Grasshopper. Each consists of five segments, which,

beginning with the one attached to the body, are named as follows :

coxa, trochanter, femur, tibia, and tarsus ; the last is itself

made up of five parts, the first of which is known as the basitarsus.

The coxa and trochanter are comparatively small and lie close to

the body; the femur, tibia and tarsus, therefore, comprise the

major portion of the leg.

Prothoracic Legs. The femur and tibia are covered with charac-

teristic long branched hairs, a few of which may also be found on

the coxa and trochanter. These hairs aid in gathering pollen. On
the outer surface of the tibia, just above where it joins with the

tarsus, is a stiff brush of curved bristles, known as the pollen

brush, which is used to brush the loose pollen grains. Attached

near by, to the inner side of the tibia, is a flattened, movable, spine-

like structure, the velum, which somewhat resembles in shape the

blade of an old-fashioned razor. The velum joins with a crescent-

shaped indentation, known as the antenna comb, on the inner

side of the first joint of the tarsus, which contains a number of

toothed structures as in a comb. The velum and the antenna comb
form the antenna cleaner. The antennae, held in place by the

velum, can be drawn through the curved antenna combs and

cleaned in this way. On the outer edge of the large first joint of

the tarsus, there is a fringe of stiff bristles which project a con-

siderable distance beyond the surface of the leg. These bristles

constitute the eye brush. The latter is used to brush the hairs

which project in considerable numbers from the surface of the

large compound eyes, and thus dislodge any foreign particles that

may be lying among them. The next three joints of the tarsus are

small and similar in structure, but the last joint is so fashioned as

to enable the animal to cling to various types of surfaces. On this

joint of the tarsus there is a pair of bilobed claws which bear tactile

hairs. Between the claws is a comparatively large, fleshy struc-

ture, known as the pulvillus. This organ is glandular, and

from it a sticky liquid is secreted which enables the animal to cling

to a smooth surface. (W. fs. 216, 217.)

Mesothoracic Legs. On the distal end of the tibia, near the union

with the tarsus, there is a long pointed spine, the pollen spur. It

occupies about the same position as does the velum on the pro-

thoracic leg. This structure is used to dislodge the pellets of
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pollen from the pollen baskets located on the metathoracic legs. A
pollen brush is also present. The tarsus of the mesothoracic leg,

however, lacks both the antenna comb and the eye brush.

Metathoracic Legs. This pair of legs possesses a number of

interesting adaptations. The tibia is modified to form a large

cavity, the pollen basket, which runs the entire length of the

segment. It consists of a depressed area on the outer surface, in

which the pollen is placed. The pollen is held there by hairs

which arise on the edges of the tibia and which curve over the

edges of the underlying depression in such a way as to keep the

pollen grains firmly in position. The distal end of the tibia,

where it joins with the tarsus, has a series of spines which consti-

tute the pecten. These fit into a special structure, the auricle,

on the proximal edge of the tarsus. On the inner side of the basi-

tarsus are the pollen combs, which consist of several rows of

regularly arranged bristles. The latter are used to hold some of

the pollen before it is transferred to the pollen basket.

3. Abdomen

Although the abdomen of a typical Insect consists of ten or

eleven segments, the external divisions of the exoskeleton in the

Bee show only six. Each segment consists of an enclosing band
of the chitinous exoskeleton which, when seen in a transverse

section, shows the same general plan of structure as is found in the

abdominal segments of the Grasshopper, with a dorsal plate, or

tergum, and a ventral plate, or sternum. The separate exoskel-

etal rings are connected and articulated with each other by the

flexible end tissues so that a considerable movement may be
brought about by the action of the abdominal muscles. The
sterna on the four posterior segments possess a pair of ventral

openings which are connected with the internal wax glands, and
through which the wax is secreted.

At the extreme posterior end of the abdomen, enclosed within

the body wall, is a very complex organ for defense, the sting.

There is an elongated, chitinous rod, the sheath, and a pair of

darts with saw-toothed edges, one of which lies on either side of the

sheath. Laterally, there is a pair of fleshy, hair-covered structures

provided with sense organs, the feelers. The feelers locate a fa-

vorable region on the animal that is being attacked, and then the

sheath with the darts is forced down into the tissues at the spot
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selected. There are large muscles, attached to the proximal end of

the sheath structure and also to the abdominal wall, which, by

their contraction, bring about the movement of the sheath and

darts. When the darts have been forced into the tissues, there is

an injection through them of poisonous material. The latter is

formed in convoluted, tubular structures, the poison glands,

which secrete the poison into an enlarged portion of the tube,

known as the poison sac. From the sac a tube leads down along

the sheath. The poison is composed of an acid and an alkali, each

being secreted by a definite region in the poison glands. It is

stated that it is generally fatal for the Bee to use the sting, for

when the darts and the sheath have been forced into the tissues of

the other animal, it is very rarely that they can be dislodged with-

out tearing off the posterior end of the abdomen of the Bee. (W. f,

218.)

B. Organ Systems

The general plan of arrangement of the various organ systems

of the Bee is fundamentally the same as described in the study of

the Grasshopper.

1. Nutritive System

The tubular alimentary canal is differentiated to form a number

of interesting structures and is adapted for the intake of both

liquid and solid foods. Connecting with the mouth cavity is the

esophagus which is a small, undifferentiated tube running from

the mouth entirely through the thorax and into the anterior end

of the abdomen. Here it enlarges to form the crop, or honey sac.

By means of this organ the Bee is able to store temporarily a con-

siderable quantity of nectar. When the hive is reached, the nectar

in the honey sac is regurgitated and placed in the cells to form

honey as described below.

At the posterior end of the honey sac there is a short, stalk-like

connection (proventriculus) which leads into the true stomach

(ventriculus) . The proventriculus contains four lips which are

regulated by special sets of muscles to open and close them as

needed. The stomach is lined with a layer of endodermal cells

which secrete the digestive enzymes. Other cells in this lining

layer are absorptive, and a certain amount of the digested food is

absorbed from the stomach by them and passed into the blood

stream. The unabsorbed, partially digested food passes from the
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stomach into the small intestine. This organ is much smaller in

diameter, but the walls have the same general structure as those of

the stomach. Here the remainder of the food is digested and
then passed into the blood. The small intestine enlarges pos-

teriorly to form the rectum which opens to the exterior on the

last abdominal segment.

2. Respiratory and Vascular Systems

The respiratory organs of the Bee consist of a complex system

of thin-walled air tubes, or tracheae, which ramify through the

body tissues. These tracheal tubes open to the exterior through

ten pairs of breathing apertures, or spiracles, which are situated

on the right and left sides of certain of the thoracic and abdominal
segments. There are three pairs of spiracles on the thorax and
seven pairs on the abdominal segments. The first two pairs on the

thorax and the last pair on the abdomen are hidden from view by
overlapping portions of the body wall. The spiracles open inside

the body into the longitudinal tracheal trunks which extend

along either side of the body, and from which the finer ramifying

tracheae arise. In the anterior end of the abdomen, the tracheal

trunks are very large and constitute definite air sacs, which, when
filled with air, are supposed to aid the Bee in flight by lowering

the specific gravity of the animal. There is a definite expansion

and contraction of these air sacs, possibly corresponding some-

what to the respiratory movements of the higher Vertebrate ani-

mals.

This method by which the Insect tissues obtain their supply of

oxygen is very efficient. The air containing oxygen comes into

direct contact with the body tissues. There is, therefore, no need

for a supplementary system to transport the oxygen to the cells,

such as is found in the circulatory systems of other animals. As
might be expected from this, the vascular system of the Insect does

not show so great a development of the closed vascular system as

in some of the less complex animals, such, for example, as the

Earthworm, but opens freely into large sinuses and connecting

channels which occupy considerable portions of the body spaces.

The only blood vessel in the Bee is the dorsal blood vessel,

which extends almost the length of the body in a median line

just below the dorsal body wall. The posterior part of this vessel,

lying in the abdomen, is differentiated to form the heart. The
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latter consists of a linear series of four muscular compartments,

known as the ventricles, each of which possesses a pair of open-

ings, the ostia. The heart lies in a blood space, the pericardial

sinus, and the general relations between these structures are simi-

lar to those observed in the Grasshopper. The dorsal vessel, of

which the heart is a modified portion, continues posteriorly a short

distance from the heart and finally ends blindly in the abdomen.
Anteriorly this vessel passes into the head region where it gives off

the blood to the tissues.

The course of the circulation of the blood is as follows. The
blood which has been received in the pericardial sinus passes into

the heart through the paired ostia. By the contraction of the

muscular walls the blood is driven anteriorly through the dorsal

vessel. It passes from the latter in the head region ; then moves
posteriorly and ventrally after bathing various body tissues, and
finally reaches the large ventral sinus, from whence it is carried

dorsally through special channels into the pericardial sinus.

3. Excretory System

The excretory system of the Bee consists of a considerable num-
ber of long filamentous tubules, all of which open into the intestine

near its anterior end. These are known as the malpighian
turules. The specialized cells in these tubules come into close

contact with the surrounding blood, and are able to take the

liquid waste products from the blood. These liquid excreta,

instead of leaving the body in a liquid form by special ducts, are

passed into the intestine. Thus the intestine serves not only as

an organ for the egestion of indigestible materials, but also as an
organ for the excretion of metabolic wastes.

4. Reproductive System

Male Reproductive Organs. The male reproductive organs

of the drones consist essentially of a pair of testes. These organs

are made up of a great number of fine, coiled tubes, the spermatic
turules, in which the sperm develop. In a testis, the spermatic

tubules all connect at one end with a much larger coiled duct, the

vas deferens, and this in turn empties into a still larger uncoiled

portion, the seminal vesicle. Each seminal vesicle opens into a

glandular structure, designated as the accessory gland. The
glands from each side unite, and from this union the common



INSECTS 131

ejaculatory duct arises which leads to the exterior through the

copulatory organ. The mature sperm, after passing from the

testis through the vas deferens, may be stored for a time in the

seminal vesicles, but eventually they pass on into the accessory

gland where they are mixed with a secreted fluid. They are then

ready to be passed out of the body of the male and transferred

to the seminal receptacle of the queen.

Female Reproductive Organs. Fully developed female re-

productive organs are found only in the queen. The essential

organs are a pair of large ovaries in which eggs develop. The

ovaries fill a large part of the abdominal cavity and contain eggs

in various stages of development, the general arrangement being

such that the most mature eggs are situated toward the posterior

end. The eggs are carried away from each ovary by a short

straight tube, the oviduct. The oviducts from each side unite to

form a common tube, the vagina, and opening into the latter is

the seminal receptacle, which contains sperm received from a

male during the nuptial flight. The vagina opens to the exterior

at the posterior end of the abdomen, near the sting. It is known

that the queen can lay two kinds of eggs : (1) unfertilized eggs,

which develop into drones, and (2) fertilized eggs, which de-

velop either into another queen, or into the sexually undeveloped

workers. It is not known how this process is regulated.

5. Development of the Bee

When a colony of Bees becomes so large that the hive is crowded,

a new queen is developed as described in the next section. Later,

when the young queen has reached sexual maturity, the old queen

leaves the hive, accompanied by considerable numbers of followers.

This is known as swarming. The swarm eventually finds a

suitable place in which to establish a new colony, and the routine

of hive life again begins. Shortly after this the young queen

emerges from the old hive and performs her nuptial flight

during which mating occurs high in the air with one of the drones.

Returning to the old hive, the young queen is supplied with food

by the workers and becomes practically an egg-laying machine.

Each day she lays a considerable number of eggs, most of which

are fertilized. The eggs are deposited by the queen in cells built

by the workers, and there the eggs develop : the fertilized ones

into workers, and the unfertilized into drones. The early devel-
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opment of the egg of a Bee is similar to that of the Grass-

hopper.

Metamorphosis. Before finally reaching the adult condition,

Insects typically pass through a regular series of developmental

stages, two types of which may be noted : (1) incomplete met-

amorphosis, such as was noted in the case of the Grasshopper,

and (2) complete metamorphosis, which occurs in the higher

orders of Insects, including the Hymenoptera to which the Bee
belongs. The four stages in the metamorphosis of the Bee are

known as the egg, larva, pupa, and adult. They may now be

considered in the order named. The eggs, which are laid by the

queen in specially prepared cells, are small, oblong bodies of a

rather grayish color. After a few days there develops from each

egg an elongated, worm-like organism, the larva. The larva,

corresponding to the nymph stage of the Grasshopper, is the feeding

stage, and during the early part of this period the embryos are

supplied with a highly nutritious brood food which is formed by the

workers as a secretion from well-developed pharyngeal glands.

Later a mixture of pollen and honey constitutes the food of the

worker-larvae. Certain of the workers serve as nurses for the

larvae, and see to it that the latter are supplied with a plentiful

amount of food. The larval period lasts about five or six days,

during which time the young embryo increases a great many times

in size. Since the exoskeleton of a larva is chitinous and rigid, it is

necessary that this be shed periodically and replaced with a larger

size as growth proceeds. This molting, which takes place five times

while the young Bee is in the larval stage, is of the same character

as in the other Arthropoda.

At the end of the larval period, when a certain size has been

reached, each embryo proceeds to spin a cocoon around itself.

The cocoon is formed by the secretions of certain specialized spin-

ning glands which open near the anterior end of the body. The
secretion, which is given off as a liquid, soon hardens, and the

young Insect thus encases itself in a silky covering, the cocoon.

The final (fifth) larval molt then occurs which inaugurates the

'resting' pupa stage. No food is eaten during this time, and the

animal inside the cocoon is practically rebuilt. The result is

that the elongated worm-like larva is metamorphosed into the

adult flying Insect. This remarkable process of metamorphosis

takes about thirteen days for the workers and drones, but con-
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siderably less for the queen. When the metamorphic changes have

been completed, a substance is secreted by the pupa which dis-

solves a portion of the cocoon and permits the adult to emerge.

In many Insects the adult condition lasts only a short time. It

has as its chief function the reproduction of the species. No
growth occurs in either the pupa or adult stages.

The process of egg laying and development continues until the

hive becomes overcrowded. When this occurs the workers con-

struct one or more queen-cells, and a fertilized egg is deposited in

each by the queen. It is known that a larva which develops from

one of these eggs is fed by the workers with a much richer type

of food than are the other larvae. Apparently as a result of this

the embryo, instead of becoming a sexually immature worker, de-

velops into a sexually mature queen.

6. Nervous System

The nervous system shows a great similarity to that previously

noted in the Crayfish and Grasshopper. Altogether there are nine

ganglia in the central nervous system of the Bee. Two of these

ganglia are located in the head, two in the thorax, and five in

the abdomen. The first, or cerebral ganglion, constitutes the

brain and is situated in the head above the esophagus. It is

really a very highly developed nerve center — a true brain. Vari-

ous branches are given off from it which run to the sensory organs

of the head, particularly to the eyes. Lying in the head, below

the esophagus, is the subesophageal ganglion, which is also

an important center. The nerves of this ganglion innervate a

number of the mouth parts. Of the two thoracic ganglia, the

posterior one is much the larger and gives off nerves which inner-

vate both pairs of wings and also the mesothoracic and meta-

thoracic legs. The prothoracic legs are innervated by nerves from

the anterior thoracic ganglion. Of the five abdominal ganglia,

the posterior one is very important in that it innervates the genital

organs and the sting.

Sense Organs. The Bee possesses a number of sense organs

which are of a high type and capable of receiving various kinds

of stimuli from the environment. (W. f. 215.)

(1) Tactile Organs. For the sense of touch, the Bee possesses

hair organs which are essentially fine projecting hairs of various

sizes and shapes. They have their origin in the underlying sense
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cells which, in turn, are connected by nerve fibers to the central

nervous system. These sensory hairs are present in great numbers

near the tip of each antenna.

(2) Organs of Taste and Smell. Although the experimental evi-

dence is not conclusive, it is generally held that the senses of taste

and smell are located in tiny surface depressions, or pits, known as

the sense pores, which are present on the base of each antenna,

on the mandibles, and on various head regions. Sense organs of

this same structural type and which presumably function in the

same way are also found on the legs, the bases of the wings, and

the sting. Each of these depressions is connected with the central

nervous system by a nerve fiber which begins in a special sensory

area at the base of the cavity.

(3) Other Sense Organs on the Antennae. It is known that there

are at least seven different kinds of sensory end organs localized

on each antenna of the Bee. It is clearly apparent therefore

that various types of external stimuli must be received by these

end organs. Of one kind of end organ alone, the sense plate,

there are about 2500 on the antennae of the queen, 5000 on the

worker, and 30,000 on the drone ; while the total number of sen-

sory nerve cells present in one antenna of the drone has been

estimated at 500,000. It is, of course, a very difficult problem to

determine the exact location on the antennae of any particular

sense reaction.

(4) Organs of Sight. The Bee possesses two large compound

eyes, one on either side of the head, and three simple eyes, or

ocelli, which are situated on the dorsal wall of the head, close to

the median line. The compound eyes are similar in structure to

those found in other Arthropoda. Each eye is made up of several

thousand independent visual units, the ommatidia. Projecting

from the surface of the compound eyes, and arising from between

the ommatidia, are a large number of hairs which apparently are

protective in function. Pollen grains and other debris, which

lodge between the hairs, are removed by the eye brushes on the

prothoracic legs, the structure of which has already been noted.

The ocelli are regarded as simple eyes because each consists of one

visual unit which is believed to be similar in function to a single

ommatidium of the compound eye. Both the compound eyes and

the ocelli are innervated by nerves connecting with the cerebral

ganglion.
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C. Activities of the Workers

Whereas the queen and the drones are concerned only with
reproduction, there are many essential activities of the colony
which are carried on by the workers. These activities include the
building of the honeycomb, the gathering and preparation of pollen
for food, the collection of the nectar from the flowers, the manu-
facture of honey from the nectar, and the general care of the hive.
The latter comprises the cleaning, warming, ventilation, and
guarding of the hive as well as painting the interior with bee
glue which is secured from various plants. It is believed that
the workers also determine when a hive is getting overcrowded.
If such occurs, they construct the special queen-cells, noted above,
in which the new queens are developed. In the collection of
various substances from the flowers, the worker Bees incidentally
transfer pollen from one plant to another, thereby bringing about
cross pollination which, at least in many cases, is essential for the
plants. (W. f. 219.)

We may now discuss some of the activities of the workers in
more detail. When it is desired to form wax for building the
comb, the Bees eat a great deal of honey and then remain quiet for
a time, hanging in great numbers from the top of the hive. The
honey is digested and assimilated, and a large part of it then used
in the formation of the wax which is secreted by wax glands.
These are located on the sterna of the last four abdominal seg-
ments. The wax flakes thus formed are removed from the wax
pockets and then mixed with saliva and kneaded by the mandi-
bles. When the proper consistency has been attained, it is de-
posited in just the right place in the comb which is under con-
struction. The cells which compose a honeycomb are generally
six-sided. It is a question as to whether these cells, when first

formed by the Bees, are hexagonal or circular. Some authorities
believe the latter to be the case, and that the six-sided cell arises as
a result of the equal pressure of the surrounding cells.

The cells in a honeycomb are named, in general, according to the
use which is made of them. As generally described there are six

types of cells, as follows : queen-cells, drone-cells, worker-
cells, HONEY-CELLS, TRANSITION-CELLS, and ATTACHMENT-CELLS.
The largest of these are the queen-cells. The drone-cells are the
next in size, and the smallest cells of all are the worker-cells. The
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honey-cells and the worker-cells are practically the same size and

both of these types may be used for storing the honey. The

attachment-cells are irregular in shape, and serve to attach the

mass of the honeycomb to the sides of the hive.

The workers obtain various substances from the flowers. In

the first place, they collect the nectar which is secreted in a liquid

form at the base of the flower. This is secured by the long tongue

in connection with certain mouth parts as previously described.

It is taken into the body and temporarily stored in the honey sac.

When the hive is reached the nectar is regurgitated and placed in

the cells. These are not capped at once, and certain workers, by

the vibration of their wings, cause the evaporation of a considera-

ble part of the water in the nectar leaving a concentrated syrup

which is honey. The flavor of honey depends upon the flowers

from which the nectar was collected. Some of the flowers which

supply the nectar for the best honey are those of White Clover,

Buckwheat, and Alfalfa.

In addition to the nectar for honey manufacture, the Bees

gather great quantities of pollen which constitutes one of their

principal foods. Pollen is rich in nitrogenous compounds which

are not present in the honey, and it is therefore necessary that the

Bees have it as the basis of their food. Another material that is

collected from various trees is bee glue, or propolis, which is a

gummy, resinous substance. The Bees use it to cover the in-

terior of the hive and to fill the cracks.

There are various matters of sanitation that must be looked

after if a hive is to be kept in a healthy condition. This is due

to the fact that there are so many Bees living in close quarters.

Any waste materials or dead animals are removed by workers

which are delegated for that purpose. Fresh air must also be sup-

plied. This is accomplished by certain of the workers who stay

at the entrance of the hive and draw in a current of fresh air by

keeping their wings in motion. Other workers act as sentinels at

the entrance and so guard the hive.

III. INSECTS IN GENERAL

A. Polymorphism in Insects

In the study of the Bee it has been seen that a certain amount
of structural differentiation exists between the queen and the
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workers, both of which are potentially female animals. Such dif-

ferentiation existing between the different members of the same
species constitutes a type of polymorphism. This phenomenon is

shown to the greatest degree in certain species of the Ants, in

which the polymorphism, just as in the Bee, is exhibited for the

most part by the female individuals. Thus there are commonly
found in an Ant colony the sexually mature queen and a series of

sexually immature female animals, such as the large and small

workers, soldiers, and various intermediate forms. The structure

of these forms has become variously modified so that they are

better adapted for their particular functions. For example, the

mandibles of the soldiers are large and powerful.

Many other species of Insects are found associated with Ants
in their nests as guests, parasites, etc. An interesting example of

this condition is figured in the Frontispiece. In this case, a worker

Ant (Lasius), having returned to the nest from a successful forag-

ing expedition, is shown in the process of feeding another worker

a drop of the collected nectar by regurgitation. A tolerated guest,

the primitive Insect, Ateleura, is near at hand waiting for a chance

to secure the food for itself.

B. Economic Importance of the Insects

It would be hard to overemphasize the economic importance of

this amazing group of animals. Thus it has been estimated that

the annual losses in the United States alone, due to the destruc-

tion of plant and animal products on the farms by various species

of Insects, amount to more than three-quarters of a billion dollars.

It is usually during the larval or nymph stage of Insects that

damage is done to vegetation. In general the eggs of an Insect

are laid upon the material best suited for the larvae to feed upon.

In many cases as, for example, in the Moths, the eggs are attached

to the leaves of plants, and when the larvae hatch, they immedi-

ately begin to destroy the leaves. If they are present in sufficient

numbers, as frequently happens, the tree will be stripped of its

foliage and in many cases actually killed. (W. f. 262.)

The estimate of Insect depredations given above does not

include the incalculable losses sustained by the human race as the

result of insect-borne diseases. The germs of such diseases are

sometimes carried externally, attached to various parts of the body
as, for example, in the case of the common House-fly which may
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spread typhoid, tuberculosis, and other serious diseases in this

manner ; or in many cases the Insect may carry the germs of the

disease internally and transmit the latter by injecting the germs

directly into the body of the victim as, for example, in a certain

species of the Mosquito which transmits Malaria in this manner.

(W. pp. 339-342.)

On the other hand, it should be noted that there are a number

of species of Insects, such, for example, as the Honey Bee, the

Lac Insect, and the Silk Worm, which contribute very materially

to man's welfare. Commercially the most important is the Silk

Worm, and it is from the cocoon of this animal, spun at the end

of the larval period, that the silk of commerce is obtained. This

is done by unwinding the silky thread which makes up the cocoon,

after having first killed the pupa by placing in boiling water. It is

stated that the length of thread that may be unwound from an

average cocoon is 1526 feet, or somewhat more than one-fourth of a

mile. The larvae of many other Insects spin a cocoon, but the

' silk ' is without value either because it is not of good quality or

because it cannot be unwound. (W. f. 267.)
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XIV. CLAM

The Mollusca constitute a large important, and structurally

aberrant phylum of Invertebrate animals which includes such

commonly known forms as the Clam, Oyster, Snail, Slug, Squid,

and Octopus. These animals, although notably complex, exhibit

in their bizarre adult organization very few morphological features

by which they can be closely linked to any other group of animals.

Like the Sponges and the Echinoderms, they apparently portray

a comparatively isolated structural arrangement. Furthermore
the differences between various members of the phylum are unusu-

ally marked. This fact may be noted when one compares, for

example, the structure of the sedentary Clam with that of a

free-swimming Squid. All Molluscs, however, are triploblastic

;

they show no evidence of segmentation in the adult condition, and
the coelom is greatly reduced. Bilateral symmetry is present to a

greater or less degree. Two characteristic molluscan features are

present in some form or other in most species, namely, a muscular

structure, known as the foot, and a calcareous shell.

The study of a representative of the Mollusca is important,

not only because of the unique structural features which are there

shown, but also because of their importance from the economic

standpoint. A great many species, such as the Oyster and Clam,
are edible. The shells of some species, such as the fresh-water

Mussel, are the basis of the pearl button industry, and true pearls

are also formed by Molluscs. Altogether the income from the

shellfish industries amounts to many millions of dollars annually.

A, External Structure

For our present study, either the common, marine Hard Clam,
or Quahaug (Venus), or the fresh-water Mussel (Unio or Anodonta)

,

may be used. All these forms are very similar in general structure.

The Clam is enclosed in a secreted shell, largely composed of

calcium carbonate. The shell is made up of a right and left half,

each of which is spoken of as a valve. The Clam and other Mol-
luscs which have two valves are commonly designated as ri-

139
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valves, in distinction to other types of Molluscs, like the Snails,

in which the shell is single and which, therefore, are termed uni-

valves.

In the Clam, the two valves are hinged together along one edge

which is regarded as the dorsal surface of the animal. Definite

lines of growth in the form of concentric ridges can be noted on

the surface of the shell. These lines radiate from an elevated por-

tion, or beak, of each valve, known as the umbo, which typically

points toward the anterior end of the animal. From these lines of

growth the age of the animal at various stages during its develop-

ment can be definitely determined. Holding the Clam with the

hinged, or dorsal, side up and with the umbo, or anterior, end

pointing away, we are able definitely to orient the animal and

designate the right and left valves.

The two valves of the shell are connected inside by two large

internal muscles, one of which is situated near the anterior end

(anterior adductor muscle) and the other in the same relative

position near the posterior end (posterior adductor muscle).

These two muscles are very strong and are attached directly to the

two valves, so that when the muscles are contracted the valves are

drawn tightly together. In opening a Clam, the point of a knife

blade can be inserted between the valves at some point along the

ventral edge, and the adductor muscles cut. When these muscles

have been cut the valves will spring apart somewhat, owing to the

action of certain ligaments in the hinges. (W. f. 49.)

B. Organ Systems

Both valves of the shell are lined, except at the extreme

edges, by a thin secreting tissue, known as the mantle. With

care the mantle can be separated from the inside of the shell,

detached along the dorsal surface, and thus all the internal organs

of the Clam, enclosed within the two folds of the mantle, can be

removed from the shell. Or, stated in another way, the internal

organs of the Clam may be said to be enclosed by, first, a heavy

external shell and, second, a thin internal layer of living tissue,

the mantle, which lies just within and attached to the shell. The

cells of the mantle tissue form the shell as a secretion, and the

concentric lines of growth indicate the successive positions of the

secreting surface of the mantle.

The internal structure of the Clam can be studied to advantage



Figure 9

This drawing shows several marine animals growing on a wharf piling, and
the free-swimming Squid, a highly developed Mollusc, in the water at the

lower left. Attached to the piling in the center are several black-shelled

Molluscs (Mytilus), above which is a Tunicate, Molgula. The stalked Tuni-

cate (Ciona) is shown below. Amaroucium, a colonial Chordate, is attached

to the right of Mytilus. The Coelenterate, Obelia, projects to the left above
Mytilus ; and Pennaria, at the lower right-hand corner. Adapted from a

group at the American Museum of Natural History.

Ill
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by carefully removing the left valve of the shell, together with the

left fold of the mantle. This discloses the various organs of the

body, which consist of the visceral mass, gills, and foot. All

these lie in the space between the folds of the mantle, termed the

mantle cavity. At the posterior end of the animal, the edges of

the mantle form two definite openings, the inhalent siphon and

the exhalent siphon, through which a current of water enters

and leaves the mantle cavity. (W. f. 49.)

The visceral mass, composed of a number of organs which will

be considered in detail later, lies between and somewhat dorsal to a

line connecting the prominent anterior and posterior adductor mus-

cles which were cut through in removing the left valve. Ventrally

the visceral mass merges into the heavy muscular foot. The

latter is an organ of locomotion which may be protruded between

and beyond the ventral edges of the valves. A pair of gills is

present on each side of the visceral mass. They are attached

dorsally and hang down into the mantle cavity, reaching almost

to the edge of the mantle.

1. Nutritive System

The mouth opening is at the anterior end of the body and lies

just posterior to the anterior adductor muscle. Surrounding the

mouth are two pairs of elongated, ciliated structures, the labial

palps, which are in close connection with the anterior end of the

gills. Leading dorsally from the mouth there is a short esopha-

gus which opens into the anterior end of the stomach. The

anterior wall of the stomach lies close to the posterior wall of the

anterior adductor muscle. The stomach is a rather large, undif-

ferentiated sac. Leading from near the middle of the ventral wall

of the stomach is a long, greatly coiled intestine which, after

proceeding ventrally and posteriorly down into the region of the

foot, makes a number of coils and then turns dorsally and con-

tinues this course until it is above the dorsal wall of the stomach.

At that point it makes a right angle turn and runs directly pos-

teriorly until it ends at the anal opening which lies just a little

posterior to the posterior adductor muscle and near the exhalent

siphon.

The heart of the Clam lies in a pericardial cavity situated in

the median line, and just below the dorsal body wall. Strangely

enough, the intestine passes into the pericardial cavity and directly
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through the heart. On either side of the stomach is a digestive

gland, or liver, which secretes certain digestive fluids that are

emptied into the stomach through two slender ducts. The intes-

tine, near the basal portion of the foot, is surrounded by the

gonads.

Certain phases of the Clam's nutrition are unlike those studied

in other animals. In the first place, in securing food, the gills,

which ordinarily function solely for respiration, play a prominent

part. A constant current of water is brought into the mantle

cavity in which the gills are suspended. This water current is

due to the action of cilia on the gills. The current is drawn into

the mantle cavity through the ventral inhalent siphon, and, after

passing through the gills, leaves the animal through the dorsal

exhalent siphon. As the water passes through the gills small

living organisms and also very small particles of organic material,

which may be utilized for food, are strained out from the water.

The food materials are then carried by the action of special gill

cilia to the anterior end of the body where they come into contact

with the ciliated labial palps around the mouth. The cilia of the

latter beat in such a manner as to sweep the particles into the

mouth opening.

The food thus taken into the mouth passes through the esopha-

gus, into the stomach, and then into the intestine, through the walls

of which the digested food materials are absorbed and passed to the

circulatory system. The indigestible materials pass on through

the intestine and are egested at the anal opening. They are

carried to the exterior through the exhalent siphon by the action

of the out-going water current.

2. Vascular System

The Clam has an efficient vascular system which, although some-

what different in details, consists of the same fundamental parts

noted in the animals previously studied. Certain features of the

vascular system recall those found in the Crayfish. The heart lies

in a membranous chamber, the pericardial cavity, and consists

of a large muscular ventricle through which the intestine runs.

Leading from the anterior end of the ventricle is the anterior

aorta, and from the other end, the posterior aorta. An en-

largement of the posterior aorta, soon after leaving the heart, is

the bulrus arteriosus, which acts as a reservoir for blood forced
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back towards the heart by a contraction of the muscular foot.

These are the two main arteries of the body and they give off

branches which supply all parts of the body. Attached to the

ventricle are two thin-walled chambers, the auricles, one on the

right side and one on the left side. These project ventrally and
connect with the efferent branchial vessels from the gills.

The auricles pass the blood which they receive into the ventricle.

In the tissues of the body are numerous blood sinuses similar to

those previously noted in the Arthropoda. The main vein of the

Clam, the vena cava, lies ventral to the pericardial cavity. The
blood from the various regions of the body collects in it, and is

then forced through the kidneys and from them carried by the

AFFERENT BRANCHIAL VESSELS to the gills. (W. f. 49.)

There is one morphological feature of the Molluscan circulatory

system which shows a higher type than any hitherto studied, and

that is the presence of auricles in the heart. The blood instead of

returning to the pericardial cavity and then being taken directly

into the ventricles of the heart through the ostia, as in the Crayfish,

is received from the branchial vessels by the auricles which are

connected with the ventricle. Therefore, although the pericardial

cavity of the Clam surrounds the heart, it does not function as

a receiving organ for the blood going to the heart.

Functional. The general course of circulation of the blood is

as follows. Beginning with the ventricle of the heart, the blood

is forced either anteriorly or posteriorly through the anterior aorta

or the posterior aorta. After passing through the tissues, largely

by means of the sinuses, it is finally collected into the large vena

cava. This vein is connected directly with the kidneys, so that

the blood is next conducted through these excretory organs and

during this passage the liquid metabolic wastes are removed.

After passing through the kidneys, the blood reaches the gills by
way of the afferent branchial vessels. In the gills the respiratory

interchange of carbon dioxide and oxygen takes place. The blood,

now freed both from the liquid nitrogenous wastes and the carbon

dioxide and carrying a fresh supply of oxygen, passes through the

efferent branchial vessels into the right or left auricle of the heart,

and then into the ventricle, from whence it is driven again over the

same course. It should be stated that a small portion of the blood

passes from the heart, through a branch of the anterior aorta, into

the tissues of the mantle which also serves as an organ of respira-
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tion. This blood after passing through the mantle is returned

directly to the heart.

3. Respiratory System

The chief respiratory organs of the Clam consist of two pairs

of gills which, as we have seen, lie in the mantle cavity on either

side of the visceral mass. Each gill consists of two ciliated, elon-

gated, perforated sheets of tissue, the lamellae, which are sepa-

rated a short distance from each other by regularly arranged

vertical rods, the interlamellar junctions. The edges of the

lamellae, with the exception of the dorsal surface, are fused to-

gether. Each gill may be compared in its structure, therefore, to a

very narrow, elongated bag, the top, or dorsal side, of which is

open. The cavity of the bag is divided by the interlamellar junc-

tions into a number of vertical compartments, the water tures.
The lamellae of the gills are made up of a large number of defi-

nitely arranged units, the gill filaments. These run parallel to

the interlamellar junctions and give the gill a distinct dorsoven-

tral striation. The filaments are connected by interfilamental
junctions. Regular openings, the ostia, are situated between the

gill filaments so that water can pass through them and into the

spaces, or water tubes, between the lamellae.

The gill filaments are covered with ciliated epithelial cells, the

cilia of which exhibit a coordinated, beating movement. This
causes a continuous current of water to be drawn into the mantle
cavity through the inhalent siphon. The water then flows through
the ostia of the gills into the water tubes, thence dorsally into a

longitudinal suprarranchial chamrer which opens posteriorly

into the exhalent siphon. During the passage of the water through
the gills, the interchange of carbon dioxide from the animal for

oxygen in the water takes place through the thin walls of the gills.

The cilia on the gills exhibit considerable differentiation both in

size and function. The beat of some of them is such as to produce
a current of water carrying the food particles toward the labial

palps which convey them to the mouth.

4. Excretory System

The excretory organs of the Clam consist of a pair of kidneys
which lie below the pericardial cavity and extend slightly beyond
it posteriorly, nearly to the adductor muscle. Each kidney con-
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sists of two parts : first, a glandular portion which lies ventrally

and, second, a storage portion, or bladder, which lies dorsal to

the glandular portion and in close contact with the ventral wall of

the pericardial cavity. These two portions are separated for a con-

siderable distance by a thin wall of tissue, but posteriorly they are

in communication through a small opening. The glandular por-

tion of the kidney opens into the pericardial cavity at the anterior

end through a small duct, the reno-pericardial aperture. The

bladder opens also anteriorly through a tiny opening, the renal

aperture. The nitrogenous wastes collected by each kidney

leave through the renal aperture and thence are swept out of the

animal with the current of water through the exhalent siphon.

(W. f. 49.)

The kidney apparently functions in two ways. In the first

place, it is believed that certain wastes, present in the pericardial

cavity, can be drawn directly into the glandular portion of the kid-

ney by the cilia lining the tube which opens into the pericardial

cavity. However, the greater portion of the work of excretion is

done by the glandular portion of the kidney in taking the liquid

wastes from the blood passing through it. It is generally stated

that the kidney of the Clam represents a greatly modified type of

nephridium such as was noted in the Earthworm. Since the peri-

cardial cavity of the Clam represents the greatly reduced coelom,

we have, therefore, much the same situation as in the Earthworm

with the nephridium opening directly into the coelom.

5. Reproductive System

In most species of Clams the sexes are separate, although a few

species are hermaphroditic. The general structure of the male and

the female gonads is much the same. They are paired organs,

situated in the dorsal portion of the foot. The intestine which runs

through this region is more or less surrounded by the gonads.

The eggs produced in the ovaries of the female pass out through

a small opening, known as the genital aperture, which lies

almost directly ventral to the anterior end of the pericardial cavity

and just below the renal aperture. In the fresh-water Mussel the

eggs then pass to the gills. The particular portion of the gills which

retains these eggs— it varies in different species of Mollusca — is

known as a brood pouch. The sperm of the male, produced in the

testes, passes out through a similar opening. The sperm, how-
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ever, are conveyed entirely away from the body of the male with

the current of water passing out through the exhalent siphon.

Some of the sperm thus discharged into the surrounding water

are drawn into the mantle cavity of the female by the current of

water which is continually taken in through the inhalent siphon.

This water containing the sperm bathes the gills of the female,

and there the sperm come in contact with the attached eggs and

fertilization occurs.

The fertilized eggs develop in the gills of the mother, and in some

species remain there during the following winter. In all cases the

eggs undergo a considerable period of development in the gills,

and are then discharged into the water, where they begin their

independent existence. The eggs of the Clam, when fertilized,

undergo complete segmentation and pass through the various

embryonic stages with which we are familiar. In the fresh-

water Mussel there finally develops a parasitic stage, known as

a glochidium, which is adapted for attaching itself to a fish by

means of teeth-like structures which are present on the edges of the

valves. When a fish comes in contact with the glochidium, the

toothed shells snap shut in the fish tissues, and the embryo is thus

attached to the body of the fish, where it stays for a time as a

parasite. The skin of the fish grows over the glochidium, and it

receives nourishment from the surrounding tissues. Finally, it

liberates itself, falls to the bottom of the lake or stream and

takes up its independent existence as a mature Clam.

6. Nervous System

The nervous system of the Clam departs somewhat widely in its

structure from that of the animals previously studied. It consists

of a number of paired ganglia situated in various regions of the

body and connected by nerve cords. In the region just posterior

to the anterior adductor muscle is a pair of ganglia, the cerebro-

pleural ganglia, one of which lies on either side of the esopha-

gus. These ganglia are connected with each other by a nerve

cord, the cerebral commissure, which passes around the esopha-

gus just before the latter opens into the stomach. Running ven-

trally and posteriorly from each of these ganglia is a nerve cord,

the cerebro-pedal connective, which connects in the basal

portion of the foot with a ganglion, known as the pedal ganglion.

This ganglion is really paired, but the two parts have become
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almost completely fused so that externally the double nature is

not clearly apparent. From each of the cerebro-pleural ganglia

there is also another nerve cord, the cerebro-visceral con-

nective, which runs posteriorly and connects with the visceral

ganglion situated on the ventral side of the posterior adductor

muscle. The visceral ganglion has the same general structure as

the pedal ganglion. These three paired ganglia with the con-

necting nerves constitute the main parts of the nervous system

of the Clam. Peripheral branches are given off from the various

ganglia, which innervate the near by organs.

Sense Organs. In the Clam the sense organs are not so well-

developed as in the Arthropoda. Possibly this is due to the fact

that the Clam does not move rapidly and, therefore, does not

have the same need of complex sense organs. It is interesting

to note in this connection that in another class of the Mollusca,

which includes free-swimming species like the Squid (fig. 9) and

the Octopus, highly developed sense organs, such as eyes, are

present. There are, however, in the Clam, two sense organs which

should be noted. The first of these, known as the osphradium,

consists of a small area of pigmented epithelial cells which covers

the visceral ganglion. It is believed that this organ, in some way,

is able to determine the purity, possibly the oxygen content, of

the water which is drawn into the mantle cavity. If the water

which comes in is unsuitable, it presumably stimulates the sensory

cells of the osphradium. Another sense organ, the statocyst, is

situated near the pedal ganglion and consists of a small vesicle

containing a calcareous body. It probably serves as an organ of

equilibration. (W. f. 50.)
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XV. THE FROG AND VERTEBRATES IN
GENERAL

The animal kingdom is commonly said to be divided into the

Invertebrates and the Vertebrates. The basic distinction be-

tween these two groups may be said to be the presence in the latter

of a dorsal supporting axis, the vertebral column, which is of para-

mount importance in its relations to the general supporting struc-

tures of the body and in the protection rendered to the spinal cord.

It is evident, therefore, that the several metazoan phyla so far

noted have consisted only of Invertebrates. The Vertebrates,

on the other hand, belong to one phylum, the Chordata. This

phylum also includes, in addition to the important vertebrate divi-

sion, a small number of types which, for the most part, are aberrant

structurally but possess, nevertheless, certain basic features which

seem to link all of them together. These distinctive features may
now be noted

:

(1) A dorsal supporting axis, the notochord, is always present

either throughout life or, at least, during early development. The
notochord is a rod-like structure which typically extends the

entire length of the animal, dorsal to the alimentary canal, but it is

subject to considerable variation in the different chordate groups.

In the Vertebrates, the vertebral column develops in close relation

to the notochord.

(2) A well-developed, tubular central nervous system which

lies dorsal to the notochord and alimentary canal is present either

during embryonic development or throughout life. It will be

remembered that in the Invertebrates which possess a central

nervous system, the nerve cord always lies ventral to the alimen-

tary canal and is a solid cord, instead of a tube with a central

cavity as in the Chordates.

(3) At some period in their life history the Chordates typically

possess paired lateral openings, situated near the anterior end of the

body, which connect the cavity of the pharynx directly with the

exterior. These openings are known as gill slits and, when
functional, permit the water taken in through the mouth to pass

149
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over the gill filaments, which are developed in or near the walls of

the gill slits, and then to the exterior. In the aquatic Chordates,

such, for example, as a Fish, this movement of the water is essential

inasmuch as the exchange of gases necessary in respiration takes

place as the water bathes the highly vascularized gill filaments.

Having noted the characteristic features of chordate structure

we may now proceed to a consideration of the animal types which

are usually included in this phylum. Four major divisions, or

subphyla, of Chordata are recognized, the first three of which are

interesting from the comparative standpoint, but otherwise unim-

portant. These are as follows :

A. Hemichordata. A small group of marine animals, usually

worm-like in appearance and with a proboscis, but which may
show great variation. The best known representative of the

Hemichordata is Dolichoglossus which is fairly common. It lives

along the shore embedded in the sand or mud and secures its

food in much the same way as the Earthworm, that is, by digesting

the organic material from the debris which passes through the

tubular alimentary canal. The notochord is short, the central

nervous system not highly developed, but the paired lateral gill

slits are prominent and functional. Colonial, deep sea species are

known which reproduce by budding.

B. Urochordata. This subphylum contains several rather

common marine organisms which are commonly known as the

Sea-squirts, due to their habit of ejecting a stream of water when
disturbed. The mature individual of this group shows a degen-

erate condition as compared with the larva. The latter for a time

during early development is a small, free-swimming, tailed form

with well-developed Chordate features, somewhat closely resem-

bling the larval, or tadpole, stage of the Frog in general body plan.

It very soon attaches itself anteriorly to some solid object in the

water and undergoes a marked structural regression, or meta-

morphosis, to form a sessile adult which lacks the tail, notochord,

and central nervous system, but possesses many gill slits and

associated organs which serve both for respiration and for the

capture of food in somewhat the same way as in the Clam. The
adult is enclosed by a peculiar covering, or tunic, which is the basis

of the term tunicate, often used to designate this subphylum.

It is stated that the tunic is largely composed of cellulose, and that

this is possibly the only example in the animal kingdom of this



Figure 10

One of the most interesting of the many species of tailed Amphibians is

the Axolotl (Amblystoma mexicanum). This species usually retains the large

functional gills, as shown here, throughout life. Under other conditions,

apparently endocrine in nature, metamorphosis occurs and the gills are lost.

The animals shown are a white variety— a rare condition which has arisen

in captivity. They have been bred in the Osborn Zoological Laboratory

for several generations, and many of the embryos used in experimental em-
bryology.

151



152 MANUAL OF ANIMAL BIOLOGY

material which is so very abundant in plant tissues. Solitary

types (Ciona, Molgula) and colonial types (Amaroucium) are

abundant in marine waters as shown in figure 9. Reproduction

may occur either sexually or asexually (budding). Alternation of

generations is also known in some species.

C. Cephalochordata. Only one genus comprising a few ma-

rine species are classified in this subphylum, but included among

these is the important species Branchiostoma lanceolatus, more com-

monly known as Amphioxus, or the Lancelet. The importance

of Amphioxus from the zoological aspect lies in its possession

throughout life of structural features which link it closely with the

true Vertebrates as well as with the Chordates. It is a small fish-

like animal a few inches in length and is able to dart about quite

rapidly when disturbed. The adult, however, usually lies verti-

cally in a sand burrow with only the anterior end of the body

projecting. As in the case of the Tunicates, noted above, food is

secured from the water current which continually bathes the gills.

Amphioxus lacks a definite head, jaws, and limbs. There is a

dorsal fish-like fin which runs the length of the body in the median

line, enlarges near the posterior end to form a wide caudal fin and

continues forward ventrally for a short distance. There is no heart,

but a well-developed system of blood vessels is present, some of

which are contractile. The main flow of blood, which is towards

the anterior end ventrally and towards the posterior dorsally,

is similar to that of the Vertebrates. (W. f. 67.)

D. Vertebrata. We may now turn our attention to a con-

sideration of certain general features associated with the Verte-

brata, by far the most important subphylum of the Chordates,

including as it does all the familiar animal types such, for example,

as the Fishes, Frogs, Snakes, Birds, Rabbits, and Man. Certain

important diagnostic features of this subphylum — in addition

to the three fundamental Chordate characteristics — may now

be briefly noted (W. fs. 94, 95)

:

(1) As indicated by the term vertebrate and noted above,

all these forms possess a backbone, or vertebral column. This

important supporting structure is composed, except in the most

primitive vertebrates, of a considerable number of bony segments,

or vertebrae, which develop in close relation to the unsegmented,

cartilaginous notochord of the embryo and, usually, entirely sup-

plant it in the adult.
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(2) Vertebrate animals possess an internal supporting skeleton

(endoskeleton) composed essentially of living matter. The

bones, tendons, cartilage and the very abundant connective tissues

of all kinds constitute the endoskeleton. In addition to the ver-

tebral column there are : (a) a brain case, or cranium, in which

special locations, the sense-capsules, are present for the olfactory,

optic, and auditory sense organs ; and (6) supports for the append-

ages. Vertebrates have either a partial or complete exoskeleton

composed essentially of non-living matter. Examples of the exo-

skeleton are to be seen in the scales of Fishes, the shell of a Turtle,

the feathers of Birds, the hair, nails, hoofs, and claws of Mammals.

Exoskeletal structures have previously been noted in our study of

certain Invertebrates, but the bony endoskeleton of the Vertebrate

is a new feature.

(3) The vertebrate limbs are restricted in number. There are

never more than two pairs present, and in many cases there are

less. Thus in certain Reptiles like the Snake, limbs are lacking.

It appears that the five-fingered, or pentadactyl limb is to be

considered as typical of the Vertebrates. The entire series of

vertebrate limbs is regarded as homologous, and these range from

the many-rayed fish fin to the limbs of certain Ungulates, like the

Horse, which, as will be seen later, have retained only one func-

tional digit on each limb.

(4) The blood of the Vertebrates contains a new type of blood

cell, the red corpuscle. The color of these cells is due to the im-

portant respiratory compound, hemoglobin, which, in the Earth-

worm, is carried in the blood plasma, rather than in specific cells.

(5) Reproduction is always sexual. There is also an absence of

hermaphroditism in the Vertebrates. The abandonment of both

asexual reproduction and hermaphroditism appears to have been

a comparatively recent step in the history of animal development.

As a matter of fact, examples of both these discarded methods of

reproduction are to be found in the lowest Chordates, as noted

above.

In addition to the distinctive vertebrate characters, as just

noted, attention should be called to the five important structural

features, first noted in the discussion of the Earthworm, which

are, in general, characteristic of all the higher Metazoa and which

are well-exhibited by the vertebrate organism. These features it

will be remembered are (a) the triploblastic condition with ecto-
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derm, mesoderm, and endoderm present ; (6) the segmentation of

the body, which is internal in the Vertebrates ; (c) the presence of

a large coelom which, in the Vertebrates, consists of either a single

cavity or of an anterior and posterior cavity
; (d) the marked

bilateral symmetry ;
(e) the still further development of the organs

and organ systems. In the later and more extended consideration

of the various phases of vertebrate organization, additional atten-

tion will be given to these features.

We may now note the animals included in the main divisions of

the subphylum Vertebrata, the general characteristics of which we

have considered in sufficient detail. The classification of this

division of the animal kingdom does not offer the difficulties to

the systematist which are frequently encountered in the much
larger and more diversified Invertebrate groups, such as we have

noted, for example, in the Insecta. Seven classes of Vertebrate

animals are generally recognized, although some systematists

prefer to place all the fish-like types into one class, and thereby

reduce the total number of classes to five.

Class I. Cyclostomata. This is a small class, but neverthe-

less contains a number of fish-like species which are interesting to

zoologists because of certain primitive characters which seem to

link them closely to Amphioxus. Thus (a) the notochord persists

throughout life; (6) a cartilaginous endoskeleton develops, is

functional, and never replaced by bone
;

(c) the circular mouth

opening, with no jaws present, shows a striking resemblance to

that of Amphioxus
;

(d) dorsal and caudal fins are present, but

paired fins are lacking.

There are two subclasses recognized, namely, the Myxinoidea,

or Hagfishes; and the Petromyzontia, or Lampreys. The Hag-

fishes are marine and frequently deep sea. The Lampreys may be

found both in fresh and salt water. Several species of Lampreys

are known of which the most common is probably Petromyzon

marinus. The larval form of this species, known as Ammocoetes,

is of unusual interest in various ways, but particularly because it

resembles Amphioxus both in certain structural features and habits

even more closely than does a mature Petromyzon. After early

development it buries itself in the sand for a period of three or

four years, during which time it feeds on fine particles of food drawn

in through ciliary action, just as does Amphioxus. At the close of

this period it metamorphoses into the typical adult. (W. f. 68.)
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Class II. Elasmobranchii. This class includes a number of

species, some of which occur in great abundance in most marine

waters. The Sharks, Dogfish (a species of Shark), and Rays, or

Skates, belong to the Elasmobranchs. These animals show con-

siderable advance over the Cyclostomes. Thus (a) the notochord

is segmented, only partially persistent, and cartilaginous vertebrae

have arisen
; (6) a well-developed lower jaw is present and pos-

sesses modified scales which serve as teeth
;

(c) two pairs of

lateral fins are found. (W. fs. 69, 70, 120.)

There are two subclasses of Elasmobranchs recognized, namely,

the Selachii and the Holocephalii. The last named subclass is

small in numbers and relatively unimportant from our standpoint,

but considerable interest attaches to the Selachian group. It is

very clearly divided into two orders, to the first of which belong

all the many species of Sharks, and to the second of which belong

the Skates and Rays. The Sharks are slender types, such as the

Dogfish, with gill slits on the side, and with the body almost

circular in outline as seen in transverse section, while the Rays
and related forms are decidedly flattened dorso-ventrally and with

the gill slits on the under, or ventral, surface. Thus they are

perfectly adapted for living conditions on the sea-bottom. The
common Dogfish, Squalus acanthias, is used a great deal for labo-

ratory study in comparative anatomy as an important example

of the lower Vertebrates. Among the Rays, all of which exhibit

a number of typical features, the Torpedo is particularly note-

worthy because of the amazing modification of certain muscles

lying in the head region which permit them to accumulate charges

of electrical energy sufficient to paralyze large animals.

Class III. Pisces. This is by far the largest and most impor-

tant group of the 'fish-animals,' including, as it does, some 15,000

species of the so-called ' bony fishes, ' among which are to be found

practically all the more common fresh and salt water types, such,

for example, as the Perch, Cod, Trout, and Salmon. Again con-

siderable advances in organization over both the Cyclostomes and

Elasmobranchs are to be noted. In fact the Pisces are often

referred to as the 'true fishes.' Of outstanding importance is the

fact that, for the first time, bone is developed in the endoskeleton.

In many species of this class the skeleton is almost entirely ossified,

while in others the original cartilaginous skeleton is only replaced

in part. As a rule the notochord is entirely replaced by the seg-
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mented, bony vertebral column. The external openings of the

gill slits are covered, on each side of the body, by a fold of tissue,

the OPERCULUM.

There are two subclasses recognized, namely, the Teleostomi

and the Dipnoi. The last named subclass contains only a few

species and these are comparatively rare, but are interesting be-

cause of the presence of either single or paired lungs. They are

often known, therefore, as the Lung-fishes. The presence of func-

tional lungs and certain other structural features as well as their

habits of life would seem to indicate a close relationship to the

Amphibia, the next higher class of Vertebrates. On the other

hand, certain features, such as the persistence of the notochord,

are regarded as more primitive in character. (W. f. 75.)

The very much larger subclass, the Teleostomi, is subdivided

into four orders of which the last, the Teleostei, is the most impor-

tant and includes most of the common species of bony fishes.

Although the majority of species included show the typical spindle-

shaped body with which we are all familiar, there are, neverthe-

less, found many varieties which depart widely from this type.

As a matter of fact, the shape and general structural features are

typically found to be in close harmony with the habits of life.

The active swimming types of fishes, known to everyone, do not

have much variation in structure, but keep close to the laterally-

compressed, pointed spindle-shape which offers minimum resist-

ance as the animals are driven through the water by their mus-

cular swimming actions. (W. f. 71.)

The less active species present a considerable number of inter-

esting structural variations. Thus, we may note the Sea-horse

(Hippocampus antiquorwri) which clings to objects with its pecul-

iar tail and thus maintains a vertical position in the water while

it'pokes around the sea weeds with its long snout. The shape of

the head of Hippocampus bears more than a passing resemblance

to that of- a horse. Or the group of Flat-fish, or Sole, which are

active and typically fish-shaped when young, but gradually be-

come flattened, not dorso-ventrally as in the Skates, but laterally

so that they lie on one side instead of on the ventral surface.

(W. fs. 72, 73.)

An example of dorso-ventral flattening in a Teleost is found

in the large, sluggish Goose-fish (Lophius piscatorius) — one of

the most bizarre and almost repulsive looking species of fish to
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be found. It lies, as a rule, inactively on the bottom and attracts

other animals into its enormous mouth by means of a long,

waving dorsal fin ray. Another highly modified, bizarre Teleost

is the Porcupine-fish, which is a rather sluggish, bottom-living

type. At times, when disturbed, they are able to inflate them-

selves with the inhaled air so that they become almost globular

in shape. Tropical fishes, as found, for example, in the coral reefs

(page 53), and also many deep sea fish present an extraordinary

array of coloring and adaptations to their particular life condi-

tions. (W. f. 74.)

Class IV. Amphibia. This vertebrate class includes the Cau-

data, such, for example, as Necturus and Amblystoma, shown in

figure 10 ; all of which are tailed forms. They are for the

most part aquatic and, in some cases, the gills are functional

throughout life. Most species, however, undergo metamorphosis,

the gills cease to function, and air-breathing lungs develop. The
Salientia, such, for example, as the Frogs and Toads, are all tailless

forms when fully mature. In the larval, or tadpole, stage they

are aquatic, tailed, fish-like organisms with functional gills and no

limbs. Then they metamorphose into air-breathing, adult individ-

uals which are markedly different from the tadpole in various ways,

but particularly in the absence of the tail and the presence of two

well-developed pairs of pentadactyl limbs. (W. fs. 76-78.)

Thus the Amphibia are aquatic or semi-aquatic animals which

breathe by gills at all times or, more often, only during the larval

period. With very few exceptions the amphibian skin is smooth

and shows no exoskeletal structures, such as the scales of fishes or

of reptiles. Even more noteworthy are the pentadactyl limbs,

which mark a wide advance over the fish fin, and the development

of lungs. Inasmuch as the Frog is used later as a basis for the

description of, and laboratory studies on, the vertebrate organ-

ism, it will not be necessary to consider the Amphibia further at

this point.

Class V. Reptilia. In this class, we encounter for the first

time a group of vertebrate animals which are air-breathing at all

stages in their life history. The embryonic gills are never func-

tional. The skin, in distinction to that of the Amphibia, is marked

by a considerable development of exoskeletal structures such as

are shown in the bony plates of the turtle or the scaly snake skin.

Undoubtedly the Reptiles reached their greatest development in
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prehistoric periods when the living representatives included the

enormous land-living Dinosaurs, such as Brontosaurus, shown on

page 177, the aquatic Icthyosaurs, also of great size, and the

Pterosaurs with the fore limbs modified for air flight and showing

other structural features which are believed to mark them as a con-

necting link with the true birds. (W. f. 79.)

Three important orders of living Reptiles are recognized, namely,

(1) the Testudinata, which includes the Turtles and Tortoises

;

(2) the Crocodilini, which includes the Alligators and Croco-

diles
; (3) the Squamata, represented by Snakes, Chameleons, and

Lizards.

The Turtles and Tortoises possess a comparatively short body
which, in all species, is almost completely enclosed in a hard, box-

like exoskeletal shell. No other Vertebrates possess such a struc-

ture. This group is very largely aquatic in habitat and ranges

in size from a few inches in length and weighing a few ounces to

four or five feet and weighing some 500 pounds. (W. f. 80.)

The Crocodiles are large aquatic Reptiles with an elongated

body ending anteriorly in a long snout with a pair of nostrils at

the tip. The tail is long and very muscular. The skin is un-

usually heavy and almost completely covered with horny exoskele-

tal plates. The limbs are well-developed and more or less web
may be present between the digits of the hind limbs, but they

are not well-adapted for locomotion on land. The eyes protrude

above the dorsal surface so that they lie above the surface of the

water when the animal is floating. The Crocodiles and Alligators

belong to the same family, and show few differentiating features.

Thus in the Alligator the snout is broader and less pointed, the

body heavier, and their disposition more favorable to strangers

!

The Squamata are almost entirely terrestrial animals, and the

limbs, when present, are well-adapted for locomotion on land. The
Chameleons and the Lizards, with few exceptions, possess two
pairs of pentadactyl limbs. In the Chameleons, the digits are

grouped to permit grasping of objects, such as tree branches. In

the Snakes, no limbs are present, but inasmuch as internal vestigial

remains of limbs and limb girdles are to be found in various species,

it is concluded that they have descended from limbed types. The
body is enclosed in a scaly, exoskeletal covering which is shed

periodically, and then formed anew as a secretion by the under-

lying dermal cells. (W. fs. 81-83, 230.)
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Class VI. Aves. Since the Aves, or Birds, are the only animals

which possess feathers, this one character serves to differentiate

them from all other groups. The main portion of a feather devel-

ops in the dermis of the skin, and is covered externally by an epi-

dermal layer. They are closely related to the reptilian scale.

Birds possess two pairs of limbs, but the fore limbs are highly

modified for flying. Even the most primitive fossil birds show this

amazing fore limb development, and it persists throughout all

species. (W. fs. 84-86, 233.)

Another interesting and important feature found in this class

is the maintenance of a uniform body temperature (homothermal

or, commonly, warm-blooded), a condition which is found in only

one other group of animals, namely, the Mammals, in which

Man is included. In all other classes of Vertebrates and Inverte-

brates, the body temperature varies with the environment of the

animal (poikilothermal, or, commonly, cold-blooded). Attention

should also be called to the fact that all Birds and Mammals possess

a four-chambered heart. This condition is found in certain Rep-

tiles, but it is not universal in that class. Although teeth can be

demonstrated in certain fossil birds, they are lacking in present-day

species.

The Birds represent an extremely homogeneous group, so much
so that it is very difficult to find a sufficient number of differen-

tiating structural characters to construct a satisfactory scheme of

classification for the nearly 20,000 species which are known. Ex-

cluding fossil forms, seventeen orders are usually recognized, and

the basis of classification depends, for example, upon such rela-

tively minor structural features as the character of the feet and

beaks. (W. f. 85.)

Class VII. Mammalia. This large, interesting, and most

important class of Vertebrates is characterized by the develop-

ment of hair in the skin. Abundant in many species, where it

forms a heavy external covering, in certain other types it may be

considerably restricted or in an extreme case, such as in certain

Whales, be entirely lacking. Another mammalian characteristic

is to be noted in the mammary glands, present on the ventral

surface of the female, which form a secretion (milk) for nourishing

the young after birth. A constant body temperature is main-

tained by all Mammals.
Probably the greatest amount of external variation is to be
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found in the structure of the limbs. These may vary from two

pairs of nearly typical pentadactyl limbs, as in Man, to the condi-

tion found in the Whale, where the fore limbs are paddle-shaped

structures, although maintaining the fundamental pentadactyl

arrangement, and the hind limbs are entirely lacking. Or again a

reduction of digits may occur, as in the Horse, where only the

third digit of each limb is functional. In fact a very complete

series of limbs of the various Mammals can be arranged to show

the adaptive radiation from a basic, or generalized, type to

the highly specialized types in conformity to the chosen environ-

mental conditions. (W. fs. 201-207.)

Again, the mammalian exoskeletal structures show great vari-

ation and are used in classifying this group. Thus we have

Mammals with claws, or Unguiculata (e.g., Bat, Dog, Bear,

Babbit, Squirrel, etc.) ; Mammals with hoofs, or Ungulata (e.g.,

Horse, Cow, Pig, Elephant, etc.) ; Mammals with nails (e.g.,

Monkey, Ape, Man, etc.). Mammalian teeth are also a valuable

aid in classifying the group.

In all Mammals, except a few of the most primitive species,

the fertilized egg is retained in the body of the mother for early

development. It is interesting to note that, in the primitive mam-
malian types, large-yolked eggs are laid which are very similar to

those of Beptiles and Birds.

The Mammalia are commonly divided into three subclasses,

namely, the Prototheria, the Metatheria, and the Eutheria.

The Prototheria are egg-laying Mammals. There are only a few

species known (e.g., Ornithorhynchus (Duck-bill) and Echidna

(Spiny Ant-eater)) and these are very closely restricted in their

distribution. The Metatheria are the pouched Mammals, or

Marsupials. The young are born in a very immature condition,

and are carried by the mother, for a time, in a special pouch, or

marsupium, present on the ventral surface of the female. This is

also a very small subclass with the Kangaroo and, in this country,

the Opossum as typical examples. (W. fs. 87, 88.)

The Eutheria, in which the young, owing to the presence of the

placenta in the female, are retained for a longer period of uterine

growth and are born in a comparatively highly developed condition,

include all the remaining mammalian types. These Placentals

comprise the familiar species of domesticated animals as well as the

Primates. The interest and importance which, therefore, attaches
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to the Eutheria, justifies our further consideration of their classi-

fication. Considerable variation in the subdivisions of the Eu-

theria is found among the various systematists. For the present

brief consideration, we may recognize nine orders which we shall

arrange as follows

:

Order 1. Insectivora. This order includes certain common
species, such, for example, as the Mole, Hedgehog, and Shrew.

Gymnura is an important genus. They are small, furry, terres-

trial forms, with plantigrade, unguiculate appendages which are

variously modified. They are largely insect eaters. (W. fs. 201,

205.)

Order 2. Edentata. Examples of this class are noted in the

Armadillo, Ant-eater, and Sloth. Of these, the Armadillo is found

in the United States, and it only in Southern Texas. Practically the

only characters in common are the absence of the front teeth and
the lack of enamel. (W. fs. 89, 204.)

Order 3. Chiroptera. The Bats, which constitute this order,

are characterized by a modification of the fore limbs which adapt

them for flight. The hind limbs are clawed and suited for grasp-

ing. (W. fs. 207, 227.)

Order 4. Rodentia. This is the largest order of Mammals in

the number of species included. Also the number of individuals

of certain species and the extent of their geographical distribution

is extraordinary, as, for example, the House-mouse and the Gray-

rat. The Rodents are characterized as the gnawing Mammals.
They possess one or two pairs of long incisor teeth particularly

adapted for this purpose. Their destructiveness together with the

disease-carrying ability of certain species make them pests of the

first order. All things considered, the Rat is probably the great-

est animal pest with which we have to contend. Claws are present

on the digits. Additional examples of Rodents are to be found in

the Squirrel, Rabbit, Guinea Pig, Beaver, Gopher, Porcupine,

etc. (W. fs. 108, 187.)

Order 5. Carnivora. Although the Carnivores are character-

ized as the flesh-eating Mammals and possess certain teeth, par-

ticularly the canines and premolars, which are adapted for tear-

ing animal tissues, as well as heavily clawed digits, nevertheless

species are known which subsist on both animal and vegetable

food (omnivorous) or even on vegetable food alone (herbivorous).

On the whole, they are fairly large animals with a heavy coat of
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fur which is frequently of considerable commercial value. The
Carnivora are clearly divided into the terrestrial forms, a few

important examples of which may be noted in the Dog, Fox,

Wolf, Cat, Lion, Tiger, Bear, Raccoon, Mink, Skunk, and into

the aquatic types, such, for example, as the Seals, Sea-lion, and

Walrus. The aquatic forms exhibit considerable structural adap-

tation for their water life, including completely webbed digits.

Order 6. Cetacea. This is a rather small order of exclusively

marine animals, and includes the Whale, Porpoise, and Dolphin.

They are tremendously modified for their mode of life, probably

more so than any other order of Mammals. The teeth are re-

stricted to one jaw or lacking entirely in the adult, as is also the

hairy covering. No hind limbs are present. The largest living

animal, the Sulfur-bottom Whale (Sibbaldus sulfurous), may
reach a length of nearly a hundred feet and a weight of close to

300,000 pounds. (W. fs. 90, 206.)

Order 7. Sirenia. A small and relatively unimportant order

of aquatic Mammals, including the Manatee and Dugong. Only

seven species are known, three of which are found along the At-

lantic coast. The Florida Manatee (Manatus americanus) is the

best known. The order is characterized by the fin-like fore limbs,

the absence of hind limbs, and the peculiar horizontal tail fin.

(W. f. 91.)

Order 8. Ungulata. Among the Ungulates, Man has for ages

found some of his most important animal allies, including such

almost indispensable species as Horses, Cattle, Sheep, Hogs,

and Camels. These species he has long since domesticated to

provide a constant supply of animal food, materials for clothing,

and transportation. We can characterize the Ungulata as the

hoofed mammals, and they may be divided into the even-toed

and odd-toed types. Thus the Cow, Pig, and Camel may be

given as examples of the even-toed Ungulates, while the Horse,

Rhinoceros, and Elephant are examples of the odd-toed. The
modification of the pentadactyl limb probably reaches a climax

in the monodactyl appendage of the Horse. Other noteworthy

structural features of certain Ungulates include the peculiar stom-

ach of the Ruminants which permits a regurgitation of food for

further mastication ; the very large antlers of the Moose and Deer,

which are shed annually ; the horns which develop on certain

head bones of the Rhinoceros ; and the tremendous trunk, or
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proboscis, of the Elephant, as well as the tusks which are modified,

greatly enlarged incisor teeth. Among the outstanding structural

features of economic importance are the character of the flesh

of certain species which makes it desirable for human consumption
;

the character of the skin (as in Cattle) which makes it suitable to

tan for leather ; and, finally, the development of mammary glands

which provide a supply of milk— an almost indispensable article

of human food which is the basis of the very important dairy

industry. (W. f. 92.)

Order 9. Primates. This final order of Mammals, to which Man
belongs, is primarily characterized by the great development of

the brain— a feature generally regarded as being of sufficient

importance to make it necessary to place this group as the high-

est order of the Mammals, even though in certain other features,

such as the development of the muscular tissue, character of teeth,

and condition of young at birth, the species included are less ad-

vanced than certain other orders, particularly the Ungulates. Other

primate features are noted in the digits of the hand and foot, which

bear nails rather than claws or hoofs, and also in that the first

digits (toe or thumb) are opposable (one or both) to the other digits.

The primate appendages are primarily adapted for grasping, a

function which corresponds to the arboreal habitat of the great

majority of species.

The Primates are divided into two suborders on the basis of a

comparatively minor structural feature, namely, the separation or

contact of the front teeth in the anterior median line. Thus in

the suborder Lemuroidea the teeth are separated, while in the

suborder Anthropoidea the teeth are in contact. The Lemurs
and Marmosets, which belong to the Lemuroidea, are rather small-

sized quadrupeds with a comparatively long tail. The long-

nosed lemur face is not unlike that found in certain of the lower

Mammals. The Marmosets are climbers, and it is interesting to

note that there are claws on certain digits. (W. f. 93.)

The Anthropoidea includes all the remaining Primates, such as

the long-tailed Monkeys of which there are numerous species found

in South America and various regions in the Old World ; and the

short-tailed Anthropoid Apes, represented by the Gibbon, Orang-

utan, Chimpanzee, and the rare Gorilla. Finally, Man is classi-

fied as a separate family (Hominidae) of the Anthropoidea. Only

one species {Homo sapiens) is recognized at present. The Anthro-
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poid Apes are regarded as the closest structurally to Man. This is

based on such features as the absence of a tail, the frequent occur-

rence of bipedal locomotion, the very high degree of intelligence,

and the almost human facial structure and expression due to the

enlarged cranial bones and reduced facial bones.

In Man, the bipedal locomotion is universal, the big toes are not

opposable, the formation of hair is not so abundant, but, above

all, the tremendous development in the size and quality of the fore-

brain has given Man a mental superiority which far transcends

that of any other living organism. His mental equipment has

enabled him to overcome greatly varying conditions of climate,

so that his distribution is world-wide, as well as to dominate

other types of life to a high degree.

Although only one species of mankind is believed to be repre-

sented on the Earth today, at least three groups, or races, are to

be noted, namely, the Negroid, the Mongolian, and the Caucasian.

The character of the hair, the shape of the nose, the color of the

skin, and other minor structural characteristics serve as identifying

features.
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THE FROG

Having considered the characteristic features of the Vertebrates

and their classification in so far as is necessary for our present

discussion, we are now in a position to proceed with a detailed

description of the structure and life processes of a representative

Vertebrate. Because of its availability, convenient size, and gen-

eral adaptability to laboratory work, we shall select the Frog as

the type animal, but an endeavor will be made to consider the

various features from the comparative standpoint, particularly

with reference to the condition found in the Mammals.

A. External Structure

The body of the Frog is divided into two regions, the head and

trunk. The neck region, which is typically present in the higher

Vertebrates and permits a wide variety of head movements inde-

pendently of the rest of the body, is entirely lacking. (W. f. 78.)

A study of the external features of the Frog's head reveals at

once the very large mouth with upper and lower jaws ; the latter

also present on all of the Vertebrates except the Cyclostomes.

The upper jaw has a projecting, fleshy upper lip with a ventral

groove into which the lower jaw fits very perfectly so as to form

an airtight joint which, as will be shown later, is a necessary

feature of breathing in the Frog. A pair of dorsally placed eyes

with upper and lower lids is another prominent feature. Nor-

mally they project a considerable distance above the surface. They

can, however, be drawn back into the eye sockets, or orbits, of the

skull and entirely covered over by the lower lids ; the upper lids

being almost immovable in this animal. A slight excrescence in

the skin, just anterior to a line drawn between the eyes, marks

the brow spot which is connected with the brain at an early

stage of development. It is believed to represent the remains of a

so-called pineal eye, which at present is known to be functional

only in one species (Sphenodon punctatum) which belongs to the

Reptiles. Also on the dorsal surface and near the anterior end

of the head is a pair of small openings, the external nares, which

open into the mouth cavity and function in connection with the

olfactory and respiratory structures, in essentially the same manner

as the nostrils in the nose of Man or other higher forms. Posterior
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to the eyes, a pair of large, circular tympanic membranes are

conspicuous ; one on each side of the head. These are membra-
nous, disc-like structures embedded in the skin which function as a

part of the auditory apparatus, or ear. They are, in fact, ear
drums, essentially the same as in Man, but lying on the surface.

Attached to the trunk are two pairs of jointed pentadactyl

limbs which are adapted both for aquatic and terrestrial life.

These appendages represent a tremendous modification of, and

advance over, the paired fish fin, and the various constituent

structures are homologous with those in the limbs of the higher

classes of Vertebrates.

The fore limb is composed of three main parts, commonly known
as the upper arm, forearm, and hand. The latter is composed

of the wrist and four well-formed digits, together with a very rudi-

mentary first digit, corresponding to our thumb, which can be felt

through the skin. The hind limb has the same general structure

as the fore limb, but is much larger and more powerful. The
various parts of it are commonly spoken of as the thigh, shank,

and foot. The latter is composed of the ankle and five complete

digits. Between the digits an interdigital web is developed.

A more detailed description of the bones of the limbs and also of

the general skeletal structure will be given later.

The outer covering of the Frog's body consists of a smooth slimy

skin which is heavily pigmented, particularly on the dorsal surface

of the body. The skin of the Frog and of other Vertebrates is a

very important structure. It is far more than a mere external

covering. In general, it may be said to have four important func-

tions, namely, support, protection, respiration, and secretion. In

connection with the function of support, it is apparent that the

skin is essentially a heavy, resistant covering enclosing the various

body tissues.

The skin functions beautifully as a protection against unfavor-

able environmental features. In the first place there are very

few disease germs that can penetrate the unbroken skin. Also

the skin is the tissue in which the various protective exoskeletal

features are formed, such as the scales of Fishes and Reptiles, the

feathers of Birds, the hair of Mammals, as well as claws, nails, and

hoofs. The Frog's skin entirely lacks these hard exoskeletal

structures, but they are of general occurrence in most Vertebrates.

Another feature which is well-shown in the skin is protective
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coloration ; the ability to change the color scheme so as to blend

as closely as possible with the surroundings — an animal camou-

flage, as it were. In the Frog, color changes take place by the

expansion and contraction of specialized pigment cells, or chro-

matophores, which lie just below the surface.

The wet, mucus-covered skin of the Frog undoubtedly plays a

large role in the respiratory activities. It is plentifully supplied

with blood vessels, and the interchange of carbon dioxide and

oxygen through the skin is a continuous process. The small

poorly-developed lungs of the Frog are not able to handle the

entire respiratory exchange, and the animal will die finally if the

exchange through the skin is entirely stopped, as happens when

it remains dry for a prolonged period.

Finally, in the Frog, and other types, the skin is abundantly

supplied with secreting structures, or glands. Two varieties, the

mucus and the poison glands, are usually found. The mucus

glands continually secrete a slimy material which covers the skin

and protects against drying when the Frog is out of water. The

secretion of the poison glands is known to be of a poisonous nature

and is undoubtedly protective.

B. The Body Tissues

Before proceeding to a description of the various organ systems

of the Vertebrate, attention should be called to the epithelial,

muscular, and supporting tissues which, together with the

nervous and vascular elements, are almost everywhere present

in all the organs of the body. Thus, to take a single example, the

alimentary tract — in addition to the all-important mucosa cells

which actually carry on the essential functions of digestion and

absorption— contains epithelial, muscular, connective, vascular,

and nervous tissues. Organs, then, are composed of a variety

of tissues. Consideration is given to the vascular and nervous

tissues in later sections, so we may now give attention to the

epithelial, muscular, and supporting elements. (W. pp. 132-145.)

1. Epithelial Tissue

Epithelial cells cover the exposed surfaces of the body structures

both externally and internally. Thus the outermost portion of

the skin, which is in contact with the environment, is covered with

several layers of epithelial cells, the most external of which are

exceedingly thin, flattened cells (squamous epithelium) which
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are in close contact with each other to form a tile-like surface.

The cells of the succeeding under layers of skin epithelium gradu-

ally become thicker and appear like tiny cubes — hence the term

cuboidal epithelium. Finally, the columnar epithelium is

reached in which the individual cells are more or less tubular in

shape. Epithelium, as in the skin, consisting of several layers in

which a gradual variation in shape is noted, is spoken of as strati-

fied epithelium, and may be found in various regions. Inside

the body we find that the abdominal cavity is lined by peritoneal

epithelium. Again the alimentary tract is covered both outside

and inside with epithelium. The inside lining of the alimentary

tract is derived from the endoderm, and it is these cells which

function in digestion and absorption. (W. f. 32, A.)

Another important type of epithelium is known as ciliated

epithelium, and, as the term indicates, cilia are present on the

cells. This type of ciliated epithelial cell is found in the lining of

various tubes and ducts where, by the coordinated movements of

the cilia, they cause the movement of fluids and other materials.

Examples of ciliated epithelium in the Frog may be found in the

roof of the mouth and throat, in the kidneys, and in the oviducts.

Many types of glands which manufacture and secrete important

substances are formed from epithelial cells so that we may speak

of the glandular epithelium. Such glands may be unicellular

(goblet-cell), as found in the epithelium lining various regions

of the alimentary canal, which synthesize and secrete the essential

digestive enzymes. Or multicellular glands of many different

varieties are present, such as was noted above in the case of

the mucus and poison glands in frog skin. In the human skin

abundant sweat glands are present and also the sebaceous

glands, at the root of each hair, which secrete an oily substance.

In the mammalian female, the large, paired mammary glands which

secrete an abundant supply of milk to nourish the newly born

offspring are, of course, very important. In certain domesticated

Ungulates, notably the goat and cow, these glands are particu-

larly large and highly developed, and the milk secreted, since it is

well-suited for human consumption, forms the basis of the world-

wide dairy industry. (W. fs. 33, 34, 96.)

Finally, the surface epithelial cells are, in numerous instances,

modified for peripheral sense organs in association with the nervous

system. Thus we may speak of sensory, or nervous, epithe-
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lium. Examples of this are found generally distributed in the

skin epithelium covering the body. In Man, sensitive epithelial

cells respond to cold, heat, pressure, etc. The sense of taste in the

tongue and the amazingly keen olfactory sense found in many

Vertebrates are due to sensory epithelial cells. (W. f. 146.)

2. Muscular Tissue

The specialized contractile muscle tissue which, responding

to the control of the nervous system, brings about through its own

contractions the almost innumerable and continuous movements

present in higher animals, is necessarily very widely distributed.

Muscle tissue may be classified as (a) the unstriated, or involun-

tary, muscle tissue which is not under direct control of the will,

and (b) the striated, or voluntary, muscle tissue, the move-

ments of which are under voluntary control. The unstriated

muscle tissue, examples of which may be found in the various

organs, is under the general control of the autonomic nervous sys-

tem, (c) Cardiac muscle tissue in the heart is also involuntary

in its functioning but structurally is regarded as a separate type

of muscle tissue. (W. fs. 98 ; 99.)

The unstriated muscle tissue which for the most part forms the

muscular layers in the walls of a number of the important organs,

such as those of the alimentary canal, blood vessels, and urinary

bladder, is regarded as a simpler type than the striated. A micro-

scopic examination shows that it consists of elongated, spindle-

shaped cells, each with a nucleus which is also elongated in the

same direction as the cell. The muscle cells are frequently branched

at the ends. Also there is a considerable variation in their length.

For example, in the walls of the blood vessels the cells are short

and correspondingly thick, whereas in the walls of the bladder

they are long and thin. The cytoplasm shows a fine longitudinal

striation which is very different from the marked, transverse stria-

tions of the voluntary type of muscle tissue. The spindle-shaped

cells lie close together with a certain amount of cement substance

and connective tissue elements intermingled. Thus they are

closely held together and work as a unit. The rate of contraction

in unstriated muscle tissue is much slower than that of striated

muscle tissue, but the movements can be continued for a longer

time. (W. fs. 7, B; 34.)

The striated muscle tissue of the body is largely centered in the
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muscles of the body wall and of the appendages. It is separated

into definite units, the muscles proper. For example, in the hind

limb of the Frog there are some eighteen separate and distinct

muscles which bring about the various movements of the leg. All

these muscles are attached to the bones by means of specialized

connective tissue elements known as tendons. In general, one

end of a muscle, known as the origin, is attached to an immovable

bony structure, while the opposite end, known as the insertion,

is attached to a movable bony structure. The gastrocnemius

muscle, which is a large muscle in the calf of the leg, may be taken

as an illustration of the origin and insertion of a muscle. It has a

double origin in, first, a tendon at the end of the thigh bone (femur)

just above the knee joint, and second, in a tendon attached to

another tendon from the triceps muscle higher up the leg. These

points of origin are relatively immovable. The insertion of this

muscle is in various foot bones. When it contracts it causes an

extension of the foot and also a flexing movement of the leg at

the knee joint. (W. f. 98.)

A muscle that produces an extension, such as just noted in the

foot, is known as an extensor ; one that causes a flexion of the

part is known as a flexor. The gastrocnemius muscle produces

both these movements. There are a number of other types of

muscles classified according to the movement which they produce.

Among these are the adductor muscles which draw the limb in a

posterior direction toward the long axis of the body ; the adductor

muscles which draw the limb in an anterior direction toward the

long axis of the body ; the levator muscles which raise some part

of the body, such as the lower jaw, and the depressor muscles

which work in an opposite direction.

A microscopic examination of striated muscle tissue shows that

it is always enclosed in a connective tissue sheath, known as the

perimysium, which contains blood vessels and nerves. The peri-

mysium continues beyond the end of a muscle as a tendon which

is usually attached to a bone. Sheets from the perimysium radiate

throughout the body of each muscle and separate it into a number

of muscle bundles, termed fasciculi. Each fasciculus contains a

great many individual muscle fibers which are, in turn, separated

from each other by a further continuation of the perimysium,

known as the endomysium.

The muscle fibers, microscopic in size, and enclosed by a delicate



THE FROG AND VERTEBRATES IN GENERAL 171

membrane, the sarcolemma, are the ultimate units of muscular

structure, and every muscle contains a large number of such units.

Distributed through each fiber are several elongated nuclei. It is

believed that each fiber represents a greatly modified single cell

in which the original nucleus has divided many times without a

division of the cell body. The cytoplasm, or sarcoplasm, of the

striated fibers exhibits both a transverse and a longitudinal stria-

tion, the former being much the more prominent. The longitu-

dinal striations are due to the presence of tiny, filamentous strands,

the sarcostyles, which extend longitudinally through each cell.

These are supposed to be the contractile elements in the fiber.

With a sufficiently high magnification, it is apparent that the

transverse striation is due to the presence of alternate light and

dark bands which run across the muscle. The muscle fibers are

thus divided into segments, or sarcomeres, which constitute the

dark areas, and these are separated by light bands. When a

muscle is contracted, the bands are more closely approximated

than when the muscle is relaxed. (W. 32, E.)

The cardiac muscle tissue, which forms the walls of the heart,

represents a distinct type which, however, shows certain morpho-

logical relations to the other two types. The cardiac tissue cells,

while retaining their identity as do the cells in the unstriated

muscle tissue, are attached to each other by strands of cytoplasm.

On the other hand they have a definite transverse striation and

in this respect resemble the striated muscle tissue.

Contraction of Muscle Tissue. The question as to what

causes muscle tissue to contract when the proper stimulus is re-

ceived from the nervous system is one which is still unsolved

although many theories have been proposed. In considering this

problem, it is interesting to know that muscle tissue can contract

when removed from the body of an animal. Contractility, there-

fore, is not dependent upon any connection with the body. As an

example of this, the study of a 'muscle-nerve preparation' is of

value. Such a preparation is made by removing a muscle from an

anesthetized animal, say the large gastrocnemius muscle from the

hind leg of a Frog. The dissection should be done in such a way
as to leave the sciatic nerve, which innervates this region, attached

to the muscle. The dissected muscle with the attached nerve can

be kept wet with a normal salt solution. The use of such a solu-

tion prevents the tissues from drying, and when so treated they
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can be kept alive for the experimental work for some hours. The
muscle may next be attached to an immovable body at one end

which represents the origin, and to a movable body at the other

end, which represents the insertion. The nerve may now be

stimulated in various ways, as, for example, by contact, electrical

current, or chemical solutions. When the end of the nerve is

stimulated a nerve impulse passes through it and into the muscle

in the same way, apparently, as if it were normally situated in the

body and the muscle received a stimulus from the central nervous

system. Furthermore the result of this nerve impulse is the same,

for the muscle immediately contracts, thereby causing a move-

ment of the lever at its insertion.

The above experiment demonstrates that living muscle tissue

will contract outside the body, and also that the nerve can be

artificially stimulated to bring about the muscular contraction.

The question as to what actually takes place under such circum-

stances in both the muscle and nerve tissue is largely unknown,

although it has been the subject of a great deal of experimental

work.

3. Supporting and Connective Tissues

These widely distributed tissues include a variety of different

types, all having as their chief functions the support and pro-

tection of the various organs. They are divided into two types,

the exoskeletal and the endoskeletal.

The exoskeletal structures are external, and they develop

from both the inner and outer layers of the skin. In some Verte-

brate animals, as for example the Turtle, the exoskeleton forms a

protective covering over practically the entire body. In other

groups of Vertebrates, the exoskeletal structures, while not form-

ing a covering over the entire body, are present in the form of nails,

hair, feathers, etc. In the Frog, all such exoskeletal structures are

lacking in the skin.

The endoskeletal structures are internal and comprise the

supporting and connective tissues, including bone which is regarded

as the highest development of the endoskeleton. In general, all of

this group of tissues contains a relatively large amount of ground

substance, or matrix, which is intercellular in position ; that is to

say, this material lies outside the cell walls, between the cells. In

some of the connective tissues the ground substance constitutes
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the larger part of the tissue. It begins to develop very early in

the Frog embryo as a homogeneous substance which later becomes

modified in various ways to form the matrix of the different types

of connective tissue and bone. For example, it may remain largely

unchanged, as in some of the simpler types of connective tissue

;

it may become a dense fibrillar material, as in a tendon ; or it

may become largely infiltrated with certain inorganic salts, chiefly

calcium carbonate, and form the basis of the hard bone tissue.

(W. f. 32, B, G, D.)

White Fibrous Tissue. There are several different kinds of

connective tissues recognized. One type, which has a very wide

distribution, is known as the white fibrous tissue. This may be

obtained from almost any region of the body ; for example, in the

skin, or surrounding the muscles and nerves, or forming the sup-

porting framework in various organs, or as tendons attaching the

muscles to the bones. When examined microscopically, the white

fibrous tissue will be found to consist of a considerable proportion

of ground substance in which are bundles of collagenous fibers

having a characteristic wavy appearance. The white fibrous

tissue also contains a number of elastic fibers, mentioned below.

Scattered among the fibers and embedded in the ground sub-

stance are numerous connective tissue cells, known as fibroblasts.

These are elongated, spindle-shaped cells which have a tendency

to stretch out along the fibers. (W. f. 32, B.)

Elastic Tissue. Another type of connective tissue, which is

known as elastic tissue, consists of heavier, straight fibers

which frequently branch. The elastic fibers are found in abun-

dance in the walls of the blood vessels, and they also form certain

ligaments. The nature of elastic tissue is such that when tension

is applied it will stretch and then return to the original condition

when the tension is released. This condition is very different

from that present in the tendons of the body, which consist almost

entirely of white fibers. A tendon lacks elasticity and will break

under tension rather than stretch. Generally the white fibers and

the elastic tissue are found to be more or less intermingled in the

various connective tissues. For example, the ligaments contain a

great deal of the elastic tissue and very few of the white fibers,

while the reverse is true of the tendons. (W. f. 32, B.)

Fatty or Adipose Tissue. This type of tissue is found more

or less scattered throughout the body, and is generally regarded
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as a type of connective tissue in which the cells have become some-

what enlarged and atypical in shape as a result of fat storage.

Cartilage is a highly developed connective tissue, which is

always abundant in the Vertebrate embryo. In the lowest classes,

it remains as the permanent skeleton, but in the higher types it is

later replaced by true bone. Some of the cartilaginous material,

however, remains unchanged throughout life. Cartilage is marked

by the presence of an exceptionally large amount of transparent,

intercellular ground substance which possesses great strength.

The cartilage cells are embedded in this matrix in numerous cavi-

ties, known as lacunae, each of which may contain one, two, or

even more cells. There are various kinds of cartilage, depending

upon the character of the ground substance. In hyaline carti-

lage the ground substance is homogeneous, but in the mixed and

fibrous types of cartilage the ground substance shows a marked

fibrillar nature due to the presence of either white or elastic fibers

or both. Hyaline cartilage is the more common type, and it is

found in the joints, in the breast bone, between the vertebrae, and

in a number of other places in the body. (W. fs. 32, C; 100.)

Bone. The greater portion of the bone tissue of the body, as

has been noted, is first formed as cartilage. Such bones are, there-

fore, known as cartilage bones in distinction to a less frequent

type, known as membrane bones, in which the cartilage stage is

lacking, and the bone tissue develops by an ossification of soft

membranes. The general structure of mature bone shows a re-

semblance to cartilage in that the bone cells, or osteoblasts,

are embedded in cavities in the matrix in somewhat the same way
as in cartilage. The microscopic structure of bone can be seen to

good advantage in a properly prepared transverse section through

one of the leg bones, for example, the femur. Such a section shows

that the bone is not a solid rod throughout, but consists of an

outer cylinder of bone tissue enclosing an internal cavity which

runs the length of the bone. In life, the cavity is filled with a soft,

highly vascularized tissue, the bone marrow. The bone tissue is

covered on the outside by a living connective tissue sheath, the

periosteum, and is "arranged in concentric layers, or lamellae,

which contain numerous lacunae in which lie the bone cells.

From the lacunae, fine branching tubes, or canaliculi, containing

processes from the bone cells, are given off which extend in all

directions and anastomose with the canaliculi of neighboring
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spaces." The osteoblasts lying next to the periosteum continue

to add new bone during development so that the bone increases

in diameter by the addition of outside layers. The bone tissue

may also increase to a certain extent by the addition of bony tissue

in the marrow cavity. (W. f. 32, D; 100.)

4. Skeleton

The living bony endoskeleton of a Vertebrate may be divided

into (i) the axial skeleton consisting of the skull and verte-

bral column, and (u) the appendicular skeleton consisting

of the limbs and the limb girdles. (W. pp. 138-144.)

I. AXIAL SKELETON

A. The Skull. The Vertebrate skull consists of two portions

:

the cranium, which is the brain case, and the underlying facial

portion. Making up the skull is a considerable number of bones as

well as certain permanently cartilaginous elements. The cranium

in the Frog is small, narrow, and elongated in the direction of the

long axis of the body. It encloses and protects the brain, together

with the auditory and olfactory sense organs. At the posterior end

of the cranium there is a large opening, the foramen magnum,

through which the spinal cord leaves the cranium and passes into

the vertebral column. Surrounding the foramen magnum are the

exoccipital bones, each of which bears a rounded prominence, or

occipital condyle, which articulates with the first vertebra and

thus forms the connection between the skull and the vertebral

column. Just anterior and lateral to each exoccipital bone is a

prootic bone. Lying in the anterior portion of the cranium and

also forming the posterior wall of the nasal cavity is an unpaired

bone known as the sphenethmoid. The five bones just noted

;

that is, a pair of occipitals, a pair of prootics, and the unpaired

sphenethmoid, constitute the cartilage bones of the Frog's cranium.

(W. f. 103.)

There are also a number of membrane bones which form the

dorsal covering of the cranium. There is a pair of long, narrow

bones, the frontal-parietals, which result from a fusion of two

pairs of bones, as commonly found in Vertebrates, namely, the

frontals and parietals. The frontal-parietal bones connect

posteriorly with the prootics and the exoccipitals, anteriorly with

the sphenethmoid, and form the greater portion of the dorsal wall
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of the cranium. A pair of small irregular bones, the nasals,

form the dorsal wall of the olfactory capsules. On the ventral

surface of the olfactory capsules is a pair of small bones, the

vomers, which bear the vomerine teeth. The ventral wall of the

cranium is chiefly formed from a large unpaired, T-shaped bone,

the parasphenoid, the long stem of which extends anteriorly, and

the transverse portion posteriorly and to the sides, under each

of the auditory capsules. (W. f. 103.)

The facial portion of the skull consists of the upper and the

lower jaws and the hyoid cartilage which with its bony processes

forms a plate-like structure in the ventral wall of the mouth cavity

where it supports the tongue. The hyoid apparatus in the

Frog is not so complete as it is in the Fishes where it forms the

elaborate gill-bearing visceral skeleton. (W. f. 103.)

The bones of the upper jaw are immovably fastened to the

cranium. They consist of a pair of premaxillae bones which

form the extreme anterior portion of the upper jaw, a pair of

maxillae which are posterior to the premaxillae and form the

sides of the upper jaw, and a pair of quadratojugals which con-

stitute the posterior portion of the upper jaw.

Each side of the lower jaw has as its basis a cartilaginous rod,

known as Meckel's cartilage. Anteriorly each rod is largely

covered by a dentary bone, and posteriorly by an angulosple-

nial bone. The jaws are attached to the cranium by a rather

complicated suspensory apparatus consisting of three bones on

each side, namely, the squamosal, pterygoid, and palatine.

(W. f. 103.)

The Mammalian skull is considerably modified from that just

noted in the Frog. In the first place, the increase in the size of the

brain has necessitated an increase in size of the cranium as com-

pared with the facial region. This condition is seen in the most

marked degree in the skull of Man, as may be shown by a compari-

son of the cranial and facial portions of the skulls of Man and the

Gorilla. (W. f. 228.)

There is also a great tendency toward a complete fusion of cer-

tain bones so that the adult skull comprises a smaller number of

separate bones than that of the embryo. Thus in early adult life

there are twenty-two bones in the human skull. This number is

considerably less than it was in earlier years and will be even more

reduced in old age. (W. f. 105.)



Figure 11

The bony skeleton of the Vertebrate reached its most massive development
in the extinct reptilian Dinosaurs. The skeleton shown in this figure is from
the largest known species, the giant Broniosaurus excelsus. The specimen was
collected at Como Bluff, Wyoming, in 1881 and has just recently been mounted,
as shown, in Peabody Museum, Yale University. It measures 67 feet in

length and is 16 feet high over the hips. The weight of the animal is esti-

mated at about 40 tons. For comparison of relative size, a full sized human
skeleton is shown. Reference should be made to Lull's " Organic Evolution

"

(Macmillan) for complete description.
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Teeth. The teeth of all Vertebrates are regarded as homologous

structures which in their evolutionary history are related to the

placoid scales of certain Fishes. They are composed of a thin,

outer covering of enamel, which forms from the epithelium lining

the mouth, and dentine, which develops from the underlying meso-

dermal tissue. The latter constitutes the bulk of a tooth. Teeth

in the various Vertebrate groups are subject to very great varia-

tion in number, shape, and function. In certain of the higher

Vertebrates, including Man, the teeth are placed in deep pits, or

alveoli, in the jawbones. The portion of the tooth within an

alveolus is known as the root, while the exposed enamel-covered

portion is termed the crown. We recognize four types of teeth

in the higher forms, which, beginning anteriorly, are known as the

INCISORS, CANINES, PREMOLARS, and MOLARS. (W. f. 104.)

In Man and most of the Mammals, two sets of teeth are formed.

The first set in Man, the milk teeth, are replaced in the early years

of childhood by the permanent teeth which develop in the jaws

below the first set. The number of milk teeth varies somewhat,

with a normal of 20, while in the permanent set there are 32 teeth,

divided so that each half of each jaw contains 2 incisors, 1 canine,

2 premolars, and 3 molars. In order to state concisely the number
of teeth in an animal a dental formula is made use of in which

the letters i, c, p, and m indicate the incisors, canines, premolars,

and molars respectively, and the numbers of each kind in half of

the upper and lower jaws are shown by figures above and below a

line. Thus the dental formula of Man is indicated as if, c J,

p f, m f = 32.

B. Vertebral Column. The vertebral column of the Frog is

very short. It consists of nine typical vertebrae, together with a

narrow, rod-like, unsegmented posterior extension, known as the

urostyle. Each vertebra consists of a solid oval portion, the

centrum, the center of which occupies the original position of the

notochord ventral to the spinal cord. Dorsally and laterally on

each centrum a bony structure, known as the neural arch, is

developed around the spinal cord. The space between the neural

arch and the centrum in each vertebra constitutes the neural
canal in which the spinal cord lies. Each neural arch has a dorsal

projection, the neural spine, and, except in the first vertebra, a

lateral projection on each side, the transverse process, to which

the muscles are attached. (W. fs. 101 ; 103.)
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The vertebrae composing the vertebral column articulate with

each other by means of articulating processes, or zygapophy-

ses, which are developed both anteriorly and posteriorly on the

neural arches. The anterior pair of processes of each vertebra,

except the first, articulates with the posterior pair of the vertebra

just anterior. Thus the vertebral column is made up of a series

of definite articulating units, the vertebrae, each of which, by means

of the neural arch, contributes a portion of the common neural canal

containing the spinal cord. The vertebral column, while giving

firm axial support, also permits a considerable amount of bending.

The first vertebra possesses two concave articulating surfaces into

which the convex prominences of the occipital condyles at the pos-

terior end of the skull fit.

The structure of the vertebral column in the various Vertebrates

is essentially the same as that just described for the Frog, but the

number of vertebrae present is subject to considerable variation.

In the Mammals, including Man, five regions are typically present,

which, beginning at the anterior end, are known as the cervical

(neck region), thoracic (chest region), lumbar (abdominal re-

gion), sacral (pelvic region), and caudal (tail region). In the

adult condition of Man there are 26 vertebrae in the vertebral

column divided as follows : 7 cervical, 12 thoracic with a pair of ribs

attached to each, 5 lumbar, 1 sacral, and 1 caudal. In early life

there are 33 vertebrae present. The reduction is due to a fusion

of 5 sacral vertebrae to form the sacrum of the adult, and a fusion

of the 4 caudal vertebrae to form the coccyx. In most Mam-

mals, except Man and the Anthropoid Apes, the number of caudal

vertebrae is quite large, thus in the Cat there are 22 caudal verte-

brae. (W. fs. 104-108.)

II. APPENDICULAR SKELETON

The appendicular skeleton of the Vertebrate, as typically found,

consists of the fore limbs and the hind limbs, both of which are

of the five-fingered, or pentadactyl type, and the girdles by

which they are connected with the axial skeleton. The fore limbs

are attached and supported by the shoulder, or pectoral girdle,

and by the breast bone, or sternum. The latter is the common

ventral uniting structure for the two halves of the girdle, and also

serves as a protection for various internal organs which lie in that

part of the body. Each half of the pectoral girdle is made up
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of a number of bones and cartilaginous elements ; the principal

bones being the scapula, clavicle, and coracoid. The scapula

and coracoid on each side form a cavity, the glenoid fossa, into

which the proximal end of the humerus of the fore limb fits. (W.

f. 102, A.)

The pelvic girdle, which forms the support and attachment of

the hind limbs, consists of a right and left half, each formed from

three bones, the ilium, ischium, and pubis, the first being the

largest. The ilium in the Frog connects anteriorly with the trans-

verse process of the ninth vertebra, continues posteriorly nearly

parallel with the median urostyle at the posterior end of the verte-

bral column, and, finally, connects with the ischium and the pubis.

The ischium and pubis together with the posterior end of the ilium,

form a common cavity, the acetabulum, into which the proximal

end of the femur of the hind limb fits. (W. f. 102, B.)

Each fore limb consists, first, of a large bone, the humerus

which, as mentioned above, articulates at its proximal end with

the glenoid fossa of the pectoral girdle. The distal end of the

humerus articulates with the radio-ulna. This is a single fused

bone in the Frog, but in many of the Vertebrates it consists of two

separate bones, the radius and ulna. In the Frog there are six

wrist bones (carpals), three of which articulate with the radio-

ulna, and three of which articulate with the bones of the hand.

Each of the five digits of the hand begins proximally with a meta-

carpal bone. In digit I, there is no other bone. In digits II and

III, the metacarpals are followed by two phalanges, and in digits

IV and V, the metacarpals are each followed by three phalanges

;

thus making a total of five metacarpals and ten phalanges in the

hand of the Frog. (W. f. 103.)

The hind limb of the Frog and of Vertebrates in general has the

same arrangement of parts as the fore limb. There is, first, a

large femur which is homologous with the humerus in the fore

limb. It articulates proximally, as mentioned above, with the

acetabulum of the pelvic girdle. The distal end of the femur artic-

ulates with the tibio-fibula. This is a single fused bone in the

Frog, but in many of the Vertebrates it consists of two separate

bones, the tibia and fibula. It is homologous with the radio-

ulna of the fore limb. The ankle bones (tarsals) of the Frog are

atypical. Each of the five digits of the foot begins proximally with

a metatarsal bone. In digits I and II, there are two phalanges
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each ; in digits III and V, there are three phalanges each ; in digit

IV, there are four phalanges ; thus making in all a total of fourteen

phalanges in the foot as compared with ten in the hand. Lying
near digit I in the foot of the Frog is an accessory digit, the calcar,

which is a spur-like structure formed from two small bones. (W.
f. 103.)

'

•

The Vertebrate Limb. The pentadactyl limbs of the Frog,

the structure of which has just been considered, are essentially the

same as, and are homologous with, those found in all the higher

Vertebrates, including Man. The greatest amount of variation

between the limbs of various Vertebrates takes place in the wrist

and hand bones of the fore limb, and in the ankle and foot bones of

the hand limb ; the larger bones lying nearer the body being some-
what more constant throughout the Vertebrate series. Thus in

the fore limb, or wing, of a Bird the humerus, radius, and ulna

are all typical, but in the wrist and hand there has been a marked
reduction and modification in the bones.

In the hoofed Mammals the structure of the limbs has departed

more widely from the pentadactyl type than in most other groups

of Vertebrates. Thus in the fore limb of the Horse the humerus
is about the only bone that has retained the usual structure.

Only a small portion of the ulna is present, and it is fused with the

radius. Digits I and V have entirely disappeared. Digits II and
IV are present as rudimentary structures, known as splint bones.

Digit III remains the sole functional digit, so that the Horse walks

on the tips of the third digits. In certain Vertebrates, such for

example as Snakes or Whales, the hind limbs and girdles have
almost disappeared and are no longer functional. In Man, the

limbs have remained true to the pentadactyl type, but there has

been a fusion of certain bones in the wrist and ankle. (W. fs.

105, 227, 230, 234.)

C. Internal Structure

In considering the internal structure of the Vertebrate animal, it

will be well to recall the "tube within a tube" condition which was
seen to best advantage in the Earthworm. Here we found (a) the

outer tube, or body wall, composed largely of muscle tissue ; (6) the

endodermal lined inner tube, or alimentary canal, also largely

muscular, running through the body from the anterior to the pos-

terior ends
; (c) the many chambered body cavity, or coelom,
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lying between the body wall and alimentary canal, and containing

the vascular, excretory, reproductive, and nervous systems. (W.

fs. 60, 94, 95.)

Fundamentally all the Vertebrates have this same general

arrangement of the internal organs. Underneath the skin is the

body wall, composed largely of muscle tissue or ' flesh.' The body

wall of the Vertebrate is much thicker on the dorsal surface than

it is on the ventral, but in all regions it forms a continuous and

fairly rigid layer. Most of the highly developed organ systems,

such as the vascular, excretory, and nutritive systems, are chiefly

located in the coelom of the trunk region with extensions to the

peripheral regions of the body. The vertebrate coelom, however,

consists either of one or two large cavities as compared with many
chambers in the Earthworm. (W. fs. 106-109.)

We may now proceed to a consideration of the internal structure

of the Frog. In order to do this it will be necessary to lay open

the ventral body wall of the trunk region by a median cut, which

should extend anteriorly to the girdle, or sternum, of the fore

limbs and posteriorly to the pelvic girdle of the hind limbs.

After cutting through the loose outer layer of skin, the structure of

which has been noted above, one comes into contact with the

muscular body wall. Cutting through this layer opens up the body

cavity, or coelom, which is a single large chamber in the Frog,

and thus exposes a number of the most important organs of the

body, collectively spoken of as the viscera, which lie in it. Dorsal

to the coelom lies the vertebral column, in a specialized portion

of which is the central nervous system. This arrangement of

the central nervous system, which is typical of the Vertebrates, is

very different from that found in the higher Invertebrates in which

the nerve cord lies directly in the coelom, close to the ventral body

wall. (W. f. 107. 1
)

The general arrangement of the organs in the coelom is quite

uniform throughout the Vertebrate series, but in the Mammals,

including Man, the cavity of the coelom is completely divided by a

sheet of muscular tissue, the diaphragm, into an anterior portion,

or thoracic cavity, in which are the heart, lungs, and esophagus,

and a posterior portion, or abdominal cavity, which contains

the remainder of the viscera. (W. fs. 108, 109.)

1 In this figure the internal structure of the Frog is viewed from the left side in-

stead of from the ventral surface.
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Lying in the anterior end of the coelomic cavity, just below the

sternum, is the heart. It is enclosed in a delicate, transparent

membrane, the pericardium. On either side of the heart, and

extending posteriorly for a considerable distance, are the brownish-

colored lobes of the liver which is one of the most prominent

organs in the abdominal cavity. It consists of three main lobes

connected by small tubes, the hepatic ducts, which communicate

with a common gall bladder. The latter can be noted as a small,

green sac lying between and slightly dorsal to the lobes of the liver.

The pair of thin-walled lungs can be seen lying posterior to and

on either side of the heart. (W. fs. 107, 112.)

Projecting posterior to the liver, the stomach can be seen. The

anterior, cardiac portion merges without very great differentia-

tion into the esophagus which leads to the mouth. The poste-

rior, pyloric portion of the stomach is somewhat smaller than the

cardiac portion. It ends at a definite constriction, the pylorus, at

which point the coiled small intestine begins. The first loop of

the small intestine curves anteriorly and, together with the pyloric

end of the stomach, forms a U-shaped structure, between the two

sides of which the important digestive gland, the pancreas, is

situated. The latter is an elongated, yellowish body. The com-

mon bile duct from the gall bladder passes through the pancreas,

the ducts of which it receives, and then opens into the small intes-

tine near the anterior end. The small intestine can be traced

posteriorly, through a number of coils, to where it enlarges to form

the large intestine, or rectum, which merges into the cloaca.

The latter opens to the exterior. Lying near the anterior end of

the rectum, a small, reddish body, the spleen, is to be seen. The

stomach and intestines are suspended in the coelom by membra-

nous sheets, known as mesenteries, which surround the walls

of the intestines, and which are also continuous with the layer,

termed the peritoneum, which lines the coelom. (W. fs. 107, 112.)

The urogenital system, consisting of the kidneys, bladder,

gonads, and associated ducts, lies near the dorsal wall of the coe-

lom toward the posterior end. There is a pair of elongated, brown-

ish-colored kidneys, one of which lies on either side of the coelom.

On the ventral surface of each kidney is a thin strip of orange-

colored tissue, the adrenal body. The adrenals are among the

most important of the ductless glands, and give off an essential

secretion directly into the blood. A very small duct, the ureter,



184 MANUAL OF ANIMAL BIOLOGY

passes posteriorly from the lateral edge of each kidney and opens

into the cloaca. The cloaca is a common chamber into which the

intestinal, urinary, and genital ducts open. It is really the modi-

fied posterior portion of the rectum, and is present in most Ver-

tebrates, except in the higher Mammals. The urinary bladder

also opens into the cloaca opposite to the ureters. (W. fs. 107, 132.)

The kidneys have the same structure in both sexes, but the

structure of the gonads as well as the arrangement of the ducts

are somewhat different. In the male Frog, the testes are seen

as a pair of small oval bodies, one attached near the anterior end

of each kidney. Ducts from the testes lead into the kidney ducts

and connect with the ureters. Thus in the male Frogs, the

latter serve as a common duct for both the kidney secretions

and the sperm, and are, therefore, designated as the urogenital
canals. A pair of yellowish, finger-like structures, known as the

fat bodies, are to be seen attached near the anterior end of each

testis.

In the female Frog, lying in the same region as the testes in the

male, is a pair of lobulated ovaries with the fat bodies attached

to the anterior ends. A pair of comparatively large, white, con-

voluted oviducts is present, neither of which is directly attached

to the ovaries. Anteriorly each oviduct begins as a funnel-shaped,

ciliated opening situated near the anterior end of the coelom and

enlarges posteriorly to form a uterus which opens into the cloaca.

In the breeding season the ovaries are very large and fill up a great

portion of the body cavity. (W. f. 132.)

D. Organ Systems

1. Nutritive System

The plan of structure of the alimentary canal in the Frog or in

any other Vertebrate is fundamentally the same as that which was

noted for the first time in the study of the Earthworm, and then

later in other of the higher Invertebrates. In all these animals,

stated in the simplest terms, the alimentary canal consists of a

tube lined with mucosa, which begins with the mouth at the

anterior end, runs through the body, and ends posteriorly at the

anal opening. This tube may be straight as in the Earthworm or

greatly coiled as in the Clam and, in general, in the Vertebrate

animals. (W. pp. 150-160.)
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In the Frog the mouth, or buccal cavity, which is the specialized

anterior end of the alimentary canal, is comparatively large and

contains several noteworthy structures. The highly developed,

muscular tongue lies in the center of the lower jaw and extends

from near the extreme anterior end to the posterior part of the

mouth. It is attached to the ventral wall of the mouth at the

anterior end only. As a result of this type of attachment, the free

posterior end of the tongue can be extended quite a distance out of

the mouth and thus made use of in the capture of Insects or other

small animal forms for food. The extension of the tongue is ac-

complished by rapidly filling a lymph space which lies beneath it.

Posterior to the tongue, on the ventral wall of the mouth, is a

raised, circular body which has a slit-like opening, the glottis,

leading from the mouth cavity into the larynx and then to the

lungs. Also, on either side near the posterior end of the tongue

of the male Frog of some species there is a small opening through

which air passes into the vocal sacs. The latter are known to act

as resonators and thus increase the volume of sound. (W. f. 107.)

In the posterior part of the upper jaw on either side is the open-

ing of an eustachian tube which leads to the cavity of the middle

ear. Anterior to the openings of the Eustachian tubes is a pair of

olfactory openings (internal nares) which connect with the

external nares, and lying between are two groups of teeth, known

as the vomerine teeth. Numerous other very small teeth are

borne around the margin of the upper jaw. The teeth of the Frog

are not used as masticating organs, but function solely for holding

food which has been captured. The bony portion of the upper jaw

is enclosed by a fleshy upper lip. The latter is lacking in the lower

jaw, so that when the mouth is closed the lower jaw fits into a

groove, the sulcus marginalis, inside the upper lip.

The buccal cavity ends posteriorly in the pharynx which soon

merges into the esophagus. The latter continues as a small,

undifferentiated tube through the anterior part of the coelom and

then enlarges, as has been noted, to form the stomach which lies

chiefly on the left side of the animal's body. The stomach gradu-

ally decreases in size toward the posterior end and curves some-

what toward the right side of the body.

The small intestine consists of two portions : namely, the an-

terior portion, known as the duodenum, which connects with the

pyloric end of the stomach ; and the posterior portion, known as the
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ileum. There is no external differentiation to be noted between

these two portions. The duodenum curves anteriorly and forms

with the stomach a U-shaped structure. When seen from the ven-

tral side, the duodenum forms the left side of the U. The common

bile duct carrying the materials from liver and pancreas opens into

the duodenum a short distance below the pylorus. The ileum

begins at the upper left-hand corner of the U and then curves

abruptly posteriorly, forms a number of coils, and finally enlarges

to form the large intestine. (W. f. 112.)

A microscopical study of a prepared section through the wall of

the small intestine reveals the fact that it is composed of several

distinct layers of tissue which may now be described, (a) The

small intestine is covered by a thin layer, the serosa. (6) Below

the serosa is a double muscular layer composed of a thinner layer

of longitudinal muscle fibers and a thicker layer of circular muscle

fibers, (c) Within the muscular layer is the surmucosa, which

consists of connective tissue and vascular elements, (d) Finally,

the tube is lined by the essential mucosa, which is of endodermal

origin and consists of a single layer of cells, some of which are

specialized for the secretion of the digestive enzymes and some for

the absorption of the digested food materials. The wall of the

stomach has the same general arrangement. (W. f. 34.)

Although, as previously stated, the essential structural features

of the alimentary canal remain uniform throughout the Verte-

brates, there are certain noteworthy modifications, some examples

of which may be noted. These may be regarded as adaptations to

the type of food or to the eating habits of the organism in ques-

tion. In certain Fishes the intestine is provided with devices

which retard the passage of materials and at the same time in-

crease the absorptive surfaces, just as has been seen in the typh-

losole of the Earthworm. The so-called spiral valve of the

Shark is a good example. It consists of a membranous fold of

tissue, which hangs down into the intestinal cavity. As the name

indicates, the attachment to the wall of the intestine is of a spiral

nature. The result is that the food materials in process of diges-

tion are forced around and around the interior of the intestine as

they are slowly moved posteriorly. In other Fish, as, for example,

in the Perch, the same result is obtained by the presence of several

blind sacs (pyloric caeca) which open from the small intestine

near the pyloric end of the stomach. (W. f. 106.)
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The alimentary canal of the plant-eaters is larger and more
specialized than that of the flesh-eaters. This is seen to advantage
in certain Ungulates, the grazing cud-chewing animals, or Rumi-
nants, such as the Cow and Sheep. In such cases a four-chambered

stomach is present and so arranged as to permit the hastily eaten

plant tissues, or cud, to be regurgitated for a thorough mastication

which is a necessary process if digestion is to occur. From the

functional standpoint this condition reminds one at once of the

condition already noted in the Bee and Ant which permits the

regurgitation of the temporarily stored nectar.

In Man, the alimentary tract corresponds quite closely to that

of the carnivorous animals. From the pharynx the esophagus

extends to the muscular sac which constitutes the stomach. The
small intestine is greatly coiled and is about 20 feet in length and
two inches in diameter. It joins the large intestine, or colon, in

the lower right portion of the abdominal cavity. The large intes-

tine is about five feet in length and somewhat larger in diameter

than the small intestine. It begins with a blind sac, or caecum,
to which the tubular vermiform appendix is attached. The
latter is a closed sac, normally about four inches in length, appar-

ently non-functional, and often the seat of a serious infection,

appendicitis. From the caecum the large intestine runs first ante-

riorly (ascending colon), then crosses to the left side of the body
(transverse colon) and, finally, proceeds posteriorly (descend-
ing colon) and dorsally through the short straight rectum to the

anal opening. (W. fs. 109, 110.)

Functional. While the food of adult Frogs normally consists,

for the most part, of small living animals, such as Insects or Worms,
it is known that they will readily devour almost any kind of food

which they can get into their mouths. They are cannibalistic, and
a large Frog will devour smaller individuals when the opportunity

presents itself. The structure of the tongue, as previously noted,

is of such a character that the posterior end of it can be very

quickly thrust out from the mouth. The Frog is able to capture

even a rapidly moving Insect with this peculiar weapon. In such

cases, after contact has been established, the prey is held to the

tongue by a sticky secretion and drawn back into the mouth.
The ingested food is passed directly from the mouth, through

the esophagus, and into the stomach where, in the Frog, the first

stage of digestion begins. The movement of the food throughout
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the length of the alimentary canal is brought about by peristalsis

which consists of a series of progressive waves of reduction in the

diameter of the tube as a result of the contraction of the layer of

circular muscle fibers in the walls. The peristaltic movement be-

gins anteriorly and sweeps posteriorly, forcing the food materials

along with it.

The movements of the muscular walls of the stomach are of such

a character as thoroughly to mix the food with the secreted en-

zyme, pepsin. This ferment, working in a slightly acid medium,

due to the presence of a small amount of hydrochloric acid, is able

to begin the process of digestion of the protein materials and to

change them into peptones. Both the pepsin and the hydro-

chloric acid are secreted by the endodermal glands noted above.

When the proper condition of the food has been obtained, the

pyloric valve opens, and the partially digested food is passed

through it and into the duodenum. Here it is acted upon by the

digestive fluids secreted by the pancreas and carried to that region

by the common bile duct, and also by those present in the intestinal

juices. The pancreatic juice contains three principal digestive

agents as follows : (1) trypsin, which further acts on the peptones

and completes their digestion
; (2) amylopsin, which acts on the

starches and changes them into sugar, and (3) lipase, which acts

on the fats, splitting them into a fatty acid and glycerol. The
digestive action of the pancreatic enzymes is dependent upon an

alkaline condition of the food, and this is largely brought about

by the strongly alkaline pancreatic juice. The food materials from

the stomach with an acid reaction are mixed with this alkaline

secretion before the final phases of digestion take place. When
digestion is completed, the liquid food is absorbed by the cells of

the mucosa lining the intestine and then turned over to the vascu-

lar system for transportation to all regions of the body.

The essential features of digestion are the same throughout the

vertebrate series, but certain variations are to be noted in the

regions utilized and the enzymes employed. Thus, in Man and
other Mammals, the digestion of starchy foods begins in the mouth
through the action of the enzyme ptyalin, which is present in the

saliva. The final stage of starch digestion occurs in the small

intestine just as in the Frog. Other important enzymes present in

the intestinal secretion are erepsin which completes the digestion

of the proteins begun in the stomach ; and maltase, sucrase, and
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lactase, all of which are concerned with the final stage of carbo-

hydrate digestion. (W. f. 113.)

The Functions of the Liver. The liver, which is the largest

gland in the body, has several important functions particularly

in connection with nutrition. In the first place, it secretes the bile

which together with alkaline pancreatic juice aids in overcoming

the acidity of the food from the stomach. It is known that certain

substances in the bile play additional roles in converting starch into

sugar, and also in emulsifying fats so that they can be absorbed

from the intestine without being chemically changed. Undoubt-

edly, bile also contains a large amount of excretory materials.

Furthermore, the liver has the power of synthesizing glycogen,

or 'animal starch.' This carbohydrate is normally formed from

sugar, but protein material can also be utilized. It will be shown

below in the study of the vascular system that the liver receives

the blood containing all absorbed food materials, except the fats,

directly from the digestive tract through the hepatic portal vein,

and it is thus enabled to abstract the materials for the formation

of glycogen. In a well-fed animal, the liver contains considerable

amounts of glycogen which can be supplied to the cells of the body

as needed. Before being released into the blood stream, the glyco-

gen is changed into dextrose by the action of a specific enzyme in

the liver. Finally, the liver aids in the process of excretion by

changing the nitrogenous waste products in the blood into urea,

which is later taken from the blood by the kidneys. (W. f. 115.)

2. Respiratory System

In the adult Frog the chief organs for the interchange of the

gases concerned with the respiratory function are the skin and

lungs. It is a question which one is the more important, but it is

probable that more carbon dioxide is given off through the skin

than through the lungs, and in the winter, when the Frogs are

hibernating, the entire burden of the reduced respiratory exchange

is carried on by the skin. The wet, mucus-covered skin of the Frog

is highly vascularized, and the blood is brought into close contact

with the oxygen which may be present either in the surrounding

air or water as the case may be. The excess carbon dioxide is

given off, the essential oxygen picked up and transported to the

cells of the body where respiration takes place. (W. pp. 161-167.)

The lungs of the Frog consists of a pair of thin-walled distensible
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sacs as previously noted. The outer surface of the lungs is smooth,

but the inner lining is thrown into folds, or wrinkles, which form

tiny air-cavities, or alveoli, over the entire inner surface. All of

these open into the central cavity, and it receives the air from the

mouth cavity. The walls of the alveoli are richly supplied with

blood vessels, and it is through these walls that the necessary inter-

change of gases takes place. (W. f. 107.)

Anteriorly each lung opens into the common tracheal cavity,

and the latter communicates directly with the mouth cavity

through the tiny slit-shaped opening, or glottis, in the ventral wall

of the mouth, as previously noted. Just below the glottis, the

walls of the tracheal cavity are strengthened by cartilages which

are in turn connected to muscles. This region constitutes the

voice box, or larynx. A pair of vocal cords, like elastic bands,

are so attached to the sides that they vibrate when the air, expelled

from the lungs, rushes past them. In this way sound is produced,

not only in the Frog, but generally in the Vertebrates. The pitch

of the sound can be altered by varying the tension of the cords

through the muscular action.

When the respiratory movements are observed in a living Frog,

two distinct types can be seen. In the first type, which is confined

to the mouth only, there is an almost continual up and down move-

ment noted of the ventral muscular wall of the mouth. This

results in the alternate expansion and contraction of the mouth

cavity and a consequent intake and outflow of air through the

external nares. The mouth is always kept closed except when

feeding. In fact it is known that breathing cannot occur if the

mouth is forcibly kept open, and the Frog will die of asphyxiation.

Air coming from the lungs periodically is gradually released to the

exterior as stated above. Thus the mouth cavity always contains

air, and undoubtedly considerable respiratory interchange takes

place through the epidermal lining tissues.

In the main, during the respiratory movements affecting the

lungs, which occur at variable periods, the external nares are closed,

the glottis opened, and a much heavier contraction of the ventral

mouth wall takes place. The imprisoned air in the mouth cavity

is thus forced through the glottis and into the lungs. The peri-

odical expiration of the air from lungs into the mouth cavity is

largely brought about by a contraction of the muscular body wall

in the fore leg region.
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The respiratory, or breathing, movements in the Frog are differ-

ent from those found in Man or other higher Vertebrates, but the

end result is the same in either case, namely, the supplying of the

specialized lung tissues with fresh air so that the respiratory ex-

change can take place. The main feature of breathing in Man
is based on changes in the size of the thoracic cavity in which the

lungs lie. The thoracic cavity is enlarged by muscular action

which pulls the ribs up and out with a synchronous lowering of the

diaphragm. Air, impelled by the atmospheric pressure of 15 pounds

per square inch, rushes through the external openings, pharynx,

trachea, and then into the alveoli of the lungs where the respira-

tory interchange takes place. It is expelled by a contraction of

the thoracic cavity, which results from the lowering of the ribs

and the elevation of the diaphragm. (W. fs. 118, 119.)

The normal air capacity of the human lung is approximately

3500 cc. (about 230 cu. inches). By effort this capacity can be

increased to about 4000 cc. It is impossible completely to empty

the lungs by expiration, some 1500 cc. of residual air remaining

at all times. At each inspiration and expiration approximately

500 cc. of tidal air is moved.

Functional. Frequent attention has been called to the fact

that the essential feature of respiration, namely, the continuous

interchange of gases between the protoplasm of an organism and

its environment, takes place in every one of its living cells. It

has also been observed in the higher Invertebrates that both a

specialized respiratory mechanism and a system of transportation

are necessary features of cell respiration. These basic facts re-

mained unaltered in the Frog and other Vertebrate animals. We
have just noted the structural features of the lungs, and in the next

section, consideration will be given to the vascular system as the

great transporting medium to and from the cells, not only of the

respiratory gases, but of the numerous types of materials which

are necessary for the life-processes of the organism.

It may be well to call attention at this point to one characteris-

tic of the Vertebrates which is of fundamental importance in trans-

porting to the cells the oxygen necessary for respiration, namely,

the red corpuscles which contain the remarkable compound hemo-

globin. This complex substance has the ability to form an un-

stable compound (oxyhemoglobin) with oxygen in the lungs

where the oxygen is abundant, and it is in this form that a great
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proportion of the oxygen is conveyed to the tissues of the body.

Here the unstable oxyhemoglobin in the red corpuscles is broken

down, and the free oxygen passes through the walls of the capil-

laries and is taken up by the tissue cells. The red cells containing

the hemoglobin are then returned to the lungs and the process is

repeated.

3. Vascular, or Circulatory, System

The vascular system of the Frog and of the Vertebrates in gen-

eral has the general structural features of the vascular systems that

were noted in the various higher Invertebrates. Thus we find that

it consists essentially of a connected, closed system of muscular-

walled tubes, or blood vessels, together with a circulating fluid

medium, the blood. The blood is continuously propelled through

the vessels by the rhythmic contractions of the heart. The lat-

ter is to be regarded as a blood vessel which has become adapted

for this particular function by the development of a special type of

muscular tissue. It is the dynamic and all important center of the

system. The blood vessels are divided into arteries, which carry

blood away from the heart; veins, which carry blood to the

heart; and capillaries, which connect the arteries and veins

together in the tissues, through an amazing network of thin-walled,

microscopic vessels. Blood leaving the heart must always make

the complete circuit involving certain arteries, capillaries, and

veins before it again reaches the heart. (W. pp. 168-179.)

In addition to the closed circulatory system, as just noted, and

of fundamental importance is the open lymphatic system which

consists primarily of various sized lymph spaces, channels, and

thin-walled lymph vessels through which a fluid derivative of the

blood, the lymph, slowly moves. The system is so arranged that

every cell in the organism is bathed by this lymph, so that in the

transfer of materials to and from the cell, the lymph stands as the

final agent.

Blood. We may now consider certain structural features of the

vascular system in more detail. The blood may be regarded as a

liquid tissue, that is, a tissue in which the intercellular material is

of a liquid rather than a solid nature. In all other tissues of the

organism, the intercellular material holds the cells rigidly in place.

The blood is composed of a liquid substance, or plasma, which con-

tains enormous numbers of various types of highly developed blood
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cells, or corpuscles. Although blood plasma is composed of

about ninety parts of water and ten parts of solid materials in

solution, it is in reality a highly complex medium and marvelously

fitted for the transportation of various essential materials. In

addition, it possesses an intricate arrangement which results, when
necessary, in clotting, or coagulation — an important process

which controls bleeding as will be noted later. Since the plasma

continually receives and gives off an almost infinite variety of

materials in its relations with the cells, the exact chemical composi-

tion varies continuously and, therefore, an exact analysis can never

be obtained.

The blood corpuscles comprise two main types of living cells, the

red corpuscles and the white corpuscles, or leucocytes. The
red corpuscles are so-called because they contain the complex red

pigment, hemoglobin, which has a strong affinity for oxygen, and
is necessary for its transportation from the skin or lungs to the cells

of the body. They may be described as tiny, biconcave disks with

a central oval-shaped nucleus. In the higher Vertebrates, the

nucleus is lacking in the mature red cell.

There are several varieties of white corpuscles which show con-

siderable variation in size, form, character of nucleus, and func-

tion. In general, however, these cells are amoeboid in character.

There is no definite cell wall, the shape is variable, and they move
and capture food by temporary pseudopodia-like projections.

They function primarily in the control of infection through the

actual ingestion (phagocytosis) of the invading organisms. (W.
f. 7, C.)

Heart. The heart of the Frog consists of three chambers,

namely, a ventricle and two auricles. Thus in its structure it

may be said to occupy a middle position between the two-cham-

bered fish heart and the four-chambered heart of the higher Ver-

tebrates. The thick-walled, conical-shaped ventricle lies pos-

terior. This is the main pumping part and, by its rhythmical con-

tractions, drives the blood through the arteries to all parts of the

body. Anterior to the ventricle there are two thinner-walled

cavities, the auricles, one to the right and one to the left. Open-

ing into the right auricle, on the dorsal surface of the heart, is a large

triangular sac, the sinus venosus, which receives blood from all

parts of the body through three veins ; from the anterior regions

through the right and left anterior vena cava, and from the
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posterior regions through the posterior vena cava. Opening

into the left auricle are the pulmonary veins which bring blood

to the heart from the lungs. Leading from the ventricle is a ves-

sel with heavy muscular walls, the conus arteriosus, which

branches soon after leaving the heart and forms three pairs of

important arteries noted below. All the blood from the ventricle

passes out through the conus arteriosus. The heart, as noted in a

previous section, is enclosed by a transparent membrane, the

PERICARDIUM. (W. f. 121.)

The heart of the Bird and Mammal has four chambers ; a right

and left auricle and a right and left ventricle. The right and

left sides are completely separated by a tissue wall so that there is

no possibility of mixing the blood in the ventricles as in the Frog

heart. The venae cavae open directly into the right auricle. The

latter communicates with the right ventricle through the tricus-

pid valve. The right ventricle, which is larger and heavier walled

than the auricle, communicates through the pulmonary artery

with the lungs. Into the left auricle open the pulmonary veins

from the lungs. The opening between the left auricle and left ven-

tricle is guarded by the mitral valves. The cavity of the left

ventricle communicates through the aorta with the general sys-

temic circulation. The walls of the left ventricle are very mus-

cular. (W. fs. 121, 123.)

Veins. The three largest veins in the Frog are the right and

left anterior vena cava and the single posterior vena cava,

all of which open into the sinus venosus. Emptying into the

anterior venae cavae are smaller veins which receive the blood from

all the anterior parts of the body except the lungs as follows

:

Blood from the mouth region is collected by a pair of veins, the

external jugulars ; from the brain and other parts of the head

region by a pair of internal jugulars ; from the shoulders by a

pair of subscapulars ; from the fore limbs by a pair of brachials ;

and from the side of the body and certain portions of the head by

a pair of musculocutaneous veins. The blood from all of these

veins finally empties into either the right or the left anterior vena

cava, from which it passes into the sinus venosus.

Posteriorly the blood is received into the posterior vena cava

from the liver through the hepatic veins, and from the kidneys

and reproductive organs through the renal veins. Emptying

into these vessels are those which received blood from the body
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wall, hind limbs, etc., as follows : The liver receives venous blood

from (a) the single, median abdominal vein, which in turn arises

from a pair of pelvic veins ; and from (6) the intestinal tract

through the hepatic portal vein. The kidney receives venous

blood from a pair of renal portal veins which arise from the

femoral and sciatic veins of the hind limbs. (W. f. 121.)

Arteries. The conus arteriosus, which as previously noted

leads from the ventricle, supplies all the arteries in the body. It

passes anteriorly from the ventricle and, just beyond the anterior

edge of the auricles, divides to form a right and left branch, from

each of which arises three arteries ; thus forming a total of six main

arteries, or three pairs, from the heart. These are designated as a

pair of common carotids, a pair of pulmocutaneous, and a pair

of systemic arches.

Each of the common carotid arteries divides into an external
and an internal carotid, and these run anteriorly and supply

the entire head region. They each give off a number of branches

as they proceed. The pulmocutaneous arteries carry blood to

the respiratory organs. Each divides into two main branches, one

of which runs to the lungs (pulmonary artery) and the other

(cutaneous artery) to the skin and body wall. Each of the

systemic arteries curves dorsally and posteriorly. Posterior to

the heart, and close to the dorsal body wall, the two arches unite to

form a single large vessel, the dorsal aorta, from which branches

arise that supply the important abdominal organs, the muscles

of the abdominal body wall, and the hind legs. Before uniting to

form the dorsal aorta, the right and left systemic arches on each

side give off two branches : (a) the occipito-vertebral, from

which arise the occipital artery supplying the jaws and nose,

and the vertebral artery which runs to the vertebral column

;

and (6) the brachial artery which is distributed to the fore limb

of that side and to the body wall near by. (W. f. 121.)

Portal Systems. Attention should be called to the renal
portal system and the hepatic portal system. The renal portal

system consists of a pair of veins which carry blood from the hind

limbs to the kidneys. Into each of these renal portal veins three

vessels empty : a femoral and a sciatic vein from the hind leg,

and a small dorsolumbar vein from the body wall. Thus, in the

Frog the venous blood from the hind limbs and from a portion of

the body wall, instead of emptying directly into the vena cava,
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passes by way of the renal portal vein into the kidneys. In Mam-
mals the renal portal system is lacking. (W. f. 121.)

The hepatic portal system consists of a single large vessel, the

hepatic portal vein, which receives the venous blood with ab-

sorbed foodstuff from the alimentary tract by means of the in-

testinal, duodenal, and gastric veins. This blood is then

passed into the liver. After passing through the liver it is col-

lected by the hepatic vein, thence into the posterior vena cava. In

addition to the blood received from the alimentary tract through

the portal vein, the liver also receives a considerable supply of

venous blood directly from the hind limbs, body wall, etc.,

through the ardominal vein. (W. fs. 115, A; 121.)

Lymphatic System. The importance of the lymphatic system

has been noted above. In the Frog, it consists of a connected

series of lymph spaces and channels which permeate all the tissues

of the body. These range in size from microscopic spaces around

the cells to the very large lymph sacs which lie just under the skin

in various parts of the body. Connected with certain of the

larger lymph sacs are four special areas of contractile muscle tissue

which constitute the lymph hearts. They pump the lymph back

into the regular blood stream through certain veins. (W. fs. 124,

125.)

The lymphatic system in the higher Vertebrates is characterized

by the development of numerous thin-walled lymph vessels which

connect with the lymph spaces. The lymph vessels empty into

the large thoracic duct which opens into the left jugular near the

heart. There are no definite contractile elements in this system,

and the flow of lymph through the thoracic duct and into the

regular blood channels is irregular and more or less dependent

upon the character of the body movements. (W. f. 115.)

Course of Circulation in the Frog. The general course of

the circulation in the Frog is as follows (W. 121, B) :

The venous blood from all parts of the body, with the excep-

tion of the lungs, flows into the sinus venosus. The latter is

contractile, and it forces the blood into the right auricle. When
the right auricle contracts the blood is forced through the auriculo-

ventricular aperture and into the right side of the ventricle. By
the almost synchronous contraction of the left auricle, the newly

oxygenated, or arterial, blood, which has been received from the

lungs through the pulmonary veins, is also forced through the



THE FROG AND VERTEBRATES IN GENERAL 197

auriculo-ventricular aperture and into the left side of the ventricle.

There is more or less chance of mixing the venous and arterial

blood in the one-chambered ventricle, but this is minimized by
the structure of the ventricle.

The contraction of the ventricle now takes place in such a way
that the venous blood from the right side is first forced out through

the conus arteriosus. This latter vessel is so arranged that the

venous blood is forced into the pulmocutaneous arteries which run

to the lungs and the skin. The oxygenated blood from the left

side of the ventricle is next forced out, and this blood passes from
the conus arteriosus into either the carotid or systemic arteries

which, with their branches, supply all the other regions of the body.

Both the arteries and the veins break up in the tissues into a

dense network of microscopic, connecting capillaries. A certain

amount of the plasma of the blood together with some of the white

corpuscles are able to pass through the thin walls of the capillaries

into the lymph spaces and thus come into direct contact with the

tissues. The portion of the blood which leaves the closed vascular

system through the walls of the capillaries is the lymph. The
greater portion of the blood, instead of passing through the walls

of the capillaries, continues its more rapid course through the

capillaries and then into a vein leading back to the heart.

Course of Circulation in the Mammal. The general course

of the circulation in Mammals is the same as in the Frog, but the

complete separation of the right and left sides of the heart has

established a pulmonary circulation which is independent of the

systemic circulation. Blood from all parts of the body, except the

lungs, is received directly into the right auricle from the superior

and inferior vena cava. The contraction of the auricle forces

the blood through the tricuspid valves into the right ventricle,

from where it passes through the pulmonary artery into the lungs

for oxygenation. Leaving the lungs, the blood returns to the left

auricle through the pulmonary veins and thus completes the pul-

monary circulation. (W. f. 121, C.)

The contraction of the left auricle drives the oxygenated blood

through the mitral valve and into the left auricle. The strong

contractions of the latter drive the blood, under considerable

pressure, through the aorta and to the tissues of the body. In the

latter it passes through the capillaries, then into a connecting vein

and back to the heart, and thus completes the systemic circulation.



198 MANUAL OF ANIMAL BIOLOGY

One of the most interesting demonstrations of the functioning

of the vascular system is to be seen when a small portion of the

living interdigital web of the Frog's foot is observed under the

microscope. In such a demonstration, the characteristics of the

flow of blood through the arteries, capillaries, and veins can easily

be seen. Thus, it will be noted that the flow is most rapid through

the arteries, where a definite pulsation can be detected which,

of course, results from increased pressure due to the contraction

of the ventricle. The flow in the veins is much slower and no

pulsation is noted. The capillaries will be seen as very tiny ves-

sels through which the red corpuscles have to pass in single file.

All in all, an amazing impression of the vitality and omnipresence

of the vascular system is presented.

Functional. Our previous consideration of the vascular system

has shown that it is responsible for the transportation, to and from

the cells, of all essential materials. In order to get the details

clearly in mind, it will be well to enumerate the chief items trans-

ported, the methods of transportation, and the relations to other

life functions. (W. f. 126.)

Nutrition. The soluble food materials absorbed from the ali-

mentary canal by the mucosa cells are carried in solution in the

blood plasma and, except for the fats, go first to the liver through

the portal vein, where the digested carbohydrates are temporarily

removed and changed into glycogen by the hepatic cells. The

latter is replaced in the blood stream from time to time in such

amounts as are needed to supply the demands of the cells for

'quick energy.' Various amino acids, resulting from the digestion

of the proteins, are present in the blood plasma, and each cell

selects the particular ones necessary for the manufacture of its

specific protoplasm. Fats are largely absorbed by the lymphat-

ics (lacteals) in the villi of the intestine and pass through

the thoracic duct and then into the blood stream. (W. fs. 114,

115.)

Respiration. The blood of the Vertebrate transports the essen-

tial and continuous supply of oxygen obtained from gills, lungs, or

skin, almost entirely in the red corpuscles, where, as previously

noted, it combines with the hemoglobin to form oxyhemoglobin —
an unstable compound which lasts only until the oxygen-deficient

cells are reached. The oxyhemoglobin formed in the red corpuscles

gives arterial blood its bright red color. The carbon dioxide ex-
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creted from the cells is transported in the plasma, mostly in the

form of sodium bicarbonate, to the lungs, gills, or skin.

Excretion. It is believed that all the excretory products of the

cells are carried in solution in the plasma. These consist of the

carbon dioxide, already considered in connection with respiration,

nitrogenous wastes, and various inorganic salts in solution. These

nitrogenous and inorganic wastes are for the most part given off

into lymph by the contiguous cells, and reach the blood plasma

indirectly. The nitrogenous wastes are removed from the blood

stream by the selective action of the liver cells which change them

into urea and then return them again to the blood stream. The

urea, as well as the inorganic salts and excess water, are removed

from the blood stream by the specialized cells of the kidney tubules

and then passed to the exterior. The sweat glands in the skin

also remove considerable quantities of excess water, containing

small quantities of urea and salts, from the blood stream.

Secretion. The blood plasma carries the secretions, or hor-

mones, formed by the ductless glands, or endocrine organs,

examples of which will be noted in a later section. The hormones

are of vital importance in the economy of the organism and must

be present at all times in the blood stream, so that the tissue cells

can secure the necessary ones. For example, the absence of the

thyroid hormone will bring on a gradual deterioration and general

breakdown of nerve tissue, while the absence of an almost infini-

tesimal amount of the parathyroid hormone will almost imme-

diately throw the organism into violent paroxysms ending very

quickly in death.

Infection. The control of infection, which is due to the invasion

of some disease-producing organism, is largely a function of the

vascular system. This may be said to be accomplished in two

ways. In the first place there are certain chemical substances in

the plasma of the blood and lymph known as antibodies. Their

exact nature is unknown, but apparently they are able to render

the environment unsuitable to the invading organism. If the

parasitic organism does get a foothold, then more and more anti-

bodies are produced, presumably by the cells of the host, and

given off into the blood stream, until the disease is overcome.

Another method of disease control is through certain of the

white corpuscles, or leucocytes, which, as noted above, are amoeba-

like in structure and habits. At the time of an infection they are
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formed in great numbers in the blood, and they congregate at the

focus of infection and actually eat up, or phagocytize, the invading

bacteria. They are aided in this work by a particular type of

antibody, the opsonins, present in the plasma which makes the

bacteria palatable, as it were, to the leucocytes.

Of course, it is the lymph which actually bathes the cells and

comes into immediate contact with the infected areas and the

invading organism. The lymph, it should be emphasized, contains

both antibodies and leucocytes and is a first line of defense against

invasion. But the lymph itself in an infected area may pick up

some of the parasites or other substances harmful to the other

tissues of the host. Such lymph must not be permitted to enter

the blood stream for general circulation until the foreign materials

have been rendered harmless. This is the function of the lymph

nodes which are present at strategic points in the lymphatic

system. The lymph slowly filters through them and the cells of

the nodes are usually able to render the lymph sterile before

passing it on to the blood stream. (W. f. 124.)

Temperature control. The continuous and rapid flow of the

blood stream through all the tissues of the body serves to keep

all parts at a fairly uniform temperature. In general, however, the

blood picks up excess heat in the tissues, particularly muscle

tissue, where rapid metabolism is occurring, and it dissipates this

heat at the surface of the body through the skin. In the case of

the so-called cold-blooded animals, like the Frog and, in fact, all

the Vertebrates except Birds and Mammals, there is no constant

body temperature ; it varies according to the temperature of the

environment. Hence the vascular system is not so important in

connection with body temperature as it is in the warm-blooded

animals in which the temperature must not be permitted to vary

more than a slight amount. Here the vascular system plays an

all-important role under the direction of the nervous system, the

basic feature of which is a variation in the amount of blood sent

to the surface of the body. This is accomplished by changes in

the size of the skin vessels. If excess heat is being produced, a

greater proportion of the blood goes to the skin for cooling. If

the external environment is sufficiently cool, the condition of the

returning blood will be normal. On the other hand if the temper-

ature of the environment is high, the skin itself will be hot and no

cooling will result. In such a case the blood gives up excess water
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as perspiration. It evaporates and so cools the skin as well as the

blood passing through it. If perspiration is reduced, the tempera-

ture of the skin will rise, the blood coming to the surface will not

be cooled sufficiently, and the temperature of the body will rise.

This may be serious as in the case of a 'sun-stroke.'

Blood Clotting and Wound Healing. The conservation of the

blood when injuries occur is, of course, of vital importance if the

organism is to survive, and accordingly we find in the plasma of

the blood a mechanism which causes coagulation, or clotting. This

results in stopping the hemorrhage from the injured tissues, pro-

vided the wound is not too large. The solid clot which gradually

forms from the liquid plasma is the culmination of a complicated

series of reactions which are only imperfectly understood at

present. It appears clear, however, that an inciting agent (kinase)

is present in the injured tissues, and it, acting on the calcium salts

and prothrombin in the blood, forms thrombin. The latter

then reacts with fibrinogen, also in the blood, to form fine, insol-

uble, needle-like filaments of fibrin. A section of a blood clot

examined under the microscope reveals the fibrin elements in

great abundance throughout the clot, with the blood cells embedded

in them. Blood in a dish or other container will normally clot in

a few minutes. If it is stirred during clotting the filaments will

unite to form long fibers which, together with the enmeshed blood

cells, may be removed as a fibrous mass, leaving a blood fluid, the

serum, which will not clot.

In a wound, the fibrin filaments form a temporary and possibly

a permanent union of the tissues. Then the uninjured cells from

the nearby tissues move into the area and begin to divide and

form new tissues. Leucocytes are also present in great numbers.

If bacteria are present they ingest them and thus endeavor to

control the infection. They also remove the cell debris resulting

from the injured cells.

4. Excretory System

The excretory organs of the Vertebrates consist of the lungs,

skin, and kidneys. The lungs excrete carbon dioxide and water

vapor; the skin excretes small amounts of nitrogenous wastes

and various inorganic salts, all of which are in solution ; the kidneys

excrete the nitrogenous waste, urea, dissolved in water to form

urine as noted below, and salts in solution. Consideration has



202 MANUAL OF ANIMAL BIOLOGY

already been given in previous sections to the lungs and skin and,

therefore, we may now consider the kidneys. (W. pp. 180-187.)

The pair of kidneys of the Frog, or mesonephroi x as they are

technically termed, lie, as has been noted, in the coelom close to

the dorsal body wall. The microscopic study of these organs shows

that they consist of an enormous number of tiny, coiled, tubular

excreting elements, known as the uriniferous turules, which are

embedded in connective tissue. Each of these coiled tubes is, in

a general way, comparable in its structure to a single nephridium

of the Earthworm. In fact, considered from an evolutionary

standpoint, the Vertebrate kidney is generally believed to have

arisen by a consolidation of the nephridia-like tubules to form the

definite kidneys. (W. fs. 107, 132.)

Each uriniferous tubule has at one end a capsule-like structure,

known as the Malpighian rody. The latter is composed of an

enlarged portion of the tubule (Bowman's capsule) which is lined

with a peculiar type of cells and encloses a greatly coiled mass of

capillaries, and these constitute the glomerulus. 2 The wastes

from the blood are given off in the glomeruli and also in certain

other portions of the uriniferous tubules which are invested with a

network of capillaries. The question as to the specific functions

of these two portions of the uriniferous tubules is somewhat in

doubt. (W. f. 131, B.)

The uriniferous tubules of each kidney open into a common
collecting canal which, in turn, opens into the ureter. In the Frog,

there is no direct connection between the ducts from the kidneys

and the bladder ; all of which open directly into the cloaca. The

arrangement in the cloaca is such that the urine from the ureters

finds its way into the opening of the bladder. It collects in that

organ and is later expelled from the body through the cloaca. This

condition in the Frog is different from that found in Man and other

Mammals. In the latter the ureter from each kidney opens

directly into the bladder. A tube from the bladder, known as

the urethra, conveys the urine to the exterior through a separate

opening.

Three types of kidneys are recognized in the vertebrate animals,

namely, the pronephros, mesonephros, and metanephros. The

structure of all these types is basically the same. That is to say

the functional excreting elements are nephridia-like tubules, as

1 Singular, mesonephros. 2 Plural, glomeruli.
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described above for the Frog. There is, however, a difference to be

noted in the way the wastes from the blood are secured for excretion.

In the pronephros, which is the functional kidney in the lowest

vertebrates and a temporary organ in the embryos of all verte-

brates, there is no direct connection between the uriniferous tubules

and the vascular system. Wastes are removed directly from the

coelomic fluid through the ciliated nephrostomes as in the Earth-

worm. In the mesonephros the vascular connection is established

in the glomeruli as in the Frog, but remains of the coelomic con-

nection persist. The tubules of the metanephros found in the

Reptiles, Birds, and Mammals are connected only with the vas-

cular system, and show no evidence of the condition found in the

pronephric and mesonephric types.

The human kidney is a brown, bean-shaped body which lies in

the abdominal cavity, close to the dorsal body wall ; one on either

side of the vertebral column. The internal structure of the kidney

is best shown by a median longitudinal section dividing it in half.

The examination of the cut surface reveals three distinct regions,

namely, an outer cortex, a middle medullary portion, and an

inner pelvis. The cortex and the medullary portion are com-

posed of the functional tubules enmeshed in the connective tissue

elements for support.

It is found that the glomeruli, together with the convoluted

portion of the tubules, lie in the cortex where each is in direct

connection through the enclosed capillaries with a tiny branch of

the renal artery and the renal vein. The medullary portion of the

kidney extends from the outer cortex to the pelvis where it ends

in definite projections, the pyramids. This region consists largely

of the lower, or collecting, portions of the tubules, all of which

finally open at the tips of the pyramids. The pelvis of the kidney

is essentially a reservoir which receives the urine from the count-

less uriniferous tubules opening through the tips of the pyramids.

The urine leaves the pelvis through the ureter which carries it

from the pelvis to the bladder. (W. fs. 130, 131.)

Functional. In the Vertebrates, arterial blood containing urea

reaches the kidney through the renal artery. In the Frog and

many Vertebrates there is also a supply of venous blood received

through the renal portal vein. In all cases, the blood having

passed through the glomerular capillaries is collected into the

renal vein on its way back to the heart. During its passage
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through the capillaries contained in the Malpighian bodies and

those surrounding the convoluted portion of the tubules, urea and

various inorganic salts, both dissolved in water, are removed from

the blood, passed through the tubules, and finally reach the blad-

der through the ureters.

The composite waste product, urine, consists approximately of

96% water, 1.8% dissolved salts, and 2.2% urea. The last is a

white crystalline substance, containing more than 46% nitrogen,

and has the chemical formula of (NH2 ) 2CO. It is, of course, readily

soluble in water. It will be remembered that the actual synthesis

of urea is accomplished by the liver cells ; its removal from the

blood, by the kidney cells. Both the manufacture and the removal

of urea must be carried on continuously. Any impairment of

these functions by which the metabolic wastes of the cells are

removed will result very quickly in a general systemic poisoning.

5. Reproductive System

The sexes in Frogs are separate, but there is no great differenti-

ation in the external structural characters between the male and

female. The fore limb of the male is somewhat stouter and the

first digit of each hand is somewhat larger. During the breeding

season in the spring this digit becomes further enlarged. (W. pp.

188-195.)

Male Reproductive Organs. The male organs of reproduc-

tion consist of a pair of testes in which the sperm are developed,

and numerous fine ducts, known as the vasa efferentia, which

convey the mature sperm cells from the testes into the kidney

tubules. Each testis is a yellowish, capsule-shaped body which

lies on the ventral side and near the anterior end of each kidney.

The vasa efferentia extend into the kidney substance and there

connect with the canal system leading to the urogenital canal

which extends from each kidney to the cloaca. The urogenital

canals serve as common ducts for the wastes from the kidneys and

the sperm from the testes. Attached to each testis is a yellow fat

body. The latter are not directly concerned in reproduction, but

serve as storehouses for excess nutriment received during the

summer season. (W. f. 132.)

A microscopic examination of a testis shows that it consists

of many greatly twisted tubules, together with blood vessels,

nerves, and connective tissue elements. The tubules open near
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the center of the testis into the vasa efferentia. The other end of

each tubule is closed and lies near the outer wall of the testis. The
sperm develop from the primordial germ cells situated in the

walls of the tubules. The germ cells are typical in structure at

first, but after passing through the various stages (spermatagonia,

spermatocytes, and spermatids) they become greatly modified

cells each of which is made up of (a) a pointed head, containing

the male gametic nucleus
; (6) a middle piece, containing cyto-

plasm and centrosome, and (c) a long tail, or flagellum, which

has an active, vibratory movement, and enables the sperm cell to

move through a liquid with considerable rapidity. (W. f. 133, B.)

Female Reproductive Organs. The female organs of repro-

duction consist of a pair of ovaries in which the eggs are devel-

oped, and a pair of oviducts which carry the eggs to the cloaca.

There is also a pair of fat bodies, one of which is attached to each

ovary. Each ovary is really a thin-walled sac with an outer

covering which is a continuation of the peritoneum lining the

entire body cavity. This outer covering encloses a layer of ger-

minal epithelium containing the primordial germ cells from

which the eggs arise. The eggs are more or less grouped and the

ovary as a whole has a number of well-defined lobes. The organ

is very plentifully supplied with blood vessels. (W. f. 132.)

Each egg cell in the ovary is enclosed by a thin cell wall (vitel-

line membrane) which is surrounded by several layers of cells

(membrana granulosa). The ovarian egg with the surrounding

layers constitutes a Graafian follicle. The eggs arise from

cells which appear typical. They pass through various stages of

development and gradually increase in size until they are several

times the size of a somatic, or body cell. This growth results from

the gradual accumulation of reserve food material, and is a very

common phenomenon in the eggs of many animals. Except for

its large size, the mature egg shows a typical cell structure, and

is, therefore, very different from the highly modified sperm cell.

(W. f. 133, A.)

The eggs of the Frog reach their full development at only one

period each year. This is usually in the spring, at which time the

two ovaries, distended with masses of eggs, fill up a large portion of

the abdominal cavity. When the proper time arrives, the eggs

break through the thin ovarian wall and are drawn into the open-

ings of the oviducts. There is no direct connection between the
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ovaries and the oviducts as in the case of the testes and the vasa

efferentia.

Each of the coiled, tubular oviducts ends anteriorly in a ciliated,

funnel-shaped opening. These openings lie in the anterior end of

the coelom, one on either side of, and a considerable distance

anterior to, the ovaries. The action of the cilia in the funnels is

such as to cause a current to flow into them, and thus the eggs

are drawn into the oviducts. At the posterior end of each oviduct

before it opens into the cloaca there is an enlarged portion, known

as the uterus, in which the eggs collect, after passing down the

oviduct, and remain for a time before being discharged from the

body. During their passage through the oviducts the eggs are

coated with several layers of jelly which are secreted by glands

in the walls of the oviducts. The fertilization of the gametes and

the development of the zygote will be considered in the later section

on Vertebrate Development. (W. f. 132.)

6. Endocrine System

In the Frog and other Vertebrates there are a number of very

important glandular bodies, variously known as ductless glands,

ORGANS OF INTERNAL SECRETION, Or ENDOCRINE ORGANS. Struc-

turally they are all characterized by the absence of ducts, so that

the secretions which they manufacture, known as hormones, or

internal secretions, are passed directly into the blood stream

which carries them to all the tissues of the body. The cells of the

various tissues select from the blood the specific hormone which

is essential to their welfare. Remarkable results have been ob-

tained within the last few years by the investigations upon the

various endocr'ne organs, but even so our knowledge of them and

of their physiological actions is limited. This much is clear,

however, that the ductless glands — undoubtedly controlled in

the final analysis by the nervous system — exercise through their

secretions, the hormones, a considerable coordinating and control-

ling influence upon various tissues and organs — a function which

is generally known as chemical coordination. Some of the more

important of the ductless glands may now be noted. (W. pp.

196-198.)

Thyroid Glands. These consist, in the Frog, of a pair of tiny,

spherical bodies of a yellowish color, situated in the throat region

quite close to the larynx. They are richly supplied with vascular
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tissue. Studied microscopically the thyroid tissue is found to

consist essentially of vesicular structures, termed follicles. The

walls of the follicles are composed of a single layer of epithelial

cells enclosing a central cavity. The latter contains a secreted,

transparent material, known as the colloid substance, in which

there is the hormone, thyroxine. It is rich in iodin, and is ap-

parently formed as a secretion by the epithelial cells which con-

stitute the walls of the follicles.

The blood, which passes through the thyroid glands, picks up

thyroxine which is important in the life of the organism. It has

been definitely shown in the Frog that this substance has a specific

action upon the process of metamorphosis. If there is a lack of it,

metamorphosis will be inhibited. On the other hand, by supplying

this hormone to young tadpoles, metamorphosis can be brought

about at a very early stage. In Man a deficiency of thyroxine

results in serious pathological conditions, such as cretinism,

myxedema, and goiter. Its fundamental action in the tissues

appears to result in an increase in the oxidative processes. (W. f.

110.)

Pituitary Body. This endocrine gland is a composite structure

found on the ventral surface of the mid-brain. It consists partly

of nerve tissue from the infundibulum, originally derived from

the fore-brain, and partly of an ectodermal ingrowth, the hypophy-

sis, from the dorsal wall of the anterior end of the alimentary

canal. In Man an enlargement of the pituitary results in an in-

crease in the size of various tissues, particularly bone tissue of the

limbs and face — a disease known as acromegaly. In the Frog

there is experimental evidence that the hormone of the pituitary

body has a regulatory effect upon the thyroid gland. (W. fs. 140,

C; 142.)

Adrenal Bodies. The pair of adrenals in the Frog has been

previously noted, one lying on the ventral surface of each of the

kidneys. In the higher Vertebrates they are small rounded bodies

situated near the kidneys. The hormone secreted by these glands

is known as adrenin, and among other things it acts on certain

nerve endings which, in turn, bring about a contraction of the

muscles of the walls of the blood vessels. Thus it may be used in

stopping a hemorrhage or to cause an increase in the blood pres-

sure. (W. f. 132.)

Combination Glands. It is worthy of note that a number of
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important glands with ducts also form hormones and other sub-

stances which are passed directly into the blood stream. The

liver, for example, gives off bile which passes through the hepatic

ducts into the intestine, but the liver also secretes urea and sugar

directly into the blood stream. Again, the pancreas secretes

through its duct certain important digestive enzymes into the intes-

tine, but the pancreas also secretes a hormone, insulin, into the

blood, which influences the sugar metabolism of the body. Dia-

betes in Man is due to a lack of insulin. It has recently been

artificially isolated from the pancreas of various animals and is

now being used in the treatment of diabetes. Finally, the gonads

— both ovaries and testes — secrete certain hormones directly

into the blood which have a very specific action, particularly on

the development of certain structural features which serve to

characterize the two sexes.

7. Nervous System

We now come to a consideration of the vertebrate nervous sys-

tem. Previous discussions of the nervous system in various

Invertebrates have emphasized the paramount importance of this

specialized irritable tissue for the reception of environmental and

organic stimuli and for the proper coordination of the various

parts of the organism in response to stimuli received. These

basic functions are, of course, common to the vertebrate nervous

system and, in addition, the higher functions of memory and

intelligence come more and more into prominence and reach their

climax in the Primates. (W. pp. 198-217.)

The nervous system of the Frog can be separated into the follow-

ing components : (i) central nervous system. This consists

of the brain and spinal cord. The latter lies dorsal to the

alimentary tract in a special cavity, the neural canal, of the

vertebral column, (n) peripheral nervous system. This con-

sists of the paired cranial and spinal nerves which arise in the

central nervous system and run to all parts of the body, (hi) au-

tonomic, Or SYMPATHETIC, NERVOUS SYSTEM. This Consists

primarily of a pair of ganglionated cords lying close to the dorsal

body wall, (iv) sense organs. These are the specialized end

organs of the peripheral nervous system, adapted for receiving

various types of stimuli from the external environment. (W. fs.

107, 142.)
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I. CENTRAL NERVOUS SYSTEM

The central nervous system arises early in the development of

the embryo by the definite infolding of a portion of the ectoderm
of the dorsal body wall to form a hollow neural ture which runs
practically the entire length of the body. When first formed the

neural tube shows very little differentiation, but in a short time
the anterior end becomes enlarged and modified to form three

divisions, known as the fore-rrain, mid-rrain, and hind-brain.
From these the entire brain of the adult Frog is formed. The
remainder of the neural tube posterior to the brain retains through-
out life a considerable degree of its early character and becomes the
spinal cord of the adult. (W. fs. 140 ; 174, K.)

A. The Brain. Consideration may now be given to the external

structure of the fully-developed Frog's brain as seen from the
dorsal surface. The extreme anterior end consists of the fused

olfactory lores. A pair of olfactory nerves which innervate

the olfactory sense organs can be traced anteriorly from this re-

gion. Posteriorly, the olfactory lobes merge into a pair of elon-

gated bodies, the cererral hemispheres, which together con-

stitute the cererrum. Posterior to the cerebrum is an unpaired

structure, known as the diencephalon, which bears the pineal
rody. The parts of the brain so far enumerated develop from the

fore-brain. Just back of the diencephalon is a pair of optic

lores which constitute the part of the mid-brain seen from the

dorsal surface. Lying posterior and in close proximity to the

optic lobes is a transverse ridge of tissue which constitutes the

cererellum. Just back of the cerebellum is the medulla or-
longata which appears as a somewhat enlarged portion of the

anterior end of the spinal cord. The latter continues posteriorly

through the body without further marked differentiation. The
cerebellum and the medulla develop from the hind-brain. (W. f.

141, B.)

When viewed from the ventral aspect, the brain shows some
additional structural features. Beginning again at the anterior

end, it will be noted that the olfactory lobes are not so completely
fused as on the dorsal side. Lying posterior to the cerebral hemi-
spheres in the median line are the heart-shaped infundibulum and,

just behind it, the hypophysis which together form the pituitary

body. The portion of the brain lying ventral to the optic lobes
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and on which the infundibulum lies is known as the crura cerebri.

The pair of large optic nerves, which innervate the retina of the eye,

arise in the diencephalon and then continue ventrally and ante-

riorly a short distance. The two nerves meet in the mid-ventral

line where they cross each other, thus forming the optic chiasma

underneath which the infundibulum lies. The crossing of the

optic nerves, so that the fibers from the right side of the dien-

cephalon supply the left eye and vice versa, is a noteworthy feature

of the optic nerves in the Vertebrates. (W. f. 142.)

One of the characteristic features of the vertebrate central

nervous system is the fact that it is hollow. The central cavity

when first formed is quite large, but gradually the walls of the

central nervous system thicken and most of the original cavity is

thus obliterated, leaving only a small central canal which per-

sists in the spinal cord throughout life. In the brain the anterior

end of the central canal is connected with a series of cavities

(ventricles) which in turn communicate with each other through

definite openings (foramina). 1

The ventricles and the foramina arise as modifications of the

embryonic central cavity of this region of the central nervous

system. The ventricles may be seen to good advantage in longi-

tudinal sections through the brain in either a vertical (sagittal)

or a horizontal (frontal) plane. If, for example, a frontal section

through the brain is studied, the ventricles will be seen as paired

structures. The first pair of ventricles (lateral ventricles)

form the cavities of the cerebral hemispheres and extend anteriorly

into the olfactory lobes. The lateral ventricles are connected

near the posterior end of the cerebral hemispheres by the trans-

verse foramen of monro which communicates with the unpaired

third ventricle lying in the diencephalon. An optic ventricle

is present in each of the optic lobes. These communicate with

each other, also anteriorly with the third ventricle, and posteriorly

with the single large fourth ventricle which lies in the medulla.

The fourth ventricle decreases in size posteriorly and merges into

the central canal of the spinal cord. (W. f. 140, A, B, C.)

The brain of the higher Vertebrates is characterized structurally

by a great increase in the size of the cerebral hemispheres so that

they overshadow the other parts. This increasing dominance of

the cerebral hemispheres reaches its culmination in the Mammals,
1 Singular, foramen.
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and particularly in Man. The study of the brain of the Cat or of

the Sheep gives a good idea of the structure of the mammalian
brain. (W. f. 141, E.)

B. The Spinal Cord. The study of a section of spinal cord

shows it to be roughly circular in outline, but with a considerable

dorso-ventral flattening. It is covered by two membranes: an

outer, the dura mater, and an inner, the pia mater. The spinal

cord proper consists of an outer portion, the white matter, which
is composed largely of medullated nerve fibers running in a direc-

tion parallel to the cord, and a central portion, the gray matter.
In the layer of white matter there are two clefts ; one on the dorsal

side of the cord (dorsal fissure) and one on the ventral side of the

cord (ventral fissure) which is somewhat deeper. (W. f. 143.)

The gray matter, which is surrounded by the white matter,

really forms the greater portion of the cord. It extends both dor-

sally and ventrally into the white matter in such a way that it

forms a pair of dorsal, and a pair of ventral, horns. In the

center of the gray matter and, therefore, in the center of the cord,

is the central canal lined by epithelial cells. The gray matter

contains great numbers of nerve cells, or neurons, with long proc-

esses, the nerve fibers. The latter extend into the white matter

of the spinal cord and, finally, into one of the connecting spinal

nerves as indicated on page 213.

II. PERIPHERAL NERVOUS SYSTEM

A. Cranial Nerves. There are ten pairs of cranial nerves in

the Frog which arise from various regions of the brain as follows.

1. Olfactory Nerves. These arise in the olfactory lobes. They
pass anteriorly and somewhat laterally and innervate the olfactory

sensory cells lining the nasal chambers. (W. f. 142, 01.)

2. Optic Nerves. These arise in the diencephalon of the brain

and then form the optic chiasma which has been noted above.

From the chiasma one nerve runs to the retina of each eye and

innervates the sensory cells there. (W. f. 142, Op.)

3. Oculomotor Nerves. These arise from the ventral wall of the

mid-brain. They run to the eyes where they innervate certain eye

muscles and other parts of the eye as well.

4. Trochlearis Nerves. These arise posterior to the optic lobes on

the dorsal side of the brain and run to the eyes where they inner-

vate one pair of the eye muscles.
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5. Trigeminal Nerves. This is a large and important pair of

cranial nerves. Each trigeminal nerve arises by two roots from the

side and near the anterior end of the medulla. The two roots

unite to form a prootic ganglion from which arises the trigem-

inal nerve proper. Each prootic ganglion marks the origin also

of an autonomic nerve trunk. Each trigeminal nerve soon

branches into two parts : (a) the ophthalmic and (b) the maxillo-

mandirular. The latter divides again into two branches : (i) the

superior maxillaris and (ii) the mandibular. The various

branches of the trigeminal nerves innervate considerable portions

of the facial region, more particularly around the mouth, the

tongue, and the muscles of the lower jaw. (W. f. 142, Vg.)

6. Abducens Nerves. This pair arises from the ventral side of

the medulla, close to and on either side of the mid-ventral line.

Each nerve is distributed to certain muscles of the eye and also

connects with a prootic ganglion.

7. Facial Nerves. This pair arises from the medulla just pos-

terior to the trigeminal nerves. Each facial nerve divides into

two main branches : (a) the palatine and (6) the hyomandibular.

This nerve has a wide distribution to various parts of the face, nose,

and throat. Each also connects with a prootic ganglion.

8. A uditory Nerves. These arise from the medulla just posterior

to the facial (7) and run laterally on either side to innervate the

inner ear.

9. Glossopharyngeal Nerves. These arise from the medulla

posterior to the auditory (8) and together with the fibers of the

vagus (10). They innervate certain muscles and lining mem-

branes of the tongue and pharynx.

10. Vagus Nerves. These arise, as has been noted, in common

with the glossopharyngeal (9). Each of the vagus nerves has two

branches, the anterior one (ramus auricularis) being much

smaller. It runs forward and is distributed to the region of the

tympanum of the ear. The main branch of the vagus runs pos-

teriorly and gives off a number of small branches which innervate

the muscles of the shoulder. The remainder of the posterior

branch of this nerve is distributed to some of the important vis-

ceral organs, such as the esophagus, stomach, lungs, and heart.

(W. f. 142, Xg.)

In the higher Vertebrates, two other pairs of cranial nerves are

present: the spinal accessory (11) and the hypoglossal (12),
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which are distributed to the muscles of the shoulder, neck, and

tongue.

B. Spinal Nerves. There are ten pairs of spinal nerves in the

Frog, all of which arise in the spinal cord and are distributed to

various regions of the body. In the higher Vertebrates there is a

considerable increase in the number of pairs of spinal nerves.

Thus, in Man, there are 31 pairs. In all the Vertebrates, however,

the structure of the spinal nerves is essentially the same. Each

spinal nerve arises in the spinal cord by a dorsal and a ventral

root. The two roots unite a short distance from the cord to form a

single nerve composed, therefore, of both dorsal and ventral ele-

ments. On the dorsal root, just before its union with the ventral

root, there is a swelling known as the dorsal ganglion. The
dorsal roots are known as the sensory, or afferent, roots. Ac-

cordingly the nerve fibers of which they are composed are con-

nected with sensory nerve cells in the skin or other regions, which

receive the stimuli. The stimuli incite nerve impulses which are

conveyed to the spinal cord by the dorsal root. The ventral roots

of the spinal nerves are known as the motor, or efferent, roots.

They run from the spinal cord to the peripheral regions where

they connect with muscle tissue. The impulse, which has come

through the sensory dorsal root, is relayed by the spinal cord to the

proper motor ventral root, through which it reaches and stimulates

the muscles necessary to bring about the appropriate response.

The spinal nerves of the Frog are as follows. (W. fs. 142, 143.)

1. The first pair of spinal nerves arises from the anterior end

of the spinal cord just posterior to the medulla and emerges

from between the first and second vertebrae. Each of these nerves

usually gives off a small branch to the second spinal nerve and

then continues in a lateral direction into the muscles of the body

wall. (W. f. 142, Spn. 1.)

2. This is a large pair of spinal nerves. Each one usually re-

ceives a branch from the first nerve and also a branch from the

third. The second nerve with these branches forms the brachial

plexus. The important nerves which arise from this plexus sup-

ply the muscles of the shoulders and fore limbs. (W. f. 142, Br.)

3. The third pair of spinal nerves is small, and each, after giving

off a branch to the brachial plexus as noted, can be traced laterally

into the musculature of the body wall. (W. f. 142, Br.)

4. 5, and 6. These three pairs of small nerves, which arise from the
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spinal cord near the center of the abdomen, are distributed to the

muscles of the body wall in the abdominal region. (W. f. 142, Sp. 4.)

7, 8, and 9. These three pairs of large spinal nerves run poste-

riorly and laterally and soon anastomose on each side of the body

to form a large and important sciatic plexus, from which arises

the sciatic nerve that innervates each hind leg. The seventh

spinal nerve, anterior to the plexus, gives off a small nerve which

is distributed to the abdominal muscles. The sciatic nerves can

be traced into the legs. Numerous branches are given off which

innervate the various leg muscles. (W. f. 142, Js.)

10. This pair arises near the posterior end of the spinal cord.

The tenth nerve usually receives a small branch from the ninth,

and together they form a small plexus which chiefly innervates

parts of the urogenital system. An eleventh pair of spinal nerves

is occasionally found which, when present, joins this plexus.

C. Histology of Nerve Tissue. The microscopic study of nerve

tissue shows that it is composed of highly specialized nerve cells,

or neurons. The neurons are structurally distinctive in that each

cell body possesses a long process, termed the axon, and one or

more shorter irregular processes, termed the dendrites. The den-

drites convey impulses to the cell, while the axon conveys impulses

away from the cell. A nerve consists of a large number of axons

bound together by connective tissue elements. Each of the axons

in a nerve, if traced to its source, will be found to have its origin

in the cell body of a single neuron which may be located a con-

siderable distance from the peripheral end of the nerve. The cell

bodies are not found indiscriminately placed along the nerves, but
?

in general, they are grouped in the central nervous system and in

ganglia such as those present on the dorsal roots of the spinal

nerves. (W. fs. 7 ; 32, F; 138.)

A microscopic examination of a section through a nerve shows

that its method of construction may be compared in a general way
to that found in a telephone cable. Covering the nerve is a con-

nective tissue sheath, the perineurium, from which strands of

connective tissue are given off. These strands divide the nerve

into a number of compartments, the funiculi, each of which

encloses a great many microscopic nerve fibers, or axons. Carrying

the analysis further, each of the axons is found to have a thin con-

nective tissue sheath, the neurilemma. Lying between the outer

neurilemma and the enclosed axon is a comparatively heavy sheath
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of fatty tissue, the medullary sheath. Each axon in this cable-

like nerve is thus separated, or as we might say, insulated, from

all the other nerve elements by the medullary sheath and neu-

rilemma, and all the elements in a nerve are bound together by

the connective tissue fibers which are continuous with the outer

perineurium. A nerve fiber, such as just described, is known as

the medullated type in distinction from the non-medullated

type, frequently found in the autonomic nervous system, in which

the medullary sheath is lacking. (W. f. 138, D.)

III. AUTONOMIC NERVOUS SYSTEM

There are two main nerve trunks in this division of the nervous

system which lie dorsally in the coelom, one on either side of the

spinal column. Each trunk originates in the head region in a

prootic ganglion which, as stated, is formed by the fifth, sixth, and

seventh cranial nerves, and may be regarded as a chain of ganglia.

The ganglia receive one or more branches (ramus communicans)

from each of the spinal nerves shortly after it emerges between

the vertebrae. (W. f. 142, Sg. 1, 10.)

Branches from the autonomic system innervate various impor-

tant organs of the body. In the anterior part of the body these

branches innervate the muscular walls of the subclavian and occip-

ito-vertebral arteries, as well as the anterior ends of the oviducts.

Farther posteriorly, a number of branches form a very important

nerve center, the solar plexus, from which nerves are distributed

to the important abdominal organs including the stomach, in-

testine, liver, pancreas, and parts of the urogenital organs. Still

farther posteriorly, branches from this system form the uro-

genital plexus which innervates various urogenital organs. The

autonomic nervous system is responsible for the involuntary con-

trol of many of the most important organs of the body, acting

largely through the medium of the unstriated muscle tissue.

iv. sense organs

The sense organs are composed of essential and accessory

parts. The essential part of a sense organ consists of peripheral

sensory cells which are capable of receiving one or more types of

stimuli from the external environment. Accessory structures are

also generally present in sense organs, which aid in various ways

in bringing the stimulus to the nerve tissue. For example, the
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lens of the eye is an accessory structure which focusses the light

rays on the sensitive cells of the retina.

A. Contact Stimulus or Sense of Touch. The sense of touch is

located in the skin. Scattered through the skin there are special-

ized sensory end organs, known as tactile corpuscles, which lie

just under the epidermis. These tactile corpuscles consist of a

small group of flattened cells, in close connection with which are

tiny nerve endings which respond to contact stimuli ; other sensory

areas in the skin are sensitive to heat, cold, pain, etc.

B. The Chemical Sense. The skin of the Frog as a whole is

sensitive to chemical stimuli. If, for example, a drop of weak acid

is placed on the skin of any region it will stimulate sensory cells

there present, and the animal will endeavor to wipe off the acid.

However, the chemical sense is best developed in the mouth and

in the olfactory organs. The sense of taste is primarily a chemical

one, and there are many groups of specialized sense cells scattered

over the surface of the tongue and also, more or less generally,

over the entire lining of the mouth. The taste organs consist of

epithelial cells together with elongated sensory cells. Each of the

latter is connected by fine processes with a nerve. The various

chemical substances in the food stimulate, or excite, these sensory

cells, and the impulses thus set up are received by the central

nervous system over the connecting nerve fibers. (W. f. 146, B.)

The sense of smell located in the nasal cavity is also a chemical

sense. The air which is drawn into the nasal cavity through the

external nostrils comes in contact with sensory cells which line this

region. These cells are extremely sensitive to very minute quanti-

ties of chemical substances present in the air. A microscopic study

of the tissue lining this cavity shows that this inner membrane is

made up of a basal connective tissue portion and an outer layer

of olfactory epithelium. The latter contains three types of

cells, the olfactory, basal, and interstitial. The olfactory cells

are the true sensory cells. They are greatly elongated, and at the

outer free end of each, which forms a portion of the lining of the

nasal cavity, there are a number of fine protoplasmic processes.

These structures, in some way, are influenced by the chemical

substances present in the air, and the resulting impulses are passed

to the connecting nerve. (W. f. 146, A.)

C. The Sense of Hearing and of Position. The ear is a sense or-

gan which is adapted for receiving two types of stimuli ; those of
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sound and those of position, or equilibrium. In the higher Verte-

brates, the ear consists of three parts : (1) the outer ear, which

is modified for collecting the sound waves
; (2) the middle ear,

which receives the waves thus collected and conveys them to

(3) the inner ear, which is the essential part and contains the

nerve tissue. In the Frog, however, the outer ear is lacking, and

the sound waves come first into contact with the tympanic mem-
brane. (W. f. 148.)

Considering, first, the structure of the middle ear, it should be

noted that it is an accessory structure by which the sounds are

conveyed from the external environment to the inner, essential

sensory tissue of the ear. The middle ear of the Frog, which lies

near the outer surface of the body, begins with the tympanic mem-
brane, as noted above. The latter forms the closing membrane of

a tube which constitutes the cavity of the middle ear, and which

communicates with the mouth cavity by means of the Eustachian

ture. The openings of the Eustachian tubes in the mouth have

been previously noted. The tympanic membrane is of such a

nature that the impinging sound waves cause it to vibrate, and these

tympanic vibrations are then conveyed through the cavity of the

middle ear and into the inner ear by a rod, the columella, one end

of which is attached to the tympanic membrane, and the other

end to a portion of the inner ear. In the higher Vertebrates, the

columella is replaced by three bones in the middle ear, which are

termed, in accordance with their shape, the malleus, incus,

and stapes, or commonly, the hammer, anvil, and stirrup. Col-

lectively they constitute the auditory ossicles.

The inner ear lies in a specialized bony cavity of the skull,

known as the auditory capsule, and is surrounded by the liquid

perilymph which fills the auditory capsule. The inner ear con-

sists of a very complicated structure, known as the memrranous

laryrinth, which contains the essential sensory tissue. The

membranous labyrinth is composed of a large upper portion, the

utriculus, which is concerned with the sense of position, and a

small portion lying below, the sacculus, which is concerned with

the sense of hearing. The sacculus has an irregular, bag-like shape,

is filled with a fluid known as the endolymph, and contains the

nerve endings. The vibrations of the columella cause vibrations

in the endolymph and these, in some way, influence the sensory

cells. The impulses thus received are conveyed to the brain by
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the auditory nerves (eighth cranial) and thereby give rise to

the auditory sensations. (W. f. 147.)

The utriculus, in which the sense of position is located, consists

of a basal part attached to the sacculus, and bears three semi-

circular canals which lie primarily at right angles to each other.

The utriculus also contains endolymph surrounding the sensory

nerve cells. Movements in the endolymph stimulate the sensory

cells and thus bring about a sense of position. Experimental work

has shown clearly that when the labyrinth with the semicircular

canals is removed from both sides of the head, the Frog is not able

to regulate its position at all. If the labyrinth is destroyed on only

one side an asymmetrical attitude of the Frog results ; the head

being tipped one way or the other depending upon which side has

been operated on.

In the higher Vertebrates, including Man, a greatly coiled struc-

ture, known as the cochlea, develops from the sacculus. It is

regarded as a derivative of the sacculus of the ear in the lower

Vertebrates. The cochlea becomes the essential part of the ear

for the function of hearing. It contains an extremely complex

structure, known as the organ of corti, in which the nerve end-

ings are located. The vibrations of the auditory ossicles are com-

municated to the endolymph present in the cochlea and in the rest

of the membranous labyrinth at a certain region of the vestibule

known as the oval foramen. (W. f. 148.)

D. The Sense of Sight. The eyes, which have as their specific

function the reception of light, or photic, stimuli, lie in special

cavities, or orrits, on the dorsal and lateral wall of the head. The

eye is spherical in shape, and is composed of several layers of tissue.

It is covered on the outside by a strong, connective tissue sheath,

known as the sclerotic coat, which forms a continuous covering

of the eye, except for one small area in the posterior region where it

is pierced by the optic nerve running from the eye to the brain.

Posteriorly, the sclerotic coat of the eye is opaque, but in the front

there is a transparent region, known as the cornea, through which

the light rays can pass into the interior of the eye. (W. f. 150.)

Attached to the sclerotic coat are several eye muscles which move

the eye in various directions. In the first place, there is a large

retractor rulri muscle attached to the posterior portion of the

eyeball. When this muscle contracts the eye is drawn back into

the orbit. The eye is protruded from the orbit by the contraction
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of the levator bulbi muscle which lies obliquely along the ventral

part of the orbit. 1 The other muscles are (1) a pair, the superior

and interior recti, which rolls the eye up or down
; (2) a pair, the

anterior and posterior recti, which rolls the eye to the right or

left, and (3) a pair, the superior and inferior oblique muscles,

which gives the eye oblique movements.

Lying within the sclerotic layer is the thin choroid layer. It

contains many blood vessels, is deeply pigmented, and, anteriorly,

forms the colored portion of the eye, or iris, in the center of which

is a circular opening, the pupil. The iris also contains muscular

elements, and in its functioning may be compared to the iris

diaphragm in a camera. When there is not enough light the radiat-

ing muscles in the iris contract, thus enlarging the pupillary open-

ing, through which light is admitted to the interior of the eye. In

bright light, the circular muscles of the iris contract and this

results in a constriction of the pupillary opening so that only a

small amount of light is admitted to the sensitive portions of the

eye.

The innermost layer of the eye is the retina. This contains the

sensory cells which are adapted for receiving the photic stimuli and

passing them on to the optic nerve. The retina lines the greater

part of the eyeball, but does not extend to the anterior surface as

do the other two layers. It consists of (a) a thin outer layer con-

taining pigmented cells, which lies next to the choroid coat of the

eye and (6) a thicker sensitive layer containing the nerve tissue,

which forms the inner lining of most of the eye cavity. The
sensitive layer of the retina is an extremely complex structure, and

a microscopic study of properly prepared material shows that it is

composed of no less than nine layers of tissue, the last of which is

the sensory tissue composed of very highly specialized cells showing

two structural types, the rods and the cones. The former are

more numerous and appear as narrow, elongated bodies with dis-

tinct striations. The rods also show a differentiation into a larger

and a smaller type. The cones are considerably larger but not so

elongated as the rods. (W. fs. 150, 151.)

The optic nerve enters the retina posteriorly. It passes through

the retinal layers giving off fine branches which run to all portions

of the retina and, finally, innervate the essential rod and cone cells.

The part of the retina where the optic nerve enters lacks these

1 The two muscles just described are not present in the human eye.
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light-receiving elements, and is designated as the blind spot.

Just to one side of the blind spot is the region of the retina

(fovea centralis) where the vision is most acute. (W. f. 150.)

Having now considered the three separate layers which form

the wall of the eyeball, mention should next be made of an impor-

tant accessory structure, the crystalline lens, which lies an-

teriorly. The lens serves to focus the light rays on the retina.

It is enclosed in a membrane to which the ciliary muscles, located

near the base of the iris, are attached. These muscles act in such

a way as to alter the convexity of the lens so that either near or

far objects may be brought to a focus. The small cavity of the

eyeball lying between the iris and the lens is known as the pos-

terior chamber and the larger cavity lying between the iris and

the cornea is known as the anterior chamber. Both of these

cavities are filled with a watery, transparent fluid, known as the

aqueous humor. Back of the lens is the vitreous chamber
which is the largest chamber of the eye, and contains a semisolid,

transparent substance, the vitreous humor.

V. FUNCTIONS OF THE NERVOUS SYSTEM

In considering the functions of the various parts of the nervous

system it is to be noted that the brain is regarded as the main
directing center of the body. In it myriads of adjustments are

consummated which are necessary in arranging for the correct

responses to all types of stimuli. In a general way, it can be stated

that the spinal cord is dominant to the peripheral regions of the

nervous system ; that the brain is dominant to the spinal cord,

and that the cerebral hemispheres at the anterior end of the

brain are the chief dominating and directing agencies of the nervous

system as a whole and therefore of the entire body. Furthermore,

if the Frog can be said to possess the power of purposive thinking,

or intelligence, it is located in the cerebral hemispheres.

However, experimental work involving the complete removal of

the cerebral hemispheres of the Frog has shown that such an animal

can continue to live and carry on most of the functions in a

normal manner except that a certain amount of spontaneity is

lacking. Although it is known that the chief coordinating centers

of the Frog's brain lie in the optic lobes, it can be shown experi-

mentally that the brain may be completely extirpated as far back

as the medulla, and the animal will recover and be able to carry
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on a number of regularly coordinated movements. It is clear,

therefore, that such actions do not necessarily involve the an-

terior parts of the brain. Responses of this type which do not

involve the higher parts of the brain are known as reflex

actions. The hind-brain and the anterior end of the spinal cord

are particularly adapted for the more involved types of reflex

action. There are many reflex actions of a lower grade which are

located even farther posteriorly in the spinal cord.

Good examples of reflex actions may be seen in many of our

own reactions. If, for example, a finger touches a hot surface it is

immediately jerked away. This is a reflex action and as such does

not involve definite thought on our part. In such an action the

impulse from the sensory cells in the skin enters the central nerv-

ous system through the dorsal root of a spinal nerve. In the

spinal cord the impulse is relayed to the proper motor cells and,

leaving the spinal cord through a ventral root, reaches the connect-

ing muscles and incites the appropriate response. Or, in learning

to walk, each step involves thought, but after a time the actions

become largely reflex in their nature, and the higher brain centers

are thereby freed for other more important functions. Thus it

is with many other similar actions which are first acquired by

conscious effort. (W. f. 143.)
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XVI. VERTEBRATE DEVELOPMENT

A. Development of the Frog

The Frog's egg when observed with the naked eye appears as a

tiny sphere composed of a dark-colored portion, termed the animal

pole, and a light-colored portion, termed the vegetal pole.

Each egg is enclosed in a transparent vitelline membrane around

which are the layers of jelly. A microscopic study of prepared

sections shows that the protoplasm of the egg is largely concen-

trated in the animal pole. This fact is emphasized by the unusual

position of the nucleus which lies approximately in the center of the

animal pole. The vegetal pole contains a large proportion of non-

living food material, or yolk, for the use of the embryo during the

early stages of development before it is able to take in food from

the external world. (W. pp. 238-267.)

1. Fertilization

The sperm and the eggs of the Frog are both discharged directly

into the water. The former by their active swimming movements

reach the eggs and fertilization takes place. It is probable

that the sperm are attracted by certain chemical substances given

off by the eggs. In fertilization the nucleus of the egg and the

nucleus of the sperm unite in the egg cell to form the synkaryon

just as has been noted previously in the Invertebrates. If the

eggs are not fertilized no development takes place, and disintegra-

tion begins after they have been in the water for a while. When an

egg has been fertilized the synkaryon prepares at once for mitotic

cell division. A typical spindle is formed, and the egg soon divides

into equal halves which remain enclosed within the vitelline

membrane.
2. Early Development

Cleavage. In general, the animal pole of the Frog's egg divides

more rapidly than the vegetal pole. The latter is retarded by the

large proportion of inert food substances, or yolk, which are pres-

ent in it. The early cleavages generally occur in a regular order

which may be described as follows.
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Figure 12

A reproduction of the famous frontispiece from Harvey's De Generatione

Animalium, published in 1651. Zeus is here shown liberating all types of

animals from the egg. Note the inscription "Ex ovo omnia " on the egg shell.
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(1) The first plane of cleavage begins near the center of the

animal pole and extends down through the vegetal pole, thus

cutting the egg into two equal sized cells, each composed of a

portion of both the animal and vegetal poles. (W. f. 174, A.)

(2) The second cleavage is at right angles to the first, but in the

same direction, so that the embryo now consists of four similar

cells, each composed of material from both poles. (W. f. 174, B.)

(3) The plane of the third cleavage is at right angles to the

first and second. It cuts the quadrants, previously formed, in

the region which separates the animal pole from the vegetal pole.

The resulting eight cells consist of an upper quartet of small, dark-

colored cells formed from the animal pole, and a lower quartet of

large cells formed from the vegetal pole. (W. f. 174, C.)

(4) The fourth and fifth cleavages are parallel to the first and

second, but between them. They both begin in the animal pole

and slowly extend through the vegetal pole.

(5) The sixth cleavage is parallel to the third, but lies above

it and is, therefore, entirely in the animal pole.

(6) After the sixth cleavage the divisions become more or less

irregular. As a result of the more rapid division of the dark-

colored cells of the animal pole, they are much smaller after a time

than those of the vegetal pole. (W. f. 174, D.)

Blastula. At about the 24-cell stage definite indications are

found of an internal cavity, termed the segmentation cavity, or

blastocoel, situated well toward the animal pole of the egg. As

cleavage continues, this segmentation cavity, as shown by a study

of prepared sections, increases in size. It is enclosed above and on

the sides by layers of the dark cells, and, in the same way, below

by the larger white cells. Such a stage constitutes the blastula

of the Frog's egg, and it has the general external appearance of a

golf ball with approximately one-half of the surface (animal pole)

blackened. (W. f. 174, D, E, F.)

Gastrula. Typically a gastrula is a two-layered sac which

develops from the one-layered blastula by invagination of a portion

of the outer ectoderm to form an inner endoderm layer. In the

Frog, however, owing to the large amount of yolk stored in the

vegetal pole, the invagination of the ectoderm is considerably

modified, and the two-layered gastrula stage is reached partly by

an overgrowth and partly by an invagination of the dark ectoderm

cells. The comparatively rapid growth and division of the dark
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cells results in an actual covering up of the light-colored cells of the

vegetal pole so that as the process proceeds, the area of the vegetal

pole as seen externally constantly diminishes, until finally only a

tiny portion, the yolk plug, remains. (W. f. 174, G.)

Coincident with the overgrowth there is a turning under, or

invagination, of the outer dark ectoderm cells to form the two-

layered gastrula. This process begins in a small area (gray cres-

cent) lying near the boundary between the dark and white cells.

The area of invagination soon becomes circular in outline, and then,

as the growth over the white cells continues, contracts in diameter,

finally reaching the stage noted above, where only a tiny area of

the white cells, the yolk plug, is visible externally. The circular

area of invagination is known as the blastopore. It indicates the

posterior end of the embryo and the approximate position of the

future anal opening. (W. f. 174, /.)

Inside the embryo at this stage, a considerable amount of endo-

derm has formed near the blastopore. It is thickest on the dorsal

side but spreads laterally, soon forming a definite layer beneath the

ectoderm. It obliterates the original blastocoel and a new endo-

dermal-lined cavity is formed, which constitutes the primitive ali-

mentary canal, or enteron, of the embryo. It terminates pos-

teriorly at the blastopore which, as mentioned above, marks

approximately the position of the permanent anal opening. The

mouth opening is later formed at the opposite end of the develop-

ing embryo. During gastrulation the mesoderm is also forming

in the region of the blastopore as a layer between the ectoderm

and endoderm. The ectoderm, endoderm, and mesoderm con-

stitute the primary germ layers from which all the tissues and

organs of the Frog develop. (W. f. 174, H.)

During the process of invagination, a median longitudinal strip

of cells lying above the enteron begins to differentiate and to be-

come separated from the mesoderm. From it an axial rod of

tissue, the notochord, develops. This is the forerunner of the

segmented, bony vertebral column which later develops around

the notochord. An external examination of an egg at about this

stage, when the blastopore is nearly closed, shows a differentiation

of the ectoderm on the dorsal side of the body to form the medul-

lary plate which is the forerunner of the central nervous

system. The edges of the medullary plate, on either side of the

median line of the embryo, become enlarged and somewhat ele-
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vated to form the medullary folds. A little later the two folds,

running almost the length of the body, meet above the neural

groove in the midline and fuse, and thus a dorsal neural tube

of ectoderm is formed. From this ectodermal neural tube the

differentiated brain and spinal cord later develop. (W. f. 174, /.)

3. Later Development

Synchronously with the formation of the central nervous system

from the ectoderm, as just described, the embryo begins to lose

the spherical shape of the original egg and to elongate in an antero-

posterior axis so that the definite body regions can be identified.

Anteriorly the head is indicated, and just back of it on each side

of the body, the ectoderm becomes thickened and modified to form

the elevated gill arches through which lateral openings into the

pharynx (gill slits) later appear. Anterior to the gill region, a

swelling can be seen on the side of the head, which is the beginning

of certain sense organs. The ventral and posterior regions of the

body are still very heavily loaded with yolk material at this time.

Projecting from the extreme posterior end, on the dorsal side of

the embryo, is the tail bud which grows posteriorly to form the

tail region. A depression on the anterior ventral surface of the

head indicates the position of the future mouth, and a similar

depression at the posterior end of the body, near the original blasto-

pore, marks the future position of the anus. Just posterior to the

mouth depression, a crescent-shaped area indicates the ventral

sucker. During all the changes thus far, the animal is not feeding,

but is getting its nourishment from the utilization of the food

materials which were stored in the vegetal pole of the egg. (W. f.

174, J.)

The microscopic examination of a longitudinal section, in a

sagittal plane, through an embryo in the 'tail-bud' stage shows the

following condition. There is an outer covering of ectoderm cells.

Lying ventral to the ectoderm, on the dorsal side, is the neural tube,

just formed by the fusion of a portion of the dorsal ectoderm. The

neural tube runs the entire length of the embryonic body and, at

this stage, shows very little differentiation. At the anterior end of

the embryo it curves ventrally, and the closed end lies in the ventral

half of the body. The curved, anterior end of this tube differenti-

ates into the fore-brain and the mid-brain. The hind-brain

develops from the region of the neural tube lying just posterior.
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At the posterior end of the body the neural tube also bends ven-

trally, and in that region its cavity connects for a time through the

neurenteric canal with the cavity of the enteron. (W. f. 174,

K.)

Lying ventral to the neural tube is the solid rod-like notochord,

and lying below this the enteron, the walls of which are composed

of endodermal cells. The enteron runs the entire length of the

body. In the head region the cavity of the enteron is very much
larger than it is posteriorly and this enlarged portion constitutes

the primitive pharynx. Various portions of the alimentary canal

differentiate from it later. A projection of the pharynx runs pos-

teriorly under the yolk mass, close to the ventral body wall. The

liver is formed from this diverticulum, and it is consequently

known as the liver diverticulum. Anterior to this, between

the ventral wall of the pharynx and the body wall, is a space which

contains a few scattered embryonic mesoderm cells. These cells

represent the rudiment of the future heart.

Back of the pharynx, the enteron continues as an undifferen-

tiated tube to the posterior end of the body, where it communicates,

as noted above, with the cavity of the neural tube. At this time

the permanent anal opening has not been formed, but a little later

it breaks through the body wall, just below the embryonic blasto-

pore, and the temporary connection with the neural tube is also

lost. A considerable mass of yolk material is present in the embryo

at this stage. The cells containing this material are largely

grouped in the posterior half of the embryo, between the ventral

wall of the enteron and the ventral wall of the embryo. By the

time this food has been utilized, the mouth and anal openings have

been formed and the embryo can begin to feed.

Lying on either side of the neural tube and notochord, in a some-

what triangular space bounded externally by the ectoderm, is the

mesodermal tissue. The mesoderm is first formed as two sheets of

tissue running anteriorly from the blastopore, one on either side of

the neural tube and notochord. They grow laterally and ventrally,

and soon become separated by a longitudinal division into a dorsal

portion (verterral plate) and a ventral portion (lateral plate).

The vertebral plates soon show evidence of segmentation, and

divide transversely into a number of muscle segments, or myo-

tomes. The lateral plates of mesoderm grow ventrally and

extend around the ventral half of the embryo until they meet and
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fuse in the mid-ventral line, thus forming a complete layer of meso-

derm, just under the ectoderm and enclosing the endoderm.

Before this process has been completed, each lateral plate splits

into an outer layer, known as the somatic layer, which is closely

applied to the ectoderm of the body wall, and an inner layer, the

splanchnic layer, which encloses the endoderm of the enteron,

and later gives rise to the supporting and muscular elements of

the wall of the alimentary canal. Between the somatic layer and

splanchnic layer a cavity develops which is the permanent body

cavity, or coelom. 1

Rapid growth of the embryo continues, and in a few days after

fertilization a free-swimming, fish-like tadpole has developed with

definite head, trunk, and tail. By this time the embryo has

hatched ; that is, it has emerged from the capsule of jelly enclosing

it. The enteron has developed into a long, coiled intestine

which is typical of herbivorous animals. External respiratory or-

gans are present in the form of branched gills which arise from

each side of the head. These persist only a very short time and are

replaced by internal gills lying in the gill slits which open into

the pharynx. Definite sense organs (eye, nose, and ear) can be

identified in the head region. The tail has grown posteriorly to a

considerable length. Along each side of the body the primitive

muscle segments, myotomes, as noted, can be seen lying inside

the outer ectodermal covering. Limbs are not present at this

time. (W. f. 175.)

4. Derivation of the Organs

As already noted, all the tissues and organs of the Frog develop

from the three primary germ layers. The tissues derived from the

ectoderm include the epidermis which forms the outer covering

over the entire body, also the central nervous system with all of its

later development.

The endoderm gives rise to the original wall of the primitive

enteron, and these cells remain as the permanent lining of the

alimentary canal so that, even in the adult condition, the alimen-

tary canal is lined for almost its entire length by cells which have

been derived from the endoderm. There is a portion of the mouth

cavity (stomodaeum) where the ectoderm is slightly invaginated,

1 This development of the coelom is essentially the same as in the Earthworm
which is illustrated in W. f. 173, J, K.



VERTEBRATE DEVELOPMENT 229

and also a region at the extreme posterior end (proctodaeum) of

the alimentary canal where the same condition prevails. In addi-

tion to lining the alimentary canal, the endoderm cells also form

a number of organs which develop originally as outgrowths from

the alimentary canal. These associated organs all form in much

the same way by an outpocketing of the endodermal wall of the

enteron to form either single or paired structures which later dif-

ferentiate into various important organs, such as the lungs,

THYROID GLANDS, LIVER, PANCREAS, and BLADDER. (W. fs. 110 ;

174, K.)

From the important mesoderm layer are formed the muscular,

vascular, and connective tissues of the body. Previous men-

tion has been made of the division of the mesoderm into the verte-

bral and lateral plates. The myotomes of the former, together

with the somatic layer of the lateral plates, give rise to the muscle

tissue of the body wall and appendages, together with the connec-

tive tissues, vascular elements, etc. ; while the muscle layers, and

other elements of the wall of the alimentary canal, except the endo-

dermal lining, are derived from the splanchnic layer. The coelom

is lined with peritoneum which is continuous over the alimentary

canal and other organs. Both the somatic and splanchnic layers

contribute to the formation of the peritoneum. From it arise the

mesenteries by which various organs are attached to, and sus-

pended from, the walls of the coelom. The mesoderm also gives

rise, for the most part, to the urogenital system. (W. f. 95, B.)

The fact should be emphasized that the organs, in general, are

not formed from a single tissue, but on the contrary represent a

mosaic of various tissues. The liver, for example, is fundamentally

an endodermal organ, but not exclusively so, for it contains vas-

cular, connective, and nervous elements derived from both the

mesoderm and ectoderm.

5. Metamorphosis

After a period of time, the length of which shows a great deal of

variation among different species of Frogs, the fish-like larva, or

tadpole, undergoes radical changes both in structure and habits.

These changes constitute a process of metamorphosis, and result

in the formation of an air-breathing, adult Frog with two pairs of

limbs and no tail. Experimental work in recent years has shown

that the process of metamorphosis in the Frog is controlled to a
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great extent by the hormone secreted by the thyroid gland. The

chief changes which occur during metamorphosis may now be

noted

:

(a) In the development of limbs, a swelling appears on either

side of the body at the base of the tail. These are the posterior

limb buds, and they continue to grow rapidly and soon form the

hind limbs. The fore limbs, which develop later, are formed from

tissues of the body wall in the gill region. If the gill covering is cut

away in this region at the proper time, the tiny fore limbs may be

found beneath ; one on either side. Before metamorphosis is com-

pleted the fore limbs break through the operculum, so that at this

stage we have a tadpole with two pairs of limbs and also with a

long tail. (W. f. 175, F-J.)

(b) Shortly after the appearance of the fore limbs, the tail be-

gins to decrease in size, and this process continues until, by the

time metamorphosis is completed, it is entirely resorbed. It is not

clear as to just how these degenerative changes in the tissues of

the tail are brought about. (W. f. 175, K.)

(c) During metamorphosis, great changes take place in the ali-

mentary canal. In the tadpole, this structure is very long and

coiled and without much differentiation between the various re-

gions. Such a type of alimentary tract is adapted for securing

nourishment from plant tissues which form the greater part of the

food of the tadpole. The metamorphic changes cause a great de-

crease in the length of the tract, and a greater degree of differenti-

ation between the various regions. These structural changes

adapt the alimentary canal for the digestion of animal tissues which

form the greater part of the food of the adult Frog.

(d) During metamorphosis the lungs, which started to develop

very early in the embryonic life and then stopped, begin their

growth anew and form a pair of elongated, distensible, tubular

sacs with highly vascularized walls. They lie, as we know, in the

anterior end of the coelom and are connected by the trachea with

the glottis which opens in the ventral wall of the mouth. Coinci-

dent with the development and functioning of the lungs, the inter-

nal gills begin to degenerate, and the young Frog is no longer able

to secure oxygen from the water, but must come to the surface

and inhale air directly into the lungs, so that the cells and plasma

of the blood can carry on the respiratory interchange. These meta-

morphic changes having been completed, the transformed tadpole
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is like the adult, except that it is smaller. It feeds and gradually

attains the sexually-mature, adult condition. (W. f. 175, L.)

6. Life Processes in the Frog Embryo

When an egg is fertilized by a sperm, it is then an embryo of a

new generation ; in other words, an independent organism, and as

such it must carry on the essential life processes if it is to survive.

It will be of value briefly to indicate how the Frog embryo is able

to do this. In the first place, the question of nutrition must be

considered. The process of cell division and all the other devel-

opmental phenomena require energy. This energy in the early

stages, and until the time when the alimentary tract is completed

by the mouth and anal openings, is obtained by utilizing the yolk

material present in the vegetal pole, which is supplied to all the

cells.

From the one-celled condition until sometime after the tail-bud

stage, the embryo does not possess a vascular system. Inasmuch
as food material is scattered among the cells there is no general

problem with regard to the transportation of food. The greater

portion, however, is concentrated near the middle of the embryo,

ventral to the enteron and posterior to the pharynx. Apparently

excess food in this region is passed on to the other cells of the

embryo just as in Hydra and other animals where no vascular

system ever develops.

Soon after the embryo has hatched from the egg jelly it begins to

swim vigorously, and later when the alimentary tract is completed,

the animal begins to ingest food. It is adapted for plant feeding,

but the tadpole will eat animal tissue when available. It is aided

in feeding by a special organ, the ventral sucker, just posterior

to the mouth. This enables the tadpole to remain attached to a

plant in the water and to rasp the plant tissues with horny projec-

tions on the jaws.

Respiration must, of course, be continuous from the earliest

stages. At first this respiratory interchange takes place at the sur-

face of the embryo, through the jelly capsule. This method does

not long suffice, and coincident with the establishment of the

vascular system, gills are formed through which the interchange

of gases takes place. External gills are present for a few days.

Later they are covered by a fold of ectoderm (operculum), and
internal gills develop in the walls of the gill slits. In this condi-
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tion, water is drawn into the mouth and forced out through the

lateral gill slits in the wall of the pharynx, where it comes into con-

tact with the gill filaments. This fish-like method of breathing is

continued until the lungs are developed, after which the animal

secures oxygen from the air. The gills on the right side of the

embryo degenerate first.

Excretion of urea in the tadpole is carried on in the early larval

stages by tubular organs, known as the pronephroi. A pair of

these is developed very early, one on either side of the body. Each

pronephros consists of three tubules which open into the coelom at

one end. They unite at the other end to form the common pro-

nephric duct which runs posteriorly on each side of the body and

empties into the cloaca. (W. f. 129.)

The anterior portion of each pronephric duct degenerates in

later larval life, and another group of tubules develops posteriorly

on each side of the body, which becomes connected with the vas-

cular system. These form the permanent kidneys, or mesoneph-

roi, of the Frog which open into the posterior part of the former

pronephric ducts. The latter remain as the permanent ducts. In

the higher Vertebrates, the permanent kidneys develop later and

are known as the metanephroi.

B. Development of the Chick

The male and female reproductive organs of the Birds have the

same fundamental type of structure that is found in the Frog and

other Vertebrate animals. They are paired structures in their

early development, but in the later stages the ovary and associated

structures on the right side of the female undergo degeneration so

that the functional reproductive organs in the female are present

only on the left side.

The ovary, as seen with the naked eye, consists of a mass of

various-sized eggs which appear as yellowish globules. The ovary

is suspended from the dorsal wall of the abdomen by a connective

tissue mesentery, known as the mesovarium. Lying near the

ovary is a large, glandular oviduct which ends anteriorly, as in the

Frog, in a large ciliated opening, the ostium, and connects pos-

teriorly with the cloaca. The oviduct consists of three portions

:

(1) the ostium, which is followed by (2) a glandular portion, the

cellular walls of which secrete both the 'white' of the egg and the

shell ; and (3) a thin-walled portion, which opens into the cloaca.
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The portion of the Hen's egg corresponding to an entire Frog's

egg is the so-called yolk. In the early stages of development in the

ovary, the egg cells are typical in size and shape. During the

developmental stages a considerable amount of food material is

assimilated by each of these cells which are to develop into mature
eggs, so that they rapidly increase in size. There is a certain

rhythm in egg formation. The Hen usually lays an egg a day for

some two or three weeks, and then will stop for a period during

which the clutch of eggs can be incubated. This may then be
followed by another period of egg laying. (W. f. 169.)

The large amount of food material present in the egg crowds
the protoplasm to the surface of one pole, where it can be seen in a

mature egg as a tiny, white, circular area, the blastoderm. The
remainder of the cell outside of this small blastoderm consists

chiefly of inert food material. This condition is an exaggeration of

that found in the Frog's egg, where the greater proportion of the

protoplasm is at the animal pole and the greater proportion of food

material is at the vegetal pole. At this stage the egg cell, or, as

it is commonly termed, 'the yolk,' bursts forth from the ovary, is

taken into the ostium, and begins its passage to the exterior through
the oviduct. Normally, in the upper end of the oviduct, the egg

cell comes in contact with the sperm, and fertilization occurs, after

which cell division begins. The blastoderm of the Hen's egg is the

only part of the cell that divides. Thus we have partial, or mero-
blastic, cleavage in the Hen's egg as compared with total, or holo-
blastic, cleavage in the Frog's egg. Another type of meroblastic

cleavage was earlier noted in the Arthropod egg. (W. f. 169.)

The fertilized egg continues its passage down the oviduct, and
the cells in the anterior glandular portion of the oviduct secrete

several layers of albumen, or 'white,' around it; a portion of

which, lying in contact with the vitelline membrane surrounding

the egg, form the chalazae. These make it possible for the

embryo to maintain a definite orientation during development.

Farther posterior other secreting cells form two thin, enclosing

membranes which lie just within the shell. Still farther down the

oviduct other secreting cells give off a material which hardens to

form the outer egg shell. The passage through the oviduct

usually takes 24 hours, so that if the egg is fertilized in the anterior

end of the oviduct, it has reached the 24-hour stage of development

at the time it is laid. When the egg is laid, development ceases
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unless the proper temperature (38° C.) is again supplied. The

embryo of the egg will remain dormant without injury to the

embryonic cells for several days and then start to develop again

when given the proper temperature.

The division of the blastoderm in the Hen's egg after fertilization

results in the formation of a great number of irregularly shaped

cells which lie near the center of the blastoderm. These are the

primitive ectoderm cells, and they soon form a few layers of cells

which overlie a small cavity on the surface of the yolk, which is the

blastocoel. This constitutes the blastula stage of the Chick

embryo, and it consists of flattened layers of ectoderm cells above

the blastocoel rather than a sphere of cells enclosing this cavity

as in the Frog. (W. fs. 31, 174.)

The ectoderm cells continue to divide, and very soon, in the

region which is to become the posterior end of the embryo, they

begin the formation of the gastrula with ectoderm and endo-

derm. The two layers extend anteriorly and laterally, and in a

short time cover most of the blastodermic area. A median thick-

ening appears in the blastoderm at about the eighteenth hour of

incubation, which is known as the primitive streak, and indi-

cates the longitudinal axis of the animal. The ectoderm and

endoderm are in contact along the primitive streak, and it is also

in this region that the mesoderm layer arises. The first mesoderm

cells are given off in the posterior part of the primitive streak, but

they soon spread laterally and anteriorly, forming a definite third

layer between the ectoderm and endoderm.

At the anterior end of the primitive streak, the ectoderm cells

divide very rapidly, and a definite anterior thickening can soon be

observed in this region, known as the head process. It consists

at first of only the ectoderm and endoderm layers, but later the

mesoderm is also drawn into it. The region of the blastoderm in

which the head process forms, i.e., just anterior to the primitive

streak, contains the rudiments of the body of the future embryo.

Very shortly there is an anteroposterior thickening of the dorsal

ectoderm in this region to form the beginning of the central nerv-

ous system. This corresponds to the medullary plate stage in the

Frog, and similarly there is an elevation of the lateral edges of the

medullary plate and a fusion in the mid-line to form the neural

tube. Lying below it will be found the endodermal notochord.

The lateral mesoderm segments into the myotomes, which, as in
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the Frog, differentiate into dorsal and lateral portions. The latter

splits into the outer somatic layer and inner splanchnic layer

between which is the coelom.

All this time the Chick embryo, developing in the area of the

blastoderm, is lying flat on the surface of the yolk. There now

begins, at about the twentieth hour of incubation, a process of fold-

ing, first at the anterior end (head fold), later at the sides (lat-

eral folds), and then posteriorly (tail fold), which results in

an almost complete separation of the embryo from the yolk sac,

so that the latter after a time is attached to the embryo only by

the yolk stalk, through which the food material is transported

to the young embryo by the embryonic vascular system.

One of the distinctive features of the development of the Chick

as compared with the Frog is that, owing to the position of the

blastoderm which is spread out flat upon the surface of the yolk,

the rudiments of the various structures such as the coelom, heart,

alimentary canal, etc., are formed in right and left halves on either

side of the main body of the embryo. These are located in the out-

lying or, as they are termed, extra-emrryonic regions of the

blastoderm. The process of folding off the embryo from the under-

lying yolk, which has been noted above, brings the right and left

rudiments of these organs together underneath the embryo, where

they unite in the mid-ventral line to form the complete organs.

By the end of the third day of incubation, the embryo has grown

to a considerable size, and many of the organs are well-established.

At this stage the entire animal is covered by an emrryonic mem-

brane, the amnion, which, starting anterior to the embryo in the

ectoderm, has grown back over the animal from the anterior end

and also to some extent from the posterior end, with the result that

the embryo is enclosed in a definite sac (amniotic cavity) . At this

stage of incubation, the embryo does not have a straight, antero-

posterior axis, but the head end has a bend (cervical flexure)

of almost 90 degrees toward the right. The central nervous sys-

tem is well-developed, together with the sense organs such as the

eye, nose, and ear. The vascular system is also well-established

and functioning. The heart at this time consists of an auricle and

ventricle. The auricle receives the blood, containing food material,

which has come in from the yolk sac through the large vitelline

veins. This blood passes into the ventricle, and then it is forced

out through the arteries to all parts of the growing body, and
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eventually back to the yolk sac. The embryo, at this stage, has

four pairs of gill slits which are similar in structure to those which

develop in the aquatic Vertebrates. In the Chick, however, the

gills never function and, after a few days, the gill slits disappear.

(W. f. 235.)

The Chick embryo continues to develop, receiving its food from

the yolk and carrying on the respiratory interchange through the

surface of the shell. The Hen's egg requires about 21 days of incu-

bation, and then the Chick breaks through the shell with the aid

of a specialized structure which develops on the beak, and comes

forth as an active animal able to secure its nourishment, and thus

to continue its growth until the adult condition is reached.

C. The Development of the Mammal

The Prototheria, such as the Duck-bill and Echidna, constitute

the lowest group of the Mammals. It is noteworthy that in this

group of Mammals the females are oviparous, that is, they lay

eggs which develop outside the body and are similar to the large-

yolked eggs of the Birds and Reptiles. In the Prototheria, how-

ever, the young animals do not at once begin an independent

existence when they hatch from the egg but are nourished for a

time by secretions from the mammary glands of the mother. (W.

pp. 191-195 ; 271-273.)

In the Metatheria and Eutheria the females are viviparous,

that is, the fertilized eggs are retained within the body of the

female in a specialized portion of the oviducts, known as the

uterus, until the embryos have reached a certain stage of devel-

opment, at which time they are, as we say, born. The degree of

development of the embryo at birth varies a great deal in the

different species. In the metatherian mammals, such as the

Kangaroo and the Opossum, the young are born in such an imma-

ture and helpless condition that it is necessary for the mother to

carry them for a time after birth in a special sac, the marsupium,

which is present on the ventral abdominal wall of the female. Here

the embryos are nourished by milk from the mammary glands

until they reach a sufficient degree of maturity to take care of

themselves. Even among the eutherian mammals the develop-

ment of the embryo at birth shows great variation in the different

classes. Thus the new-born embryo is very well-developed among

the hoofed Mammals, or Ungulates, while among the Primates
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the young are born in a comparatively helpless and immature
condition. (W. f. 134, a, d, g.)

Except in the Prototheria, the mammalian egg, quite unlike

that of the Frog and Hen, is very small, being in general micro-

scopic in size, and containing practically no stored food for the

nourishment of the embryo during the early stages of develop-

ment. It is therefore necessary, in order for development to pro-

ceed, that the fertilized egg receive nourishment from the mater-

nal tissues very soon after development begins. This is supplied as

described below. (W. f. 133.)

If sperm are present the egg is fertilized soon after it enters the

oviduct, and begins to divide. The cleavage is holoblastic and
soon results in the formation of a spherical body of cells, known as

a morula, which may be regarded as similar to the blastula stage.

Except for the complete cleavage, the early development of the

mammalian egg, including the formation of the various organs,

shows great similarity to that of the Chick. A particularly note-

worthy feature of the mammalian embryo at this stage is the very

early formation of the primary germ layers and the emrryonic
memrranes such as the amnion. A study of the internal structure

of the embryo at the morula stage shows that the cells are differ-

entiated into an inner cell mass, which contains the rudiments

of the embryonic body proper, and an outer layer, known as the

trophorlast, which develops from the ectoderm at the surface and
encloses the entire embryo. (W. f. 176.)

During the cleavage stages the embryo is passing through the

oviducts down into the uterus, where it is to be attached and re-

tained for a time during development. By the time it reaches the

uterus the outer covering of trophoblast has been formed. This

layer is very essential to the developing embryo, for the cells of

which it is composed are able to secrete a ferment which erodes

the small portion of maternal tissue lining the uterus with which

the tiny embryo is in contact. Thus the embryo attaches itself

to the mother, becoming actually embedded in the uterine wall.

Nutritive materials are temporarily secured by the digestive and
absorptive action of the trophoblast. A little later, by a combina-

tion of trophoblastic tissues of the embryo with maternal tissues

in the uterine wall, a very remarkable mammalian structure,

known as the placenta, is formed which connects the embryo with

the maternal tissues and through which it is nourished. Leading
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from the placenta is the embryonic umbilical cord which is di-

rectly attached to the body of the embryo. (W. f. 134, b, h, i.)

The placenta is the organ by means of which the essential inter-

change of materials between the embryo and the mother takes

place. Certain large arteries of the mother bring maternal blood,

carrying nutritive materials and oxygen, to the placenta, where it

flows into large open sinuses. Here the maternal blood bathes

the finger-like projections, or villi, formed from fetal tissue. The

fetal villi contain the endings of the fetal blood vessels which run

through the umbilical cord and connect with the vascular system

of the embryo. One of the fetal vessels (umbilical artery)

brings blood to the placenta from the embryo. This blood con-

tains nitrogenous wastes and carbon dioxide given off by the

embryo. During the passage through the capillary network in the

placenta these wastes are given off through the walls of the villi

and pass into the maternal blood. Synchronously, nutritive mate-

rials and oxygen are received from the maternal blood. The em-

bryonic blood, now freed from the wastes and containing the sub-

stances necessary for the embryo, passes into the umbilical veins,

which carry it away from the placenta and back to the embryo

through the umbilical cord. It should be emphasized that the vas-

cular systems of the mother and embryo are not directly connected

in the placenta or elsewhere. All interchange of materials between

the mother and the developing embryo in the uterus must, there-

fore, take place by diffusion through the embryonic tissues in the

placenta.

The period of development within the uterus, which is termed

gestation, varies greatly in the different Mammals. Thus in the

Mouse the normal period of gestation is 20 days, while in Man it

is approximately 280 days. When the mammalian embryo has

completed the necessary development within the uterus, birth

occurs. This is largely brought about by powerful rhythmic con-

tractions of the involuntary muscle tissue present in the walls of

the uterus. The final result of the contractions is the complete

separation of the embryo and the fetal tissues from the maternal

tissues, and the passage of the embryo to the exterior, where an

independent existence is begun.
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I am impressed with the fact that the greatest

thing a human soul ever does in the world is to see

something, and tell what it saw in a plain way.

Hundreds of people can talk for one who can

think, but thousands can think for one who can

— Emerson.

The invention of the microscope made small

things seem large, and revealed to sight what was

too small to be seen without it ; but the use of

magnifying glasses brought an advantage with it

of a different kind — it taught those who used

them to see scientifically and exactly. In arming

the eye with these increased powers the attention

was concentrated on definite points in the object

;

what was seen was to some extent indistinct, and

always only a small part of the whole object;

perception by means of the optic nerve had to be

accompanied by conscious and intense reflection,

in order to make the object, which is observed in

part only with the magnifying glass, clear to the

mental eye in all the relations of the parts to one

another and to the whole. Thus the eye armed

with the microscope became itself a scientific

instrument, which no longer hurried lightly over

the object, but was subjected to severe discipline

by the mind of the observer and kept to methodi-

cal work. The philosopher Christian Wolff

observed very truly in 1721, that an object once

seen with the microscope can often be distin-

guished afterwards with the naked eye, and this,

which is the experience of every microscopist, is

sufficient evidence of the effect of the instrument

in educating and training the eye.

— Sachs



INTRODUCTION

A. Equipment 1

Each student will require the following equipment for his laboratory

work:

(1) Text-books.

(2) Loose-leaf notebook, about 8^ X 10f inches, with white drawing

paper.

(3) Dissecting instruments consisting of medium-sized scalpel, small

sharp-pointed scissors, medium sharp-pointed scissors, fine forceps,

two dissecting needles in holders, pipet, and ruler.

(4) Two drawing pencils (2H and 4H) and an eraser.

(5) Compound microscope with two eyepieces and two objectives.

(6) Dissecting microscope with one lens.

(7) Six glass slides.

(8) Twelve cover glasses.

(9) Lens paper.

(10) Filter paper.

(11) Piece of absorbent gauze.

(12) Pins.

B. The Use and Care of the Compound Microscope

1. The compound microscope is a delicate, complicated, and expensive

instrument and must always be handled with great care. Each day before

using the microscope, see that all parts are clean. Be sure that they are

kept clean during the exercise and that the instrument is clean when you

leave. If you find the instrument dirty or in bad order, report it at once

to the instructor in charge of the room. Lens paper is furnished for clean-

ing the lenses, and it is not permissible to clean the lenses with any other

material.

2. The microscope consists of the following parts, each of which should

be identified

:

(a) The base and upright support.

(b) The stage, with a central opening which contains an iris

diaphragm for regulating the amount of light. A con-

denser is also present on some instruments.

1 The instructor will indicate which items in the equipment are to be supplied

by the student.
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(c) The mirror, with concave and plane surfaces, which is at-

tached underneath the stage.

(d) The rody, with coarse and fine adjustments for focussing,

draw ture, eyepiece, or ocular, and revolving nose-

piece holding the orjectives.

Learn how each of these parts is used.

3. Place the microscope in position, with the upright support toward

you. See that the low-power eyepiece No. 1 and the low-power objective

No. 1 are in position and that the iris diaphragm is open. Adjust the

mirror so that the maximum amount of light will be reflected up through

the central opening of the stage. In general, use the mirror with the

concave surface up.

4. Place the glass slide, on which the object to be examined is mounted,

upon the stage with the object directly over the central opening. Care-

fully turn the coarse adjustment screw away from you until the end of the

objective is approximately one-fourth of an inch from the upper surface of

the slide. Then, while looking through the eyepiece, slowly turn the coarse

adjustment screw toward you until the object comes into view. Bring

the image into an exact focus by slowly turning the fine adjustment

screw in either direction, as may be necessary. Never focus down-

ward with the coarse adjustment while looking through the micro-

scope. It is less tiring and better in every way to keep both eyes open

while looking through the microscope. You will be able to do this with

a little practice.

5. Always find an object first with the lowest magnification, as described

in the preceding paragraph, and always use the lowest magnification

possible to accomplish the work in hand. Before changing from a lower

to a higher power, always see that the object is exactly in the center of the

field. The magnification may then be increased as desired in the following

ways:

(a) By replacing low-power eyepiece No. 1 with high-power eye-

piece No. 1

(ft) By replacing low-power objective No. 1 with high-power ob-

jective No. 1 This is accomplished by revolving the nose-

piece. Inasmuch as this objective, when in focus, is very

close to the upper surface of the preparation, it will be

necessary to use great care in making this change.

(c) By doing both (a) and (ft).

(rf) The magnification can be still further increased in some

microscopes by extending the draw tube, but this method

is rarely used.

1 The numbers are different in the various makes of microscopes. The correct

numbers for your microscope will be supplied by the instructor.
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The approximate magnifications afforded by the various combinations

are as follows

:

Eyepiece * X Objective l = diameters magnification.

X
" w u a it

X
When a very low magnification is desired, as for example in the study

of a large opaque object, the simple dissecting microscope is used. It

gives a magnification of about 10 diameters.

6. At the close of each exercise be sure to remove the slide that you have

been studying from the stage of the microscope. Examine the microscope

carefully and make sure that all parts, including the lenses, are perfectly

clean and then return the microscope to its proper place in the case.

Remember that since there are others who must use the same microscope,

the welfare of the laboratory depends upon your cooperation in keeping the

apparatus in order.

C. Microscopic Preparations

7. The preparations which will be examined with the compound micro-

scope may be divided into two classes as follows

:

(1) Permanent preparations in which the material to be examined

has been previously subjected to complicated histological methods for

preserving, staining, and permanent mounting on a glass slide. Great care

must be observed in handling these preparations. A charge will be made
for breakage.

(2) Temporary preparations which you will make when necessary by
mounting the material to be examined on a glass slide according to the

following directions

:

(a) Thoroughly clean a glass slide and cover glass.

(b) Place a small drop of water in the center of the glass slide.

(c) Place the object to be examined in the drop of water.

(d) Cover the drop of water containing the object with the cover glass.

(e) Remove any superfluous water remaining around the cover glass

with the absorbent filter paper. Be sure that no water gets on to

the upper surface of the cover glass. The preparation is now
ready to be studied under the microscope.

(/) When you have finished your study of a temporary preparation,

clean the slide and cover glass, and replace them in the drawer for

future use.

D. Laboratory Drawings

8. It is essential that careful attention be paid to the following rules for

laboratory drawings

:

1 Numbers will be supplied by the instructor.
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(a) Draw on only one side of the paper, using a well-sharpened drawing

pencil.

(b) Arrange the drawings as neatly and evenly on the page as possible,

giving each plenty of space.

(c) Leave at least one inch margin around the edges of the sheet.

(d) Always label every drawing and each of its parts.

(e) Remember particularly that accuracy and neatness are two of the

most important factors in good laboratory work.

(/) See that the laboratory room number, the seat number, and your

name and class are placed on the upper right-hand corner of each

sheet of drawings.

((/) The drawings should be placed in a loose-leaf notebook. The direc-

tion sheets in this manual are perforated along the left edge so

that, if desired, one can be removed for each exercise and mounted

in the loose-leaf notebook opposite the sheet with the day's draw-

ings.



PRELIMINARY MICROSCOPIC WORK 1

A. Dissecting Microscope

1. Examine, with the dissecting microscope, a slide on which a printed

word has been permanently mounted. What apparent movement results

when the slide is moved to the right? To the left? When it is moved
toward, and away from you ? When it is rotated ?

B. Compound Microscope

2. After having carefully studied the previous section on " The Use and
Care of the Compound Microscope," examine, with the lowest power of

the compound microscope, a letter from the preparation you have been
studying. What apparent movement results when the slide is moved to

the right? To the left? When it is moved toward and away from you?
When it is rotated? See that the position of the slide is such that the

letter is in normal reading position, and then draw the letter in its apparent

position and magnification as seen through the microscope.

3. Replace the low-power eyepiece No. 2 with the high-power eyepiece

No.2
. Draw the letter.

4. Replace the high-power eyepiece No. 2 with the low-power eyepiece

No. 2 and, by revolving the nosepiece, replace the low-power objective

No. 2 with the high-power objective No. 2
. Carefully refocus with the

fine adjustment. Draw the letter.

5. Without disturbing the objectives replace the low-power eyepiece

with the high-power eyepiece. Draw the letter.

6. In some microscopes the magnification can be still further increased

by extending the draw tube. Extend it to its full length and, after refocus-

ing, note the effect on the magnification.

7. Examine, with the low power, a preparation of scales from the wing of

a Moth or Butterfly. Make several outline drawings showing different

types of scales.

8. Examine, with the high power, and study the markings on the surface

of the scales and make a drawing of a portion of a scale to show their

character.

9. Mount and make a microscopic examination of various tiny

objects which are readily available. These may include particles of dust

;

fibers of hair, cotton, silk, etc. ; air bubbles in water ; and globules of oil

in a mixture, or emulsion, of oil and water.

1 B. pp. 241-244. 2 Instructor will supply information.
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CELLULAR ORGANIZATION OF PROTOPLASM 1

A. Plant Tissues

1. Carefully peel off a small piece of the delicate, transparent covering

(epidermis) from the upper surface of a green leaf. This can be done by

using the point of the scalpel or by tearing the leaf. Mount the epidermis

according to the directions for temporary preparations given in the pre-

vious section on "Microscopic Preparations" (p. 243).

2. Examine the epidermis in the temporary preparation just made

with both the low and the high power of the microscope. Draw about ten

adjacent epidermis cells to show their arrangement and general struc-

ture. Each cell should be drawn about one-half inch in diameter.

3. Examine, with the low power, a permanent preparation of stained

sections of an Onion root. Note that some of the sections have been cut

parallel to the long axis of the root (longitudinal sections), and some

of the sections have been cut across, i.e., at right angles to, the long axis

(transverse, or cross, sections).

4. Study first one of the longitudinal sections under the low power.

Draw in outline a portion of the section near the tip of the root. Study

the cells in this region with the high power. Note : (a) the cell wall

which marks the cell boundary
;

(b) the rather faintly stained cytoplasm

which forms the cell body
;

(c) the central, spherical nucleus embedded

in the cytoplasm and frequently containing (d) a tiny nucleolus. Many
of the older cells, situated some distance back from the tip of the root,

contain (e) a large vacuole which, when the cell is alive, is filled with

a liquid, (/) the cell sap.

5. Make (a) a drawing of a portion of the longitudinal section, lying

near the tip, under the low power to show the general arrangement of the

cells ; (6) a drawing of a single cell under the high power to show the

detailed cell structure.

6. Study one of the transverse sections under the low power. Select a

typical cell and make a drawing of it under high power similar to the one

just made in paragraph 5.

7. Compare the last two drawings of cells in paragraphs 5 and 6. With

them as a basis make an outline drawing of a cell in perspective, that is,

one which will show the cell as a solid with the three dimensions.

1 B. pp. 3-8.
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CELLULAR ORGANIZATION OF PROTOPLASM 1

B. Animal Tissues

1. Mount a small piece of the shed outer layer (epidermis) of Frog skin,

which has previously been stained. Note that the general structure of

these animal cells is the same as that of the plant cells. Identify cell
wall, cytoplasm, and nucleus. Remember that each cell is entirely

enclosed in a cell wall through which you are viewing the cytoplasm and
nucleus. Examine the preparation, with both the low and the high power,

and draw about 10 adjacent cells to show their structure and arrangement.

2. With the end of the handle of the scalpel or your finger gently scrape

the inside of your cheek. Mount the scrapings and examine the prepara-

tion with both the low and the high power. You should find numerous
irregular shaped cells which have been detached from the lining. Draw,
under high power, several cells of different shapes.

3. Carefully remove the cover glass from the preparation you have been
studying and stain the cells by adding a drop of acetic carmine. Replace
the cover glass, examine under the high power, and observe the changes

which have taken place as a result of the stain. It will be noted that

the nuclei of the cells stain more heavily than the cytoplasm. Make a

drawing, about one inch in diameter, of a single cell showing the general

structure as observed.

4. Examine a permanent preparation of the skin of the Frog or of some
other Vertebrate, and note several layers of epidermal cells on the upper
surface. These range in shape from the cuboidal or the columnar type

lying below, to the flattened type above which forms the outer surface.

Make a drawing of a portion of the epidermis to show the cell structure

and arrangement.

5. Mount a drop of Frog's blood which has been diluted with normal
salt solution. Examine the preparation under the low power and note the

general appearance and structure of the numerous, disc-shaped blood cells

(red corpuscles) floating in the plasma.

6. Examine the preparation with the high power, gently tapping the

cover glass from time to time in order to set the cells in motion so that you
may see them as solids with their three dimensions. Draw a number of the

cells as seen from various aspects.

1 B. pp. 3-8.
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GREEN PLANTS 1

A. Pleurococcus

1. Examine, with the dissecting microscope, the greenish material

present on the outside surface of a piece of bark and note its general

appearance. Scrape off a little of the material and place on a slide.

Mount in a drop of water and examine with the low power of the com-

pound microscope. Note that the material consists of great numbers of

tiny green, spherical bodies. Each of these is a cell, and each also con-

stitutes the entire plant body of this unicellular plant, Pleurococcus.

2. Examine the preparation with the high power. Select a large single

cell and note : (a) the cell wall, which is quite thick and composed of

cellulose, and (b) the large green chloroplastid, which almost fills the body

of the cell and lies embedded in (c) the cytoplasm, (d) The nucleus lies

near the center of the cell but is usually more or less obscured by the chloro-

plastid. Stain the preparation with iodin solution and reexamine for the

nucleus. Make a drawing of a single cell, about one inch in diameter, to

show the structures observed.

B. Spirogyra

3. Mount a few filaments of Spirogyra and examine with the low and the

high power. Note that the filaments consist of cells which are attached

end-to-end. Note the cell walls and the connection between adjacent

cells. Note also in each cell the green, spiral chloroplastids with the

starch-forming bodies (pyrenoids).

4. Examine the cell wall carefully and note the thin layer of cytoplasm

which lines it. Also the large central vacuole, filled with cell sap,

which occupies the greater part of the cell. Focus carefully near the center

of the cell and find the nucleus, surrounded by a thin layer of the cyto-

plasm and suspended by delicate strands of cytoplasm which run out to

the peripheral layer lining the cell wall. Draw a few attached cells.

C. Elodea

5. Mount two or three leaves from near the tip of the stem of the water-

living plant, Elodea. Examine with the low and high power. Identify

the rectangular cells with definite cell wall enclosing the cytoplasm in

which numerous green disc-shaped chloroplastids are to be seen. Under

favorable conditions a movement of the chloroplastids may be detected.

This phenomenon will be studied in a later exercise (B. p. 255). Stain the

preparation with a drop of iodin solution and reexamine to find the nucleus.

Draw to show the structure as observed.

1 B. pp. 8-12.
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COLORLESS PLANTS, OR FUNGI 1

1. Mount a drop of stagnant water which contains decaying organic

material. Study the preparation carefully with the high power and note

the various types of Bacteria which are there present. The straight, rod-

like forms are bacilli; the corkscrew-like forms are spirilla; the

extremely small, spherical forms are cocci. Make a drawing of the field

under observation, showing all kinds of Bacteria found there.

2. Examine, under the high power, permanent preparations of various

kinds of Bacteria and draw a few cells of each kind. For example:

(a) Bacillus subtilis. This is a very common example of decay bacteria.

Note the tiny rectangular cell bodies with definite cell walls, but with no

visible differentiation into cytoplasm and nucleus ;
(b) Bacillus anthracis.

This is an important spore-forming pathogenic organism. Note that the

cells tend to adhere end-to-end to form a filament, or chain. This is due

to the action of an outer gelatinous capsule ;
(c) Bacillus typhi. There

are usually three species associated which are very similar structurally.

They are all very tiny, thick rods which under high power (X 500) appear

almost spherical.

3. Examine a flask of water in which some compressed Yeast and sugar

have been placed. Note the general characteristics of the fluid, including

the smell, color, and taste, and also the minute bubbles of gas which are

continually rising to the surface. Connect the flask with rubber tubing so

as to conduct the gas which is being generated through clear lime-water.

Note the precipitate which gradually forms in the liquid. This shows

that the gas is carbon dioxide, which unites with the calcium oxide in solu-

tion to form insoluble calcium carbonate.

4. Mount a drop of the liquid from the flask, after stirring a little, and

examine with both the low and high power. Note the enormous numbers

of tiny oval cells, each one of which is a unicellular yeast plant. Inter-

spersed among the yeast cells are the much larger starch grains. Note

that many of the yeast cells show various-sized projections, or buds.

Some of the buds also may again bud before they are detached from the

parent cell, and thus temporary colonies are formed. Add a drop or two

of iodin solution at one side of the cover glass. Examine the preparation

at once under the high power, near where the iodin was placed. Note

the staining reaction of the yeast and the starch. The blue color with

iodin is a well-known test for starch.

5. Make a large drawing to show the structure of a yeast cell, noting

cell wall, cytoplasm, generally with numerous tiny granules, and the

large vacuole. The nuclear material cannot be distinguished.

iB. pp. 12-13.
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PROTOPLASMIC MOVEMENT 1

1. Mount a few drops of water from a laboratory culture containing an

abundant supply of several species of free-swimming Protozoa. Examine

microscopically first with the low power and then with the high power.

Note the vigorous and rapid movement exhibited by various species

present, particularly those bearing cilia, such as Paramecium. Numerous

slower moving species bearing one or more vibrating whip-like processes

(flagella), such as Euglena which has one flagellum, may usually be

found. More difficult to find as a rule are the smaller amoeboid species

such as Amoeba, which progress slowly by a flowing movement of the

cytoplasm and a consequent formation of irregular pseudopodia.

2. Place a small piece of the gill of a clam on a slide and with two

dissecting needles gently tear the piece of tissue apart in a drop of body

fluid. Mount and examine the preparation with high power. Note the

currents in the surrounding fluid caused by the rapid vibration of the

delicate protoplasmic processes (cilia) which are present on the outer

exposed surfaces of the ciliated cells of the gills.

3. Examine a live Earthworm and note the method of locomotion. Its

movements are due to the actions of the muscle tissues in the body wall,

coordinated by the nervous system. Slightly irritate various regions of

the body and note the response as exhibited by the muscular movements.

4. Note the rhythmical contraction shown by the muscular tissue in the

beating heart of a freshly anaesthetized Frog. Note further that the move-

ments still persist when the heart is entirely removed from the body and

placed in normal (0.7%) salt solution.

5. Mount two or three young leaves from near the tip of a stem of the

common water-living plant, Elodea. Examine various regions of the

leaves with the high power, particularly along the mid-rib and the edges,

and find an area in which a flowing movement of the cytoplasm is to be

noted in some of the cells. This will be shown by the movements of the

green disc-shaped bodies (chloroplastids) as they are carried around the

cell, within the cell wall, by the flow of the cytoplasmic current.

6. To demonstrate the fact that microscopic lifeless particles may also

exhibit spontaneous movement, mount a drop of water which contains

some powdered carmine in suspension and examine the preparation un-

der the high power. Careful observation will show that the suspended

particles are constantly exhibiting an oscillating movement which is

believed to be due to the impact of the rapidly moving molecules of the

liquid. This is known as Brownian movement.

iB. pp. 13-17.
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AMOEBA

1. Mount a few drops of water containing numerous large Amoebae.
Examine the preparation under a medium power (high-power eyepiece

with low-power objective). The animals will be seen as very small,

irregular, semi-transparent bodies composed of a jelly-like living material

(protoplasm) and generally containing numerous particles of various

shapes and colors which give it a granular appearance. When a large

Amoeba has been found, move the slide so as to bring the specimen exactly

in the center of the field, and then examine under the high power. Be
very careful not to lose the specimen when shifting to the high-power

objective.

2. Study the specimen and note the absence of any visible cell wall and
the almost continual variations in the shape of the body due to the forma-

tion of irregular processes (pseudopodia) from any part of the surface.

Note that the animal moves slowly from place to place. Try to explain

how this is accomplished. Make a series of outline drawings— at least

ten— at one-minute intervals to show the changes in the shape of the

Amoeba under observation. Indicate in each drawing, by means of ar-

rows, the direction the animal is moving.

3. Study an Amoeba carefully under the high power and note that there

is a differentiation of the protoplasm into (a) an outer transparent layer

of ectoplasm and (6) an inner granular region of endoplasm. This

arrangement can be seen clearly in the pseudopodia. The endoplasm

contains (c) the nucleus which usually is seen as a spherical, granular

body
; (d) numerous gastric vacuoles in which are various kinds of food

materials in the process of digestion
; (e) a spherical contractile vacuole

which gradually increases in size as the liquid wastes accumulate until a

certain size is reached. Then it suddenly contracts, and discharges the

wastes to the exterior. Make a drawing, about 3 inches in length, of an

Amoeba to show the detailed structure of this animal.

4. Make careful observations of an Amoeba which is moving actively

and note the reaction of the ectoplasm to the various bits of debris with

which it comes in contact. If care is taken, it is often possible to observe

the manner in which an Amoeba rejects inorganic material with which it

comes into contact, ingests food particles, and egests the indigestible refuse.

1 B. pp. 19-28.
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EUGLENA »

1. Mount a drop of water containing Euglena, and examine with the

low power. The active specimens will be seen as green, elongated, free-

swimming organisms. When an individual is not actively swimming, it

generally shows certain characteristic squirming movements (euglenoid

movements) which result in marked changes in the shape of the cell, so

that the body may be almost spherical at times.

2. Select a favorable specimen which is exhibiting euglenoid movements

and study it carefully under high power. Note the thin cell wall, or pel-

licle, which remains unbroken but readily responds to the flowing move-

ments in the cytoplasm. Make a series of ten outline drawings to show the

successive changes in the shape of a single individual.

3. Study various specimens of Euglena with the high power. Distin-

guish the rather blunt anterior and the finely pointed posterior ends.

Note : (a) the flagellum which is attached in a depression at the ante-

rior end (careful focussing will be necessary) ; (b) the red pigment spot

(stigma)
; (c) the contractile vacuoles and reservoir which are seen

as a fight-colored area near the stigma ; (d) the nucleus.

4. The green color of Euglena is due to chlorophyll which is present

in numerous disc-shaped chloroplastids quite uniformly distributed

through the cytoplasm. Other larger bodies (pyrenoids) can be noted

in some species, which are regarded as starch-forming centers.

5. Make a drawing about 3 inches long showing all the observed struc-

tures.

6. Occasionally, dormant individuals may be found which are almost

spherical in shape and surrounded by a rather thick cyst wall. Study

any such encysted specimens present in your preparation and make draw-

ings to show the structure as observed.

7. Mount and examine a few drops of water from a laboratory cul-

ture containing various other common species of Flagellates, such as Mo-
nads, Peranema, Phacus, etc. Identify the various species present and

compare their general structure and activities with those of Euglena.

(W. f. 23.)
» B. pp. 29-33.
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VOLVOX *

1. Place a drop of water containing Volvox on a slide. Examine, with-

out cover glass, under the low power. Each Volvox colony will be seen as a

more or less transparent, hollow sphere. Note that each colony is com-
posed of a large number of tiny, greenish bodies (somatic cells) which are

embedded in a supporting intercellular material. In many cases a number
of smaller spheres are enclosed within the transparent walls of the parent

colony. These are the daughter colonies, and they have arisen by
repeated divisions of asexual reproductive cells (parthenogonidia) which

develop without fertilization. Make an enlarged drawing of a Volvox

colony to show the structure as observed.

2. Carefully place a cover glass on the preparation and examine with

the high power. Focus carefully on the wall of a colony and study the

somatic cells. Note that the cell body of each consists of an irregular-

shaped, greenish-colored bit of cytoplasm. Branching out from each cell

body are very fine cytoplasmic strands which run through the intercellular

material and connect with adjacent cells so that there is a protoplasmic

continuity throughout the colony. Each cell also possesses two flagella

which project to the exterior and aid in the movements of the colony.

Draw a portion of the wall of the colony giving a view of the cells as out-

lined above.

3. Focus on one of the enclosed asexual daughter colonies. Note the

comparatively small amount of intercellular material between the cells of

a young colony as compared with the parent colony. Draw a portion of

the wall of the daughter colony.

4. If material is available, study a Volvox colony in which germ cells

are present. In such a colony note (a) a spermary, which consists of a

large number of sperm cells or male gametes, grouped together to form

a rather flat plate, and (b) an ovary of about the same size as the spermary,

but which contains only a single egg cell, or female gamete. Both the

spermaries and ovaries are embedded in the wall of the colony. Draw to

show the structure as observed.

1 B. pp. 34-38.
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PARAMECIUM 1

1. Mount a drop of water containing Paramecia, together with a little

powdered carmine, and examine with the low power. The animals will be

seen as light-colored, rapidly-moving bodies which rotate on their long

axis as they swim. With the naked eye, the Paramecia are just barely

visible as tiny white specks.

2. Select a quiet animal under the low power and then study with the

high power. 2 Distinguish the anterior and posterior ends. Note:
(a) the clear outer ectoplasm with pellicle; (b) the granular, inner

endoplasm; (c) the fine, vibratile cilia which cover the entire body;
(d) the depression (peristome) which begins at the anterior end and
extends obliquely backward to beyond the middle of the body

;
(e) the

mouth, located near the posterior end of the peristome
; (/) the funnel-like

depression (gullet) which leads from the mouth down into the endoplasm

;

(g) the position and rhythmic appearance and disappearance of the two
contractile vacuoles with their radiating canals. Focus carefully

on the edge of the body and note (h) the layer of tiny oval bodies (tri-

chocysts) lying in the ectoplasm just beneath the outer surface.

3. Observe that the current caused by the ciliary action sweeps the

carmine particles, which were placed in the drop of water, down the peri-

stome, through the mouth opening and into the gullet, at the lower end of

which they collect in a gastric vacuole. Note the numerous gastric

vacuoles containing the carmine particles in the endoplasm.

4. Make a drawing about 3 inches long showing the structures observed.

5. Remove the cover glass of the preparation you have been studying

and add a drop or two of acetic carmine. This will kill the animals and also

stain the nuclear apparatus (macronucleus and micronucleus). Study
with the high power and add the details of nuclear structure to your draw-

ing in paragraph 4.

6. Place a drop of water containing Paramecia on a clean slide and kill

the animals by adding a drop or two of iodin solution. Note what happens
to the cilia and trichocysts. Make a drawing of a small portion of the

ectoplasm showing some of the trichocysts with the threads protruded.

7. Make a fresh preparation of the Paramecia and draw any animals you
see which may be undergoing rinary fission or conjugation.

1 B. pp. 39-47.
2 It will probably be necessary to remove the cover glass and add a drop or two

of quince-seed jelly to the preparation in order to quiet the animals.
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VORTICELLA »

1. Mount a drop of water containing numerous specimens of Vorticella,

together with a little powdered carmine, and examine with the low power.

Make a drawing of a small group of the animals attached to a piece of

debris.

2. Study the preparation with the high power and note that the general

shape of the organism resembles a bell, projecting from which is a long

contractile stalk. Note the thin, outer pellicle, the ectoplasm, and the

endoplasm. Determine how and where the particles of carmine are taken

into the body and identify the gastric vacuoles containing the carmine

particles.

3. Identify the following structures : (a) the peristome, or rounded

rim, at the large end of the bell ;
(b) the disc, or elevated, plate-like area,

included within the peristome and filling the large end of the bell ; (c) the

vestibule, or depression, between the disc and the peristome ; (d) the

mouth, opening into (e) the gullet which is a slender tube leading from

the vestibule into the endoplasm of the body ; and (/) the contractile

vacuole. Determine what parts of the body bear cilia. Study the

contractions of the stalk. Examine your preparation and see if you can

find any stalkless, free-swimming individuals and, also, any animals under-

going division with two immature individuals attached to the same stalk.

4. Make a drawing about 3 inches long showing the general structure

of the organism and as many as possible of the details mentioned above.

5. Add a little acetic carmine to your preparation, which will kill and

stain the animals, and then note : (a) the long, U-shaped macronucleus ;

(b) the small, round micronucleus ;
(c) the stalk consisting of a sheath

continuous with the pellicle of the bell, and surrounding the axial fila-

ment composed of the individual contractile elements (myonemes). Add

these structures to your previous drawing.

6. Mount and examine a few drops of water containing various other

common species of Infusoria, such as the flattened, creeping forms (Oxy-

tricha, Stylonichia, Euplotes) or the larger tubular forms (Stentor or

Spirostomum). A particularly interesting type is Didinium, which feeds

almost exclusively on Paramecium. Try to see them feeding if possible.

Identify the various species present and compare their general structure

and activities with those of Paramecium and Vorticella. (W. f. 26.)

» B. pp. 48-51.
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GRANTIA J

1. Examine a good-sized specimen of Grantia with the naked eye and

note the vase-shaped body with the central opening (osculum) at one

end, and the bottom, or base, where the animal was attached to some solid

submerged object. Make a drawing in outline, three times normal size,

to show the general structure.

2. Examine the specimen under the dissecting microscope. Note that

the body wall is perforated by (a) numerous tiny openings (pores), each

of which is surrounded by (6) a cluster of calcareous spicules. Examine

(c) the larger spicules which surround the osculum. Fill in a portion of the

outline made in paragraph 1 with detail showing the nature of the external

surface of the body wall.

3. With a sharp scalpel make a transverse section through the center of

the body. Note the large central gastral cavity. Next cut each piece

in half in a longitudinal plane noting that the gastral cavity extends the

entire length of the body and that the osculum opens directly into it.

4. Examine a portion of the internal body wall under the low power of

the compound microscope with direct illumination. Note (a) that it is

perforated with very fine openings (apopyles). Examine a cut surface of

the body wall and in a favorable location note two types of parallel canals,

namely, (6) the incurrent canals which open to the exterior through the

pores previously noted and (c) the radial canals which open into the

gastral cavity through the apopyles but do not open to the exterior.

(d) The openings (prosopyles) between the incurrent and radial canals

are too small to be seen. Draw to show the structure of the lining of the

gastral cavity and the canals in the body wall as observed. Make a

diagram of the animal which will show the course of the water currents

through it.

5. Examine the isolated spicules secured by boiling a Sponge in sodium

hydroxide. Note the following types: (a) long rod-like spicules which

surround the osculum; (b) short rod-like spicules which surround the

incurrent pores
;

(c) three-pronged, or triradiate, spicules from the body

wall ; (d) T-shaped spicules from the lining of the gastral cavity. Draw
to show each type.

6. Examine a specimen of Grantia which shows asexual reproduction

by budding. Draw to show structure as observed.

7. Examine a bath sponge. Understand that this is simply the skeleton

of the animal, composed largely of fibrous spongin. Note the numerous

oscula and pores perforating the skeleton. Examine a small piece of a

bath sponge under the low power of the microscope to get an idea of the

fibrous nature of spongin.

i B. pp. 52-57.
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HYDRA 1

1. Examine, with the dissecting microscope, a living Hydra in a watch

glass containing water. Observe the animal both when expanded and

when contracted. Touch the expanded animal with a dissecting needle

and observe the rapidity of contraction. Note that it is almost spherical

in shape when fully contracted.

2. Examine the animal in the watch glass as before, with the low power

of the compound microscope. Note : (a) the body, which resembles an

elastic tube and is attached at one end by (b) the foot, (c) At the

opposite end (hypostome) of the body there is (d) a central opening

(mouth) which is surrounded by (e) a circlet of tentacles. Note the

number of tentacles your specimen possesses and compare with others at

your table.

3. Focus on the cellular body wall and note that it is composed of (a) an

outer layer (ectoderm) and (6) an inner layer (endoderm) which sur-

rounds (c) a large central cavity (enteric cavity) into which the mouth

opens. Focus on one of the tentacles and note that it is also composed of

ectoderm and endoderm, and that the enteric cavity continues throughout

its length. Note the batteries of stinging cells (nematocysts) embedded

in the ectoderm of the tentacles.

4. Hydra commonly reproduces asexually by budding. Examine your

specimen and see if any buds are present. At certain seasons of the year it

also reproduces sexually. At such times the male gonads (testes), which

produce the sperm, develop as swellings in the body wall just below the

tentacles and the female gonads (ovaries), which produce the eggs,

develop nearer the foot.

5. Make (a) a detailed drawing of an expanded animal, showing all the

parts observed above, (b) an outline drawing of a contracted animal.

6. Examine, with the low and with the high power, a prepared transverse

section through the body of Hydra. Note : (a) the outer layer of ecto-

derm and (6) the inner layer of endoderm, both of which are composed of

a great number of cells, and are separated from each other by (c) a thin,

noncellular layer (mesogloea). These layers surround (d) the central

enteric cavity. Draw the section as observed.

i B. pp. 58-67.
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OBELIA J

Asexual Stage

1. Examine, with the dissecting microscope, a specimen of Obelia which
has been stained and mounted. Note the general form of the colony.

2. Study the preparation with the low power of the compound micro-

scope. Note : (a) the upright stalk (hydrocaulus) with the side branches,

each of which bears either (6) a hydra-like nutritive polyp (hydranth) or

(c) a club-shaped reproductive polyp (gonangium). The stalk is com-
posed of (d) an inner, deeply staining portion (coenosarc), which is a

continuation of the same material in each polyp, and (e) an outer, trans-

parent exoskeletal sheath (perisarc) which encloses all parts of the colony.

Note that the perisarc expands into (/) a cup-shaped structure (hydro-
theca) surrounding each hydranth and into (g) a longer, urn-shaped

structure (gonotheca) which encloses each gonangium. Observe the

constrictions in the perisarc below each polyp.

3. Study a hydranth and note : (a) the rody wall composed of an
outer layer of ectoderm and an inner layer of endoderm, both of which
are continuous with the coenosarc in the stalk

; (6) the central enteric
cavity, and (c) the tentacles which surround (d) the mouth.

4. Study a gonangium and note that the club-shaped stalk (rlasto-

style) which, as in a hydranth, is continuous with the coenosarc, bears

numerous medusa ruds. Note the opening at the tip of the gonotheca
through which the mature medusa buds escape as free-living animals.

5. Make a large drawing of an Obelia colony showing the structures

observed.

1 B. pp. 68-73.
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GONIONEMUS 1

1. Examine with the naked eye, in a watch glass containing water, a

preserved jellyfish of the hydrozoan type, such as Gonionemus. Note
the gelatinous consistency of the body and the umbrella, or dome, shape.

The upper convex surface is called the aboral, or ex-umbrella, and the

lower concave surface is called the oral, or sub-umbrella.

2. Study the oral surface of the specimen with a dissecting microscope.

Note : (a) the tentacles attached near the periphery, each with an adhe-

sive pad near its tip
;

(b) the perforated, circular diaphragm (velum) at-

tached below the tentacles; (c) the central structure (manubrium) sus-

pended inside from the center of the ' umbrella ' and made up of (d) the

wide-lipped mouth, which opens into (e) the enteric cavity.

3. Radiating from the base of the manubrium are (e) the four radial

canals bearing (/) the reproductive glands (gonads). The radial canals

lead to the periphery of the disc where they connect with (g) the circular

canal, which encircles the periphery near where the tentacles are attached.

Note also (h) the sense organs which are located about the margin of the

body at the base of each tentacle and also between the bases of some of the

tentacles.

4. Make (a) a drawing of the specimen from the oral surface and (6) a

drawing from the side, to show the structures observed.

5. For comparison, examine representatives of the other classes of

Coelenterates, such, for example, as the common large Jellyfish (Aurelia),

the Sea Anemone (Metridium), and a calcareous Coral. (W. fs. 39-42.)

i B. pp. 68-73.
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EXTERNAL ANATOMY OF THE STARFISH 1

1. Examine a preserved and injected Starfish and note (a) the star-

shaped, radially symmetrical body consisting of (6) a central disc from

which (c) five, pointed arms radiate. Note that (d) the convex upper,

or aboral, surface is markedly different from the flat under, or oral, sur-

face. Draw the specimen from the aboral surface, in outline, natural size.

2. Note the circular madreporite embedded in the body wall of the

central disc between two of the arms. These two arms constitute the

bivium and the remaining three arms the trivium. A plane of sym-

metry which will divide the animal in right and left halves passes through

the madreporite, central disc, and the median longitudinal plane of the

middle arm of the trivium.

3. Examine the aboral surface of your specimen under the dissecting

microscope and note that the external surface of the body wall is thickly

studded with blunt calcareous spines, around the bases of which, as well

as in the areas between, pincer-like pedicellariae will be found in great

numbers. Also numerous soft tubular branchiae, which function in

respiration, will be seen projecting through the body wall. These are

particularly well seen in an injected specimen. Add the details observed

in paragraphs 2 and 3 to your outline drawing.

4. Examine the oral surface of your specimen, noting (a) the five

ambulacral grooves radiating from the central disc to the tip of each

arm and filled with (b) numerous projecting tube feet, each of which ends

in (c) a suction disc Note further (d) the mouth in the center of the

disc protected by (e) a series of large spines developed at the base of each

ambulacral groove. Draw the oral surface of your specimen in outline and

fill in the detail in one arm as observed.

5. Examine the oral surface of a dried specimen and note (a) the

arrangement of the spines along the edges of the ambulacral grooves and

(b) the arrangement of the ambulacral ossicles forming the roof of the

grooves, through which the tube feet project. Draw a portion of one arm

to show the structure as observed.

6. For comparison, examine a number of other common species of

Echinoderms, such, for example, as the Brittle Star (Ophiura), Sea Urchin

(Arbacia), Sand Dollar (Echinarachnius) , and Sea Cucumber (Cucumaria).

(W. f. 47.)
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1. Place a preserved, injected Starfish, in its natural position, aboral

surface up, in a wax-bottomed dissecting pan and cover with water.

Turn the pan so that the two arms of the bivium are pointing away from

you, and fasten the animal in place by inserting a pin through the tip of

each arm.

2. A portion of the body wall covering each arm of the trivium may
now be carefully removed as follows : (a) Snip off the extreme tip of an

arm with the scissors
;

(b) insert point of scissors in the end of the arm
and carefully cut through the aboral wall about \ inch to the right of the

median line
; (c) extend the cut to the central disc, aiming the scissors

throughout at the madreporite ; id) make the same cut to the left of the

median line ; (e) beginning at the tip of the arm carefully raise the severed

portion of the body wall, detaching it from the underlying tissues and

leaving them carefully in place
; (/) make a transverse cut through the

body wall at the edge of central disc and discard the detached portion of

body wall ; (g) separate the cut edges of the arm and hold apart with

pins.

3. Carry out the procedure given in paragraph 2 for each of the two

remaining arms of the trivium and then dissect off and discard the body
wall of the central disc, excepting the area immediately surrounding the

madreporite, thus exposing the underlying stomach. Note the connec-

tions of the stomach with (a) the large paired pyloric caeca which

extend into each arm. Remove the caeca from one arm and find (b) a

pair of small feathery gonads extending into the arm from the central

disc. Identify (c) the retractor muscles extending from the wall of

the stomach to their attachment to the ambulacral ossicles in the arm.

Examine (d) the ampullae of the tube feet which he on either side of the

ridge of ossicles in the median line of the arm.

4. Draw the dissected animal in outline and fill in the detail in the

central disc and in two of the arms to show the structures as observed.

5. Carefully dissect out the stomach after clipping the retractor

muscles, taking particular care not to injure the madreporite. Find the

stone canal running orally from the madreporite to the mouth region.

Try to trace it to the ring canal encircling the mouth. Make a diagram

to show the arrangement of these parts.
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1. Examine an Earthworm and note the long, tubular body which is

composed of a large number of segments. Identify the anterior, poste-

rior, dorsal, and ventral regions of the body. Count the segments of

your specimen and compare the number with others at your table. Note

:

(a) the mouth, which is situated at the anterior end of the body below

the projecting lobe (prostomium)
;

(b) the anus situated at the posterior

end of the body, where it can be seen as a vertical slit in the last segment,

and (c) the swollen region (clitellum) lying in the region between seg-

ments 32 and 37 in Lumbricus terrestris, a common species.

2. With one hand take hold of the anterior end of the Earthworm and

draw the body through the fingers of your other hand. The rough feel-

ing is due to the presence of bristles (setae) which project through the

body wall. Ascertain the arrangement of the setae and the number

present on each segment.

3. Examine your specimen with the dissecting microscope and find the

following openings : (a) openings of the sperm ducts in the swellings on

the ventral surface of segment 15 ; (6) openings of the oviducts just

lateral to the inner double row of setae in segment 14 ;
(c) openings of

the seminal receptacles in the grooves between segments 9 and 10,

and 10 and 11, on a line with the outermost row of setae; (d) openings

of the nephridia just lateral and anterior to the setae of the inner row

on either side of each segment ;
(e) openings of the dorsal pores on the

anterior end of each segment in the median dorsal line.

4. Make (a) a drawing, twice natural size, of the anterior forty seg-

ments of the body from the ventral surface, and (b) a drawing, at the

same magnification, of the posterior ten segments of the body from the

dorsal surface to show the structure as observed.

5. For comparison, examine a number of other species of Annelida,

such, for example, as a free-swimming type, Nereis (p. 83), or Autolytus

which reproduces by budding; a tube-dwelling type (Amphitrite, Areni-

cola, or Chaetopterus) ; and the medicinal Leech (Hirudo). (W. f. 45.)
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1. Place a preserved Earthworm, dorsal surface up, in a dissecting pan

and fasten it with one pin through the prostomium at the anterior end of

the body, and another through the posterior end of the body. With fine

scissors cut very carefully through the body wall in the median dorsal

line, beginning just posterior to the clitellum. Extend the cut to the

anterior end of the animal, being careful to cut only through the body

wall so as not to injure the intestine just below. Beginning at the poste-

rior end of the cut, spread the cut edges by carefully cutting away the

segmental partitions (septa) which attach the body wall to the alimen-

tary canal. Pin the cut edges of the body wall to the wax in the pan.

Slant the pins away from the specimen so as not to interfere with your

study.

2. Examine the specimen and note : (a) the rather thick body wall

consisting for the most part of muscular tissue; (b) the body cavity

(coelom) which is divided into a linear series of chambers by the septa

;

(c) the alimentary canal running the length of the body through the

coelom as a straight tube, and (d) the dorsal blood vessel, generally

full of coagulated blood, which runs along the top of the alimentary canal.

It receives (i) small segmental branches coming from the body wall and

alimentary canal, and (ii) connects, in segments 8 to 12, with five pairs

of contractile, thick-walled vessels (aortic loops) . The latter pass around

the digestive tract and unite below with the ventral blood vessel.

3. Examine the alimentary canal and note that it consists of the follow-

ing parts : (a) the mouth which opens just below the overhanging prosto-

mium; (b) the thick, muscular pharynx extending back to segment 6

and attached to the body wall by many fine muscles ;
(c) the thin-walled

esophagus, largely obscured by (d) the overlying reproductive organs,

extending between segments 7 and 14 ;
(e) the crop at about segment 14

;

(/) the thick-walled, muscular gizzard at about segment 18; (g) the

intestine extending from segment 20 to (h) the anus at the extreme

posterior end of the body.

4. Make a drawing, twice natural size, to show these structures as

observed, being careful that each organ is drawn correctly with reference

to the segments.
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1. Fasten the specimen, which you worked on the last time, in a dis-

secting pan as before. Make a transverse cut through the alimentary

canal, a few segments posterior to the gizzard. Gently move the cut ends

slightly to one side and find the whitish ventral nerve cord lying

directly below in the median fine. Carefully remove the portion of the

alimentary canal lying anterior to the cut just made, as far as the pharynx,

but in so doing be sure first to cut all the septa which hold it, so as not

to disturb the underlying nerve cord.

2. Trace the nerve cord to the anterior end of the pharynx, where it

divides to form a nerve collar (circumpharyngeal connectives) which

encircles the anterior end of the pharynx. Examine the dorsal surface of

the nerve collar under the dissecting microscope and note the bilobed

swelling (cererral ganglion) which constitutes the drain of the animal.

If the dissection has been carefully made, nerves can be seen extending

from the cerebral ganglion to the extreme anterior end of the body.

3. Examine the exposed portion of the nerve cord with the dissecting

microscope and note that, in each segment, it expands to form a slight

enlargement (ganglion) from which two pairs of lateral nerves arise.

Anterior to the ganglion in each segment, find another smaller pair of

nerves. All these nerves can be traced into the near-by muscles of the

body wall.

4. Continue your examination with the dissecting microscope and

note, in each segment, lying close to the body wall on either side of the

nerve cord a tiny, greatly coiled, tubular structure (nephridium) which

is an important excretory organ. Note also the glistening, white longi-

tudinal muscle tissue of the body wall. Remove one or more of the

nephridia with a pair of fine forceps. Place on a slide or in a watch

glass with water. Study under the microscope and see if you can deter-

mine the main structural features.

5. Make an enlarged drawing of the anterior end of the Earthworm
to show the structures as observed.
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1. Examine, with the low and high power, a prepared transverse section

through the body of a small Earthworm. Draw the section in outline,

about four inches in diameter, and then fill in a quadrant to show the

general structure as follows

:

(a) Body Wall, which consists of: (i) a very thin, transparent outer

membrane (cuticle)
;

(ii) a layer of elongated, epidermal cells (epi-

dermis)
; (Hi) a layer of circular muscles and (iv) a thicker layer of

longitudinal muscles, which together comprise most of the body wall

;

and (v) a thin layer of peritoneal epithelium lining the coelom.

Note (vi) the bristle-like setae, with attached muscle fibers, projecting

through the body wall. Determine their number and arrangement and

compare with paragraph 2, page 279.

(b) Alimentary Canal, which appears in a transverse section as a

ring of tissue with a dorsal infolding which forms the typhlosole. The
wall of the canal consists of (i) an outer layer of cylindrical cells

(chloragogen layer) which also fill the cavity of the typhlosole
; (ii) a

muscular layer with both circular and longitudinal fibers
;

(Hi) a vascular

layer with many tiny blood vessels; and, finally, (iv) a layer of elongated

cells (lining epithelium) which form the inner lining of the tract and

are the essential agents in the digestion and absorption of food. A sec-

tion through the dorsal and through the ventral blood vessels can be

noted, lying above and below the digestive tract respectively.

(c) Nerve Cord, which consists of two distinct structures, the outer

envelope, or sheath, and the inner nervous portion. The sheath con-

sists of a thin, outer epithelial layer which encloses a thicker supporting

layer. Embedded in the supporting layer, dorsally, are the three giant

firers which run the length of the cord and, ventrally, the subneural

blood vessel. The nervous portion of the cord within the sheath is bilobed

and contains nerve cells and fibers. If the section happens to be through

the region of a ganglion a pair of the lateral nerves may be seen.
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(1)

1. Examine a preserved Crayfish and note that the body, which is

entirely covered with a chitinous exoskeleton, consists of a rigid ante-

rior portion (cephalothorax) and a jointed, flexible, posterior portion

(abdomen).

2. The portion of the exoskeleton covering the cephalothorax is known

as the carapace. The latter ends anteriorly in a dorsal projection

(rostrum). Examine the carapace and note the indentation (cervical

groove) in the exoskeleton which marks the division between the head

and thorax. Note : (a) the short antennules ; (6) the long antennae

with the opening of (c) a green gland, or kidney, on the basal joint of

each ; (d) the compound eyes ; and (e) the ventral mouth concealed by

appendages.

3. The abdomen consists of six similar segments and, at the posterior

end, a median structure (telson) which is generally regarded as a seventh

abdominal segment. Note the anal opening on the ventral surface of

the telson. Examine the abdominal segments and note how they are

joined together so as to permit movement. A pair of biramous append-

ages is attached to each abdominal segment except the telson. In the

male, the first two pairs of abdominal appendages are modified and en-

larged for the transfer of sperm, while in the female the first pair is greatly

reduced. In the female, there is also a cavity (seminal receptacle) in

the mid-ventral line between the fourth and fifth pairs of walking legs.

Determine the sex of your specimen.

4. Examine the exoskeleton of a detached abdominal segment and

note : (a) the dorsal, arched portion (tergum) ;
(b) the ventral, calcified

bar (sternum) ; and (c) the projecting, lateral portions (pleura). Ex-

amine the attached biramous appendages and note : (tf) the basal portion

(protopodite) which is attached to the body and bears (e) two jointed

branches (exopodite and endopodite).

5. Make (a) a drawing of the entire animal from the left side and (6) a

drawing of a detached abdominal segment from one end.

6. For comparison, examine a number of other common species of

Crustacea, such, for example, as the tiny Water-flea (Daphnia) or the

one-eyed Cyclops, the sessile Barnacle {Balanus), the Crab (Callinedes

or Gelasimus), the Spider Crab (Libinia), and the terrestrial Pill-bug

(Oniscus). (W. f. 51.)
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(2)

1. Carefully cut off a portion of the carapace from the left side of your

specimen, thus exposing the left gill chamber containing the gills.

Then lay the animal on its right side under water. Note the feathery

character of the gills and their attachment either to the appendages or to

membranes present at the base of the appendages. Find the modified,

paddle-shaped portion (scaphognathite) of the second maxilla, which
lies in the anterior end of the gill chamber and by its movements keeps

a current of water bathing the gills.

2. Examine and identify the 19 pairs of appendages present on the

Crayfish, using the figures and description in your textbooks. In doing

this it will be well to begin at the posterior end of the animal and work
forward. The appendages may be summarized as follows

:

(a) Abdominal Appendages, six pairs, namely, the uropod and five

pairs of swimmerets. The first two pairs of swimmerets are not typical

and are different in the two sexes.

(6) Thoracic Appendages, eight pairs, namely, five pairs of walking
legs and three pairs of maxillipeds.

(c) Head Appendages, five pairs, namely, two pairs of maxillae, one

pair of mandibles, one pair of antennae, and one pair of antennules.
(W. fs. 64, 65.)

3. Beginning again at the posterior end of the abdomen, carefully

remove all the appendages one by one from the left side of the animal and
pin each one in a dissecting pan in its proper order and position. In

removing them, be sure to get the whole of each appendage, including the

gills when present. The small appendages around the mouth must be
handled very carefully with fine forceps.

4. Study and make a drawing of the following appendages : (a) an-

tenna
; (6) SECOND MAXILLA

; (c) THIRD MAXILLIPED
; (d) FIRST and

SECOND WALKING LEGS, and (e) THIRD and SIXTH ABDOMINAL APPENDAGES.
Identify and label the homologous parts in each.
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1. Secure a good-sized preserved Crayfish and place in dissecting pan.

Hold the animal firmly with one hand, dorsal surface up, and insert the

points of the scissors under the center of the posterior margin of carapace.

Beginning at this point, cut through the carapace in the mid-dorsal line

and continue the cut to the base of the rostrum, stopping just back of the

eyes. From this point make transverse cuts through the carapace to the

right and to the left. Each cut should extend ventrally from the mid-

dorsal line to the ventral edge of the carapace, just posterior to the eyes

and at the base of the antenna. The right and left halves of the cara-

pace, which have now been completely severed, may be carefully detached

from the underlying tissues and discarded, thus exposing the internal

organs of the thorax and head regions, including the lateral gill chambers.

2. Note the delicate pigmented membrane which, if unbroken, covers

the internal organs. Remove the membrane and note : (a) the thin-

walled stomach in the midline near the anterior end of the body
;

(b) the

muscular heart lying in the pericardial cavity, the walls of which

consist of (c) a delicate pericardium. Find : (d) the large anterior

median artery which extends forward from the anterior margin of the

heart ; and (e) the dorsal ardominal artery which extends posteriorly

through the abdomen. On either side and below the heart note : (/) a

digestive gland ; and (g) a gonad just anterior. Carefully remove the

heart, taking care not to disturb the other organs. Examine it under

water and find (h) three pairs of openings (ostia) through which the blood

enters the heart from the surrounding pericardial cavity.

3. Examine the stomach and locate : (a) the short esophagus, run-

ning dorsally from the mouth and opening into the ventral surface of the

stomach at the anterior, or cardiac portion. The digestive glands open

into the posterior, or pyloric portion of the stomach. Trace (b) the

intestine posteriorly from the stomach to the abdomen. With the scis-

sors cut through the entire length of the abdominal wall in a mid-dorsal

line. Separate the cut edges and find (c) the intestine lying between

the abdominal muscles : trace it to the external opening on the ventral

surface of the telson. Make a drawing of the alimentary canal to show
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the structure as observed. Remove the stomach, open and note (d) the

large anterior cardiac portion which receives food from the esophagus

and which contains (e) the gastric mill with (/) chitinous denticles for

grinding. Note (g) the strainer between the cardiac and pyloric por-

tions.

4. Examine the large segmentally arranged extensor muscles in the

abdomen and also the flexor muscles which run from the abdomen to

their anterior attachment on the right and left sides of the ventral wall

of the thorax. Understand the actions of these two sets of muscles.

5. Separate the extensor muscles in the median line and locate the

underlying ventral nerve cord. Trace the latter throughout the length

of the abdomen noting the ganglia and the branches given off to the

adjacent muscles. Next trace the nerve cord anteriorly through the

thorax and to the anterior end of the body. In the thorax the cord lies

concealed under the muscle tissue and a series of chitinous plates. Care-

fully dissect and expose the nerve cord throughout the entire length of

the body. Note the double character of the cord. This is well-shown in

the posterior part of the thorax, where it is pierced by the sternal artery,

and also in the head, where the nerve cord passes around either side of

the esophagus and then unites again to form the important cerebral

ganglion, from which nerves are given off to the eyes, antennules, and

antennae. Find the sac-like green glands, which function in excretion,

lying near each eye at the base of the antenna, through which they open.





EXTERNAL ANATOMY OF THE GRASSHOPPER 1

1. Examine a large Grasshopper and note that the body, as previously

seen in the Crayfish, is completely enclosed in the chitinous exoskeleton.

Note further that the body is definitely divided into the head, the thorax,

to which the legs and wings are attached, and the abdomen with distinct

segmentation. Make an outline drawing from the left side to show the

general body plan.

2. Examine the head and note the following structures : (a) the very

flexible, jointed antennae
; (6) the two large compound eyes

; (c) three

simple eyes (ocelli) on the front of the head in the region of the ' fore-

head '
; (d) the clypeus forming a median portion of the exoskeleton in

the front of the head with (e) the upper Up (labrum) lying just ventral.

3. Carefully remove the labrum and find, underneath, the chewing

(mandibulate) mouthparts as follows : (a) a pair of toothed mandibles
;

(b) a pair of maxillae to each of which (c) a maxillary palp is attached,

and finally (d) the lower lip (labium) divided in the midline and bearing

a labial palp on each side. Draw the head from the front, showing the

structures as observed under paragraphs 2 and 3.

4. Examine the thorax and note the heavy exoskeleton, particularly

on the ventral surface. There are three thoracic segments designated as

the prothorax, mesothorax, and metathorax, each of which bears a

pair of legs and the last two, in addition, a pair of wings each. Note

that the articulation between the prothoracic and mesothoracic segments

permits movement, but that the mesothoracic and metathoracic segments

are rigidly joined.

5. Examine the wings and note the difference in the character of the

two pairs. Remove one of the large metathoracic legs. Note the follow-

ing segments : (a) the coxa, attached to the body
;

(b) the small tro-

chanter, attached to the distal end of the coxa
;

(c) the large tapering

femur
;

(d) the straight, rod-like tibia with two rows of spines towards

the distal end; (e) the five-jointed tarsus with a pair of very sharp

claws on the last segment between which is a fleshy pad (pulvillus).

Make outline drawings of the two wings and a metathoracic leg.

6. Examine the abdomen. Identify the eleven segments of which it

is composed and note that most of them are so attached as to permit a

considerable freedom of movement. Note further that the exoskeleton

of the abdomen, as in the Crayfish, is typically divided into a dorsal por-

tion (tergum) and a ventral portion (sternum), except in the first and

the last abdominal segments, in which the sterna are lacking. Note the

fusion of the sterna in abdominal segments 9 and 10. Find a pair of

breathing pores (spiracles) on the mesothoracic and metathoracic seg-

ments and on the first eight abdominal segments. Note the tympanum

on each side of the first abdominal segment.
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1. Secure a large preserved Grasshopper and with scissors cut off the

wings and the legs, close to the body. Pin the specimen, dorsal surface

up, in a wax-bottomed pan, and cover with water. Carefully insert the
tips of sharp-pointed scissors through the dorsal body wall, in the midline,

at the extreme posterior end of the abdomen. Make a median longitu-

dinal incision extending from the point of insertion throughout the length

of the abdomen and the thorax. Be careful to cut just through the body
wall so as not to injure the underlying tissues. Carefully separate the

cut edges and then pin in such a way as to hold them apart.

2. Examine the internal organs and note the large alimentary tract
running throughout the length of the body. The following parts may be
noted: (a) the tubular esophagus extending from the mouth into the

thorax, where it gradually enlarges to form (b) the crop. Note (c) the
salivary glands extending along the wall of the crop anteriorly to the

mouth cavity into which they open. Posteriorly the crop narrows to

form (d) the muscular gizzard (proventriculus) which leads in turn to

0) the rather small stomach (ventriculus). Opening into the anterior

end of the stomach are (/) the gastric caeca.

3. Posterior to the stomach a mass of fine, coiled malpighian tubules,
which are excretory in function, obscure the underlying intestine, into

the anterior end of which they open. In the posterior part of the abdo-
men, the enlarged portion of the intestine (rectum) continuing to the

exterior is covered by a pair of gonads which he close to the dorsal body
wall. Trace the intestine to the anal opening.

4. Make a drawing of the internal anatomy which will show the struc-

tures observed in the preceding paragraphs.

5. After carefully cutting anteriorly and posteriorly, remove the entire

alimentary canal and attached structures from the body, but leave the

gonads in place. Find the duct leading from one of the gonads and trace

it ventrally to the point where it unites with the duct from the other

gonad and forms a common duct to the exterior.

6. Note the large leg and wing muscles in the thorax. With the

forceps remove a small piece of muscular tissue, mount and examine
microscopically in order to find some of the widely distributed air tubes

(tracheae) which are abundant in the muscle tissue. Note the relation

existing between spiracles and tracheae along the abdominal wall.

7. Examine the ventral body wall and find the median nerve cord
extending the length of the body in the mid-ventral fine. Note its general

nature and also the enlarged nerve centers (ganglia) distributed along

it ; two of which are in the head, three in the thorax, and five in the abdo-

men. Make a drawing to show the structure of the nervous system.
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EXTERNAL ANATOMY OF THE HONEY BEE 1
(1)

1. Examine a freshly killed or preserved Honey Bee of the worker type

and note that the body is divided into head, thorax, and abdomen.

Study the specimen with the dissecting microscope. Observe that the

thorax is composed of three segments, each of which bears a pair of jointed

legs. The second and third thoracic segments also bear a pair of wings.

Observe that the abdomen is composed of six visible segments. The exo-

skeleton of each of these segments is made up of the dorsal tergum and

the ventral sternum. At the posterior end of the abdomen is the anus

and the opening for the sting apparatus. Make an enlarged drawing

of the animal from the left side to show the structures observed.

2. Remove the head, place it on a slide, and study the anterior surface

under the dissecting microscope. Note: (a) the large compound eyes,

which project from either side of the head
;

(b) the small simple eyes

(ocelli) in the center and almost on top of the head
;

(c) the pair of

jointed antennae and just below them on the anterior surface; (d) a

median, dome-shaped structure (clypeus) to which is attached (e) the

upper lip (labrum). As seen from the anterior surface the chief mouth
parts consist of (/) a long, median tongue (glossa) with (g) a spoon-like

tip (labellum)
; (h) a pair of labial palps, one on each side of the

tongue; (i) a pair of wider, projecting maxillae, lateral to the palps;

and (J) a pair of mandibles, attached near the labrum. The mandibles

are generally closed, in which position they obscure the underlying labrum

and (k) epipharynx. Make an enlarged drawing of the head from the

anterior surface to show the structures observed.

3. With fine forceps remove the posterior portion of the abdomen.

Place it on a slide under the dissecting microscope, and with a pair of

needles dissect out the sting apparatus. Note the following parts:

(a) a pair of barbed darts, which with the sheath form a long, rigid,

median structure
; (6) a pair of fleshy sting feelers, one on either side

of the darts; and (c) the poison sac with attached poison glands.

Draw to show the structures observed.
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EXTERNAL ANATOMY OF THE HONEY BEE 1
(2)

1. With fine forceps, carefully remove the left prothoracic leg, being

sure that you secure all the joints. Mount and examine it with the dis-

secting microscope and also with the low power of the compound micro-

scope. Note that it is composed of five joints which, beginning with the

one attached to the body, are designated as follows : (a) coxa ; (6) tro-

chanter
; (c) femur ;

(d) tibia, and (e) the five-jointed tarsus. Note

:

(/) the feathery branched hairs, for gathering pollen, which are present

on all the joints except the tarsus ; (g) the pollen brush and (h) the

flattened spine (velum) on the tibia ; (£) the circular antenna comb on

the first joint (basitarsus) of the tarsus, which works with the velum on

the tibia to form an antenna cleaner ; (J) the eye brush, also on the

first joint of the tarsus, and (k) the foot, or terminal portion of the tarsus,

which consists of a fleshy adhesive pad (pulvillus) and a pair of notched

claws. Draw to show the structures observed.

2. Remove, mount, and study as before, the left mesothoracic leg.

Observe the pollen spur on the tibia, which is used to dislodge the pollen

pellets from the pollen basket on the tibia of the metathoracic leg. Draw

a portion of the leg to show this structure.

3. Remove, mount, and study as before the left metathoracic leg.

Note : (a) the concavity (pollen basket) on the outer surface of the

tibia ;
(b) the row of short, stiff spines (pecten) present on the distal end

of the tibia ; (c) a concave plate (auricle) on the inner surface of the

first joint of the tarsus ; and (d) the pollen combs, on the first joint of

the tarsus. Draw a portion of the leg to show these structures.

4. For comparison, examine a number of other common species of

Insects, such, for example, as the primitive Silver-fish (Lepisma), Dragon-

fly (Libellula), Giant Water-bug (Benacus), House-fly {Musca), Mosquito

(Culex), Flea (Pulex), Stag Beetle (Passalus), and the large Black Ant

(Camponotus).
» B. pp. 123-128.
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LIFE HISTORY OF THE MOTH 1

1. The life history of the Moths and of other Insects with complete

metamorphosis consists of four stages, namely, egg, larva, pupa, and

ADULT.

(a) Egg. The eggs of a Moth are generally laid on, and attached to,

leaves which later serve as food for the larvae. Examine, with the dis-

secting microscope, a preparation of a leaf with the attached eggs and

make a drawing.

(b) Larva. Examine the segmented, worm-like, larval stage of the

moth (caterpillar) and make a drawing to show the following struc-

tures : (i) the head, which appears as one segment and bears on its ante-

rior surface tiny, simple eyes (ocelli) and, laterally on each side of the

mouth, a pair of jaws (mandirles) ;
(ii) the thorax, consisting of three

segments, each of which bears a pair of small jointed appendages with

sharp hooks, and (Hi) the ardomen, consisting of the posterior nine seg-

ments, of which five bear unjointed appendages, known as prolegs.

Note the openings (spiracles) of the tracheal tubes on each side of certain

segments. Draw the animal from the left side to show the structures

observed.

(c) Pupa. Examine the silky cocoon which the animal spins and in

which it encloses itself at the end of the larval period. Carefully open

the cocoon by making a longitudinal cut through the wall with the tips of

the scissors. Remove the living pupa and examine under the dissecting

microscope. Identify the head, thorax, ardomen, antenna cases,

wing cases, and leg cases. Make drawings of (i) the cocoon, and

(ii) the pupa from the ventral surface.

(d) Adult. Examine an adult Moth. Identify (i) the head, with

eyes and antennae
;

(ii) the thorax, with fore and hind wings, and

three pairs of legs; and (Hi) the segmented ardomen. Compare the

various structures with those seen in the Bee. Make a drawing of the

dorsal surface, showing all structures possible.

i B. pp. 130-133.
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CLAM 1

1. The shell of a Clam consists of right and left halves (valves) which

are hinged together along the dorsal surface. Concentric lines of growth

are visible on the shell, which radiate from a dorsal portion, or umbo,

where growth of the shell started. Draw the external surface of the left

valve.

2. Carefully remove the left valve from your specimen, noting the

structure of the hinge and the attachments of the anterior and the

posterior adductor muscles to the interior of the shell. It is necessary

to cut both of these muscles before removing the valve. Note that the

internal organs are enclosed by a membranous mantle which lines both

valves of the shell. The space between the two halves of the mantle, in

which the organs he, is known as the mantle cavity. Turn back the

left half of the mantle, cutting a little at each end, and thus expose the

structures in the mantle cavity as follows : (a) the large dorsal visceral

mass, from which (ft) the ventral muscular foot extends
;

(c) the delicate,

striated gills; and (d), at the posterior end of the mantle, the dorsal

(exhalent) and the ventral (inhalent) siphons.

3. Below the anterior adductor muscle, note the two pairs of palps,

between which the mouth is situated. At the posterior end of the body
find the anus, which opens into the exhalent siphon, dorsal and slightly

posterior to the posterior adductor muscle. Trace the intestine ante-

riorly from the anus to the heart. The latter lies in a median dorsal

position enclosed in the thin, delicate pericardium. The heart consists

of a single ventricle through which the intestine passes, and two small,

thin-walled auricles lying laterally and below and attached to the peri-

cardium. The auricles are easily destroyed in the dissection. Locate

the anterior aorta continuing anteriorly from the heart and the posterior

aorta continuing posteriorly along the intestine. On the latter note, in

some species, the bulbus arteriosus a short distance back of the heart.

4. Make an enlarged drawing showing the internal structure of the

Clam as observed.

5. Examine the external structure of various other types of Molluscs,

such as (a) the common garden Slug which lacks an external shell, (ft) a

Snail with a spirally-coiled shell, and (c) a free swimming Squid with

prominent head region.
i B. pp. 139-148.
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EXTERNAL ANATOMY OF THE CHORDATES 1

1. Examine the worm-like Chordate, Dolichoglossus, and note the

following structural features: (a) the blunt hollow proboscis at the

anterior end, just back of which is (b) the collar encircling the anterior

end of the body. Posterior to the collar on the dorsal side of the body

is (c) a double row of small openings, the gill slits, which are believed

to indicate chordate relationship. Internally Dolichoglossus possesses a

notochord-like structure and a dorsal nervous system, both of which are

also generally regarded as additional evidence of Chordate relationship.

On the whole it must be emphasized that the taxonomic position of this

species is open to considerable question. Draw to show the external

structures.

2. Examine one of the so-called Sea-squirts, such as Molgula. In

the adult condition these animals are attached to some solid object and

show no external characters which would link them with the typical

Chordate. The rather cylindrical body is completely enclosed in (a) a

tunic largely composed of cellulose. Note (b) the oral aperture and

(c) the atrial aperture. During life a current of water is continually

drawn into the oral aperture, then passes through (d) the inner branchial

chamber, the walls of which contain numerous ciliated gill slits. Next

the water passes into the surrounding atrial cavity and then out of the

body through the atrial aperture. The tiny, microscopic larval stage of

this group is a free-swimming tadpole-like organism which unquestion-

ably possesses the three basic chordate features. Examine a preparation

of the larval stage if available and note the general structural arrange-

ments. Draw both stages in outline to show structures observed.

3. Examine the small free-swimming Chordate, Branchiostoma, more

commonly known as Amphioxus. Note that the elongated body is

definitely fish-like in its general shape. Identify the anterior, posterior,

dorsal, and ventral surfaces. Note: (a) the opening (oral hood) at

the extreme anterior end of the body surrounded by (6) a fringe of cirri

and opening into (c) a cavity (vestibule) at the base of which is (d) the

jawless mouth, (e) The dorsal fin will be found extending practically

the length of the body on the dorsal side and joining posteriorly with

(/) the tail (caudal) fin. The latter is continuous with (g) the ventral

fin, which extends anteriorly about one-third the length of the body.

Note further (h) a marked segmentation (metamerism) of the muscle

tissue in the body wall. On the ventral surface locate (i) the anal

opening near the anterior end of the caudal fin and also (j) the opening

(atriopore) at the posterior end of the ventral (k) metapleural fold

which encloses the atrial cavity. Draw in outline to show the structure

as observed.
1 B. pp. 149-152.
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EXTERNAL ANATOMY OF THE VERTEBRATES ' (1)

A. Cyclostomata

1. Examine a Lamprey (Petromyzon marinus) and note the long cylin-

drical eel-shaped body covered with a soft slimy skin which entirely lacks

rigid exoskeletal structures. Identify the anterior, posterior, dorsal,

and ventral surfaces. Note: (a) the jawless mouth which lies at the

bottom of (6) the suctorial buccal funnel with (c) a number of horny

teeth on each side. Note further (d) a pair of large eyes, and between

them on the dorsal surface of the head (e) a single olfactory opening

(nasal aperture). Laterally and posteriorly to the eyes, on each side

of the body, are (/) seven gill slits opening through the body wall.

Locate (g) the urogenital aperture near the posterior end of the body.

Examine the unpaired fins on the dorsal and ventral surfaces and around

the tail region. Draw in outline to show general structure.

B. Pisces, or Bony Fishes

2. Examine a small specimen of some common Bony Fish and note the

pointed, laterally compressed body adapted for rapid swimming, with a

well-developed head, trunk, and tail. Identify the anterior, posterior,

dorsal, and ventral surfaces. Examine (a) the overlapping scales which

almost completely cover the body. Note: (6) the large mouth with

(c) upper and lower jaws and (d) numerous teeth. Note further (e) the

eyes; (/) the paired dorsal olfactory openings; and (g) the oper-

culum covering the gills on each side of the body. Examine : (h) the

fins and identify the two unpaired dorsal fins ; the caudal fin with

dorsal and ventral lobes (homocercal) ; the single ventral fin ; and,

finally, the two pairs of paired fins, namely the pectoral fins, one

on each side of the body just back of the operculum, and the pelvic

fins, attached to the ventral surface. Draw in outline to show general

structure.

C. Amphibia

1. Examine a Frog and note: (a) the general form of the animal;

(b) the division into head and trunk; (c) the fore and hind limbs;
l B. pp. 152-157; 164-167.
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(rf) the opening of the cloaca ;
(e) the character of the skin (the micro-

scopic structure of the skin is studied in a later exercise on page 319)

;

and (/) the difference in color between the dorsal and ventral surfaces.

2. Examine the head and note the following structures : (a) the large

mouth ; (6) the pair of small, anterior openings, or nostrils (external

nares)
; (c) the pair of circular ear drums (tympanic memrranes) ;

(d) the protruding eyes ; and (e) the tiny nodule (brow spot) in the skin

between the eyes. Note how the lower eyelids cover the eyes and how

each eye may be drawn into a cavity (orbit) in the skull and thus pro-

tected from injury.

3. Examine the fore limb and identify the upper arm, forearm, and

hand ; the latter with wrist and digits. Examine the hind limr and

identify the thigh, shank, and foot ; the latter with ankle, digits, and

interdigital web. Note the difference in length between the two pairs

of limbs.

4. Make a drawing of the Frog, showing as many of the above charac-

ters as possible.





EXTERNAL ANATOMY OF THE VERTEBRATES l

(2)

A. Reptilia

1. Examine a small Turtle and note: (a) the general form of this

animal encased in (6) the heavy box-like shell composed of (c) a dorsal

portion (carapace) and (d) a ventral portion (plastron)
;

(e) the highly

developed head with (/) a long flexible neck ; (g) the clawed penta-

dactyl limbs; and (h) the short tail. Note (£) the scaly character of

the skin on the uncovered parts of the body.

2. Examine the flattened, triangular-shaped head and note the follow-

ing structures: (a) the large mouth with heavy jaws, but no teeth;

(6) the pair of dorsal olfactory openings (external nares)
; (c) the

tympanic membrane on either side of the head, posterior to the attach-

ment of the lower jaw ; (d) the eyes protected by (e) upper and lower

eyelids and (/) a nictitating membrane which moves laterally to

cover the eye. Draw in outline to show general structure.

B. Aves, or Birds

3. Examine a Pigeon and note the general form of this animal and

the external covering composed of the unique exoskeletal structures,

feathers, which are found only on Birds. Note the division of the body

into head, neck, trunk, and short tail. Examine the clawed, four-

digited hind limbs which are adapted for bipedal locomotion, and the

greatly modified fore limbs, or wings, which are adapted for flying.

Examine the different types of feathers on various regions of the body.

4. Examine the small head, and note the mouth with a projecting horny

structure (beak) which is an anterior continuation of the bony toothless

jaws. Identify the olfactory openings, the auditory openings, and

the eyes with upper and lower eyelids and nictitating membrane.

Draw in outline to show general structure.

C. Mammalia

5. Examine a small Mammal, such as a Rat or a well-developed fetal

Pig, and note the general form of this animal covered with the unique

exoskeletal material (hair) which is found only on Mammals. Note the

divisions of the body into head, neck, trunk, and flexible tail. Ex-

amine the fore and hind limbs, all of which are adapted for quadrupedal

locomotion. Examine the head. Note the mouth with well-developed

jaws and teeth, the olfactory openings, the auditory openings with

external ears, the eyes, with upper and lower eyelids. Draw in outline

to show general structure.

6. Construct a table which will show in a comparative way the chief

external structural features of the six Vertebrate types studied in this

and the previous exercise.
1 B. pp. 157-164.
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VERTEBRATE EPITHELIAL TISSUES 1

A. Squamous Epithelium

1. The flattened, or squamous, type of epithelial cells may be observed

in the outer layers of frog skin which are continually being sloughed off.

Secure some of this shed tissue unstained. Mount and examine under the

microscope. Note the large surface area of these cells as compared with

their thickness. Add a few drops of stain, such, for example, as acetic

carmine. Reexamine and note the differentiation of the various cellular

structures. Draw to show the structure as observed.

2. This same type of epithelial tissue, but with the cells usually more or

less separated from each other, may also be obtained by gently scraping

the inside of your cheek with a clean, blunt instrument, such as the handle

of your scalpel. Secure some cells in this manner. Mount, stain, and

examine as noted above. Draw to show the structure as observed.

B. Stratified Epithelium

3. Examine a prepared, transverse section of frog skin and note that

the outer region, or epidermis, which develops from the ectoderm, is

composed of several layers of epithelial cells, ranging in shape, by gradual

transition, from the squamous type on the upper surface, such as was

noted in paragraph 1, to the tubular shaped cells of the columnar epithe-

lium lying next to the dermis. Draw to show the different types of epi-

thelial cells observed in the various layers of the epidermis.

C. Ciliated Epithelium

4. Secure a small piece of the living mucous membrane from the roof

of the mouth of an anaesthetized Frog. Place the tissue in normal salt

solution and tear it apart with dissecting needles in such a way as to

secure tiny bits of the lining layer containing numerous ciliated epithelial

cells. With a pipette pick up some of these bits of tissue. Mount and

examine with low and high power and note the vigorous ciliary action on

the outer edge of these cone-shaped cells. Stain the preparation. Re-

examine and then draw to show the structure as observed.

D. Secretory Epithelium

5. Examine a prepared transverse section of frog intestine under the

microscope. Focus on the inner epithelial layer (mucosa) which originally

develops from the endoderm and which forms the functional digestive and

absorptive tissue of the intestine. Study with the high power and note

numerous elongated secretory, or glandular, cells which are structurally

characterized by the presence of an oval-shaped secreting area near the

distal end. Draw a portion of the mucosa showing these cells.

i B. pp. 167-169.
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VERTEBRATE MUSCLE TISSUES 1

1. Unstriated Muscle. Examine, with the low and high power, a pre-

pared transverse section of frog intestine. Note that it is composed of

a number of layers as follows : (a) the thin, outer covering (peritoneum) ;

(b) the muscular layers consisting of an outer longitudinal layer and

a thicker, inner circular layer; (c) the connective tissue layer (sub-

mucosa), and (d) the epithelial layer (mucosa) which is thrown into folds,

and forms the inner lining of the intestine.

2. Study the two layers of unstriated muscle tissue under the high

power. Note that the tissue of the circular layer consists of closely

packed, elongated, spindle-shaped cells. In the longitudinal layer this

same type of muscle is also present, but in this case the cells have been

cut transversely so that the true shape of the cell bodies is not seen. Draw

a portion of both layers to show the structure as observed.

3. Examine a small piece of tissue from the wall of frog intestine or of

bladder, which has been properly macerated so as to show the spindle-

shaped unstriated muscle cells separated from each other. Note the

structure of the individual cells, each with a distinct nucleus and very

delicate longitudinal striations. Draw several cells to show structure as

observed.

4. Striated Muscle. Place a small piece of fresh muscle from the leg

of a Frog in a drop of normal salt solution on a slide. Tear it thoroughly

apart with dissecting needles. Add a drop of acetic carmine stain, mount,

and examine with the low and the high power. Note that this type of

tissue consists of long, striated, cylindrical bundles of muscle fibers

bound together by connective tissue (perimysium) . Under the high power

study the cytoplasm (sarcoplasm) of the muscle fibers and observe the

distinct transverse striations and the less distinct longitudinal stri-

ations which are present in them. Each tiny fiber represents a single

modified, multinucleate cell with several nuclei embedded in the sarco-

plasm. A very thin layer of connective tissue (sarcolemma) encloses

each fiber. Draw to show the structure as observed.

i B. pp. 169-172.
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VERTEBRATE SUPPORTING TISSUES 1

1. Fibrous Connective Tissue. Examine, with the high power, a

prepared, transverse section of frog skin. Note that : (a) the outer portion

(epidermis) of the skin is made up of several layers of stratified epithelial

cells
;

(b) the inner portion (dermis) of the skin is divided into a com-

paratively loose layer of connective tissue (stratum spongiosum) which

lies next to the epithelial cells and consists of connective tissue fibers, in

which are embedded numerous glands, blood vessels, and lymph spaces.

The remainder of the dermis consists of (c) a layer of very dense connective

tissue (stratum compactum) in which the bundles of wavy connective

tissue fibers run, in general, parallel to the surface of the skin. At intervals

this layer is crossed by vertical strands which extend through the stratum

spongiosum to the epidermis. These strands are made up of connective

tissue fibers and also, in some cases, of muscle fibers, nerves, and blood

vessels. Draw a portion of the section to show the structure as observed.

2. Cartilage. Examine, with the high power, a prepared section of

hyaline cartilage. Note : (a) the transparent, homogeneous inter-

cellular substance (matrix) which possesses (b) numerous spaces (lacu-

nae). The latter contain (c) one or more nucleated cartilage cells.

Note also, in various regions of the preparation, that the lacunae contain-

ing the cartilage cells show a tendency to group together. Draw a portion

of the section to show the structure as observed.

3. Bone. Examine a fresh bone, e.g., the femur of a large mammal,

and note its general character and the covering of cartilage at either end

where it forms a joint with another bone. Examine a transverse section

of a fresh bone and note the outer ring of bony tissue covered by the

delicate living periosteum and enclosing the highly vascular bone

marrow.

4. Examine a permanent microscopic section of stained, decalcified

bone. Note (a) the intercellular matrix arranged in (6) concentric

layers (lamellae) and containing (c) the cell cavities (lacunae) in which

(d) the bone cells (osteoblasts) lie. Note further (e) the tiny branches

(canaliculi) of the lacunae which, in fife, contain the delicate projections

of the osteoblasts. (/) Haversian canals which contain blood vessels

may also be identified. Draw to show the structure as observed.

1 B. pp. 172-175.
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AXIAL SKELETON 1

1. Examine the skull of a Dog or Cat. Note that it consists of the

brain case (cranium), and the facial portion which forms the frame-

work of the face and jaws. Locate the bony sense capsules which enclose

and protect the nose, eyes, and ears. Observe the articulation of the lower

jaw (mandibles) at the posterior end of the skull with the posterior por-

tion of the prominent zygomatic arch. Note the similarity and the

relation of the teeth of both jaws and their adaptation for different pur-

poses. Various openings (foramina) are present in the skull bones, which

serve as exits for the cranial nerves and blood vessels. The largest of

these is the foramen magnum at the posterior end of the skull, through

which the spinal cord passes into the cranium. On each side of the fora-

men magnum is a smooth, rounded prominence (occipital condyle).

The condyles fit into depressions on the first vertebra of the vertebral

column, and thus articulate the skull with it.

2. Examine the surface of the skull and note that it is composed of a

considerable number of bones which are jointed together by irregular

sutures. Identify the following bones : (a) the occipitals, which form

the posterior part of the skull around the foramen magnum; (b) the

parietals, which form a considerable portion of the dorsal and lateral

walls of the cranium ;
(c) the temporals, in which the ears are located,

consist chiefly of the dorsal squamosal portions and he ventral to the

parietals. From each of them there is (d) a curved projection (zygo-

matic process) which unites anteriorly with (e) the malar bone to form

the zygomatic arch
; (/) the frontals which he anterior] to parietals

and dorsal to the eye ; (g) the median nasals which form the dorsal wall

of the nasal cavity ;
(h) the maxillae and (£) the small premaxillae,

which together form the upper jaw and a large portion of the roof of the

mouth ; (j) the palatines which he in the roof of the mouth posterior to

the maxillary bones
;

(k) the median sphenoids, posterior to the palatines

;

and (0 the mandible, or lower jaw.

3. Draw the skull from the left side, showing as many as possible of the

parts mentioned above.

4. Examine a vertebra from either the thoracic or lumbar region of the

spinal column. Note : (a) the large, solid centrum, with (b) the neural

arch lying dorsal and surrounding (c) the neural canal ;
(rf) the trans-

verse processes for the attachment of muscles, projecting laterally from

each side ;
(e) the neural spine, which projects dorsally from the neural

arch, and (/) the anterior and posterior articular processes. Draw

the vertebra from either an end or a side view.

» B. pp. 175-179.
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APPENDICULAR SKELETON 1

1. With the structural plan of the vertebrate pentadactyl limb in mind,

examine the mounted skeleton of a Dog or Cat and note the differences

between the fore limbs and the hind limbs, as well as between their respec-

tive girdles.

2. Secure a detached fore limb and determine from the mounted skeleton

whether it is a right limb or a left limb. Identify the following bones

:

(a) the shoulder blade (scapula) with a median ridge ; (6) the large hu-

merus
; (c) the radius, and (rf) ulna — the latter is the larger and forms

the main articulation with the humerus
;

(e) the wrist (carpus), composed

of seven carpal bones
; (/) the hand, composed of five metacarpal bones

and five digits. Each of the digits consists of three bones (phalanges)

with the exception of the first, corresponding to our thumb, which has

only two. Make a reduced drawing of the entire fore limb.

3. Secure a detached hind limb and determine from the mounted skele-

ton whether it is a right limb or a left limb. Identify the following bones :

(a) the pelvis, which has a bony attachment to the vertebral column

;

(b) the large femur
; (c) tiria, and (rf) firula — the former is the larger

and forms the main articulation with the femur
;

(e) the ankle (tarsus),

composed of seven tarsal bones
; (/) the foot, composed of five meta-

tarsal bones, one of which is much reduced, and four digits— the first is

lacking— each of which consists of three bones (phalanges). Make a

reduced drawing of the entire hind limb.

4. For comparison, study the limbs of a Bird, Bat, Horse, and Man.
Note, in all these types, the homologies of the principal bones and their

modifications, such as changes in form, consolidation, suppression, etc.

•B. pp. 179-181.
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VISCERA OF THE FROG 1

1. Pin out a freshly chloroformed Frog, with the ventral surface up, in a

dissecting tray. With fine forceps lift up the loose skin near the posterior

end of the abdomen, and then with scissors make a longitudinal incision,

through the skin only, just to one side of the median line and running from

the posterior end of the abdomen to the throat region. Make a transverse

incision in the skin in the pelvic region, and also one just posterior to the

fore limbs. Pin out the flap of skin on each side.

2. In the same way make a longitudinal cut through the muscle tissue

of the body wall, running from the pelvic region to the sternum. Cut
through the bony shoulder girdle on each side of the sternum, being

careful not to injure the underlying heart. Make transverse cuts as before

and pin the flap of body wall on each side over the flap of skin previously

pinned out.

3. Examine the large coelom filled with the viscera, which you have

now exposed. It is fined with a delicate membrane (peritoneum) which

is continuous over the various organs in the body cavity. The peritoneum

also forms folds (mesenteries) by which certain organs are suspended

and held in place. Identify and study the following structures

:

(a) The heart, at the anterior end of the coelom, enclosed in a delicate,

transparent sac (pericardium). Carefully remove the pericardium.

Watch the pulsations of the heart and determine the number per minute.

Place your finger tip on the heart while it is beating and note the alternate

tension and relaxation. Locate: (i) the single, thick-walled posterior

ventricle; (ii) the pair of thin-walled anterior auricles; and (Hi) the

conus arteriosus which leads anteriorly from the ventricle. Lift the

heart and locate, underneath, the sinus venosus which opens into the

right auricle.

(b) The lungs, consisting of a pair of thin-walled vascular sacs which

communicate to the exterior through the glottis in the mouth. The lungs

lie close to the dorsal body wall on each side, near the heart.

(c) The liver, consisting of three large, reddish-brown lobes which lie

in a prominent position lateral and posterior to the heart. Separate the

lobes slightly and find the gall bladder, which receives bile from each

of the lobes.

iB. pp. 181-184.
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(d) The alimentary canal, consisting of a long tube running from the

mouth to the cloaca. Identify the sac-like stomach which lies to the

animal's left, just under the tips of the lobes of the liver, and the coiled

small intestine, which can be traced posteriorly to the large intestine.

Note the small, spherical, red spleen nearby.

(e) The urogenital organs, consisting of the kidneys and either the

male gonads (testes) or female gonads (ovaries). These lie close to the

dorsal body wall, and can be seen by gently pushing the intestine slightly

to one side. In the spring, the abdominal cavity of the female is largely

filled with the developing eggs in the right and left ovaries.

(/) Arrange the organs to the best advantage, and make a full page

drawing to show as many as possible of the observed structures.





BUCCAL CAVITY AND RESPIRATORY ORGANS 1

1. Pin the Frog which you previously dissected, ventral surface up, in a

dissecting pan. Pull back the lower jaw, cutting a little at each corner, and

then pin the edge of the lower jaw to the ventral surface of the body so as

to expose fully the cavity of the mouth (buccal cavity).

2. Note the upper jaw with (a) a projecting, fleshy upper lip, and

bearing (b) numerous very fine maxillary teeth, which you can feel by

rubbing over them with your finger ;
(c) the two groups of vomerine

teeth on the dorsal roof of the mouth ; (d) the olfactory openings (in-

ternal nares), one on either side of the vomerine teeth ;
(e) the openings

of the eustachian tubes, posterior to the internal nares.

3. Note the lower jaw with (a) the muscular tongue, which is attached

anteriorly, and (b) the circular elevation with a median, slit-like opening

(glottis) into the tracheal cavity which leads to the lungs. Leading

from the posterior end of the mouth is (c) the esophagus which con-

tinues to the stomach. Make a drawing of the entire mouth cavity to

show the structures observed.

4. Place the lower jaw in a normal position and then carefully remove

the skin from the ventral surface of the body, anterior to the fore limbs.

Carefully cut the connecting blood vessels, and remove the heart from the

body. Locate the lungs which you saw in a previous exercise and trace

each one to the thin walled tracheal cavity which lies just ventral to the

glottis, as noted in paragraph 3. Now remove the lungs, tracheal cavity,

and glottis, after having carefully cut around the glottis with the scissors,

and pin them out in a dissecting pan. With fine 'scissors, make a median

longitudinal cut through the ventral wall of each lung and continue each

cut into the tracheal cavity. Pin back the cut surfaces so as to expose the

interior of the various structures. Note : (a) the structure of the lungs

;

(6) the structure of the tracheal cavity, with (c) the pair of vocal cords

lying on each side. Draw to show the structure as observed.

5. Study a model of a median longitudinal section of a human head and

neck, showing the mouth, or buccal cavity, and the throat cavity, or

pharynx. Note that the mouth cavity is bounded dorsally by (a) a

bony partition (hard palate) which separates it from (6) the nasal

cavity above. The hard palate extends posteriorly and merges into

(c) the soft palate which partially separates the mouth cavity from the

pharynx. On each side the mouth cavity is enclosed by the cheeks and

by the jaws bearing teeth. Below, the mouth cavity is bounded by (d) the

thick muscular tongue. Note further that both the nasal cavity and the

buccal cavity open into the pharynx through which both the food and the

air pass. Then the trachea, protected by the epiglottis, branches off to

the lungs, and the esophagus continues to the stomach. (W. f. 109.)

1 B. pp. 189-192.
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ALIMENTARY CANAL AND ASSOCIATED ORGANS
OF THE FROG 1

1. Secure the specimen previously dissected. Cut off and discard the

portion of the lower jaw which lies anterior to the glottis. Next cut

through the mucous membrane lining the dorsal part of the mouth cavity,

just posterior to the openings of the Eustachian tubes. Be careful not to

disturb the underlying bony structures of the upper jaw. You have now

freed the anterior end of the esophagus from the body.

2. With your forceps, gently lift up the lower jaw with the attached

esophagus and then, beginning anteriorly, carefully cut all the mesenteries

which attach the alimentary canal to the body. Make a transverse cut

through the anterior end of the rectum. Now remove the entire alimen-

tary canal with the attached liver and pancreas from the body, taking

care not to disturb the underlying urogenital organs. Place the organs

which you have just removed in a dissecting pan and pin them out so as

to show to the best advantage. It may be necessary to cut some of the

mesenteries.

3. Examine the alimentary canal throughout its entire length. Identify

and note the structure of the (a) esophagus
; (6) stomach ; (c) pyloric

VALVE
;

(d) SMALL INTESTINE ;
(e) PANCREAS with the PANCREATIC DUCT,

which joins the bile duct from the gall bladder of the liver before the

latter opens into the small intestine ; and (/) the large intestine, which

merges into the cloaca. Draw to show the various structures as observed.

4. Examine, with the low and high power, a prepared transverse

section of Frog intestine. Note that it is composed of a number of

layers as follows : (a) the thin, outer covering (serosa)
;

(b) the mus-

cular layers consisting of an outer longitudinal layer and a thicker,

inner circular layer; (c) the connective tissue layer (submucosa),

and (d) the epithelial layer (mucosa) which is thrown into folds, and forms

the inner lining of the intestine. The mucosa consists of two types of

elongated epithelial cells, namely, the absorptive cells, and the secre-

tory cells, or unicellular glands. The latter type may be distin-

guished by the presence of a secreting area in each. Draw the section

in outline and fill in a portion to show the detailed structure of the various

layers.

i B. pp. 184-189.
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VASCULAR SYSTEM OF THE FROG 1

1. Secure a specimen, with the blood vessels injected, and fasten it

ventral surface up in a dissecting pan. Expose the heart and identify

the major divisions (auricles, ventricle, sinus venosus, conus ar-

teriosus). Trace the conus arteriosus leading from the ventricle and

note that, just anterior to the auricles of the heart, it divides into two

branches from each of which three arteries arise. Identify these arteries

arising from the right branch of the conus arteriosus as follows: (a) the

pulmocutaneous artery, which arises nearest the heart and runs to the

skin and lungs ; (6) the systemic arch which runs laterally and dorsally

and unites with the left systemic arch to form the large (c) dorsal aorta

noted in paragraph 2 below; (d) the common carotid artery which

shortly branches to form (e) an internal carotid and (/) an external

carotid. These vessels supply the entire head region with arterial blood.

2. Note the location of these same arteries as they arise from the left

branch of the conus arteriosus, and then trace the right and left systemic

arches laterally and dorsally to where they unite, posterior to the heart

and close to the dorsal body wall, to form the dorsal aorta. Just pre-

vious to their union each systemic arch gives rise to (a) the occipito-

vertebral artery which runs to the jaws, nasal region, and vertebral

column and (6) to the brachial artery running to the fore limbs and

nearby body wall.

3. Trace the dorsal aorta posteriorly, noting a number of important

branches which supply the alimentary canal and associated structures,

urogenital system and nearby body wall. Trace the aorta to the posterior

part of the abdominal cavity and note its division into the right and left

iliac arteries which, after branching to form several small vessels, con-

tinue posteriorly out of the body cavity and into each of the hind limbs.

4. Make a drawing to show the heart and the arterial system as ob-

served in the previous paragraphs.

5. It will not be profitable to trace the vessels of the venous system

which return the blood to the heart and which run parallel, in most cases,

to the vessels of the arterial system, but the complete course of the circu-

lation of the blood through the body should be understood and diagrammed.

6. Observe under the microscope the circulation of the blood as seen

in the living interdigital web of the Frog's foot. In a favorable area note

(a) the larger arterial vessels, with a comparatively rapid pulsating blood

flow which results from the change in pressure due to the contractions

of the ventricle ; (b) the tiny capillaries which form a connecting link

between the arteries and veins. Their diameter is, in many cases, sufficient

only to permit the passage of (c) the red blood corpuscles in single file.

The capillaries in turn connect with (d) the veins which carry the blood

in a slow-moving, regular-flowing stream towards the heart.

i B. pp. 192-201.
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HEART OF THE MAMMAL 1

1. Examine a Pig's heart and note that it is conical in form, with a

broad base and a narrow apex. Place it with the apex pointing toward you

and note the following external features : (a) the left ventricle, with

very thick, muscular walls, continuing to the tip of the apex; (b) the

right ventricle, with thinner walls, lying beside the left ventricle except

near the tip, which is entirely formed by the left ventricle ;
(c) the left

auricle ; and (d) the right auricle, both lying anterior to the ventricles.

Both of the auricles are smaller and have much thinner walls than the

ventricles, and each is provided with (e) an ear-like flap of tissue (auricu-

lar appendage).

2. Explore the cavity 2 of the left auricle, noting (a) the openings of the

pulmonary veins, and (6) the opening into the left ventricle.

3. Explore the cavity of the left ventricle, noting : (a) the very heavy,

muscular walls
;

(b) the mitral valve, guarding the opening from the

auricle, the edges of which are attached to (c) elevations (papillary

muscles) of the muscular walls of the ventricle by a number of (d) fine

tendinous cords (chordae tendineae). Feel with your finger and find

(e) the opening into the aorta. Study the aorta, noting (/) its heavy,

elastic walls; (g) the semilunar valves; and (h) the opening of the

coronary artery just beyond the valves.

4. Explore the cavity of the right auricle, noting (a) the large openings

from the venae cavae ;
(b) the small opening of the coronary vein just

posterior to the former ; and (c) the opening into the right ventricle.

5. Explore the cavity of the right ventricle, noting (a) the thinness of

the walls as compared with the left ventricle ;
(b) the tricuspid valve

which shows the same structure as the mitral valve. Find the opening into

(c) the pulmonary artery, which contains (d) semilunar valves, the

same as in the aorta.

6. Make a drawing of the heart from the left side, showing as many as

possible of the observed structures.

» B. pp. 193-194.
2 The various chambers of the heart should be opened by making a longitudinal

incision through the walls.
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VERTEBRATE KIDNEY 1

1. Examine half of a Pig's kidney. Observe that it is somewhat bean-

shaped in outline, with a marked depression (hilus) on one edge, in which

region the ureter arises. Examine the cut surface of your specimen and

note that three regions of the kidney can be distinguished as follows:

(a) an outer, darker area (cortex) containing great numbers of the mi-

croscopic, functional elements (Malpighian bodies)
; (6) an inner,

striated medullary portion (medulla) containing the uriniferous

tubules, and (c) the pelvis, which is really the expanded end of the

ureter. The uriniferous tubules of the medulla open into the pelvis at

the tips of the conical-shaped projections (pyramids of Malpighi), and

the latter are separated from each other by prolongations of the cortex

into the pelvis. Make a drawing of the cut surface of the kidney to show

the structure as observed.

2. Examine, with the low and the high power, a prepared section of a

Frog's kidney and note the general arrangement, consisting of a compara-

tively thin area on one side which contains a number of rounded Mal-

pighian bodies, and a thicker area filled with the uriniferous tubules

which have been sectioned in various planes. Make a drawing to show

the general arrangement.

3. Select a single Malpighian body and focus on it with high power. It

consists of (a) a spherical knot of fine blood vessels (glomerulus) con-

taining numerous red blood corpuscles which appear yellow in the prepara-

tion, and (b) a definite, surrounding membrane (Bowman's capsule)

which is essentially the enlarged and highly differentiated end of a uri-

niferous tubule. Focus on a portion of one of the uriniferous tubules

and note the cellular wall and central lumen. Make a drawing of a

Malpighian body and of a portion of a uriniferous tubule.

» B. pp. 201-204.
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UROGENITAL SYSTEM OF THE FROG 1

1. Pin the specimen 2 — from which you have previously removed the

alimentary canal and associated organs— in a dissecting pan, ventral sur-

face up as before. Carefully cut through the bony pelvis in the median
line and thus completely expose the cloaca, into which the rectum and the

ducts from the urinary and genital organs empty, and, on the ventral sur-

face of which, the thin-walled, bilobed bladder opens.

2. Female Frog. In the spring, the right and left ovaries become
greatly distended and fill a large portion of the body cavity. Separate the

ovaries and push them to either side so that the other organs may be seen

to advantage. Note : (a) a pair of reddish, flattened, oval-shaped kid-

neys, close to the dorsal body wall
;

(b) a pair of elongated, orange-colored

adrenal bodies, one lying on the ventral surface of each kidney
; (c) a

pair of yellowish fat bodies with long finger-like processes
; (d) a pair of

long, coiled oviducts which open anteriorly into the body cavity near the

base of each lung. Posteriorly, before opening into the cloaca, each of the

oviducts enlarges to form (e) a thin-walled uterus. Examine the outer

margin of the kidneys and find on each (/) a ureter, which can be traced

posteriorly to its opening in the cloaca. Note also the blood vessels

which supply the kidneys. Make an enlarged drawing to show the struc-

tures observed.

3. Male Frog. Locate and examine the following parts of the male

urogenital system : (a) a pair of reddish, flattened, oval-shaped kidneys,

close to the dorsal body wall ; (b) a pair of white testes attached to the

kidneys by a number of fine ducts (vasa efferentia)
;

(c) a pair of elon-

gated, orange-colored adrenal bodies, one lying on the ventral surface of

each kidney; (d) a pair of yellowish fat bodies with long finger-like

processes; (e) in many specimens a pair of small, coiled rudimentary

oviducts are to be found situated laterally to the kidneys. Examine the

outer margin of the kidneys and find (f) the urogenital canals, each

of which can be traced posteriorly to its opening in the cloaca. Note also

the blood vessels attached to the kidneys. Make an enlarged drawing to

show the structures observed.
1 B. pp. 204-206.
2 Better results will be obtained by using a fresh specimen for this exercise
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SPINAL NERVES OF THE FROG 1

1. Pin your specimen in the dissecting pan as before. Remove any of

the viscera which may be present in the body cavity. Examine the dor-

sal wall of the body cavity and note the paired spinal nerves which

may be seen as small, white cords running laterally from either side of

the vertebral column. They arise in the spinal cord and emerge from

between the vertebrae through the light-colored calcareous rodies.

2. Beginning at the anterior end, identify and trace the ten pairs of

spinal nerves as follows

:

(1) A small pair which emerges from between the first and second verte-

brae just anterior to the fore limbs, usually giving off a small branch to

the second nerve before continuing laterally into the muscles.

(2) A large pair which supplies the fore limbs after usually having

received branches from the first and third pairs. This union forms the

RRACHIAL PLEXUS.

(3) A small pair which, after giving off a branch to the second pair for

the brachial plexus, can be traced laterally into the muscles.

(4), (5), and (6) are small pairs which can be traced into the muscles of

the body wall.

(7), (8), and (9) are larger pairs which run almost directly posteriorly

and anastomose to form the sciatic plexus, from which arises the large

sciatic nerve. By careful dissection, follow the sciatic nerve from the

plexus down through the leg, noting the various branches which are given

off. Note also a branch of the seventh nerve, which is given off anterior

to the sciatic plexus.

(10) A small pair, each of which emerges from openings near the ante-

rior end of the urostyle and supplies chiefly the urogenital organs.

3. Note the two small, ganglionated chains of the autonomic nervous

system ; one lying on either side of the mid-dorsal line. Note the attach-

ment by a fine nerve fiber to each of the spinal nerves.

4. Make a drawing to show the location and course of the spinal nerves

and the autonomic chains.

iB. pp. 213-215.
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CENTRAL NERVOUS SYSTEM OF THE FROG ' (1)

1. Secure your dissected Frog and carefully remove the skin from all

parts of the body. Fasten the specimen, dorsal surface up, in a dissecting

pan and then with a sharp, pointed scalpel, pick off, bit by bit, the bony

roof of the skull in the region between the eyes, taking great care not to

injure the brain underneath by inserting the scalpel too deeply. Small

pieces of the bone may also be snipped off with the tips of the scissors.

Continue the area of dissection anteriorly to the nasal region and poste-

riorly to the end of the skull, thus entirely exposing the dorsal surface

of the brain. Note that it is covered by a thin pigmented membrane

(dura mater) which should be carefully removed with fine forceps.

2. Examine the brain from the dorsal surface and, beginning at the

anterior end, note the following parts : (a) the fused olfactory lores,

from which the olfactory nerves may be seen extending anteriorly to

the nasal region ; (6) the pair of cererral hemispheres which merge an-

teriorly into the olfactory lobes
;

(c) an unpaired portion (diencephalon)

bearing (d) a small, median structure (pineal rody)
;

(e) a pair of egg-

shaped optic lores, back of which is (/) a transverse elevation (cererel-

lum), and, posterior to the cerebellum, (g) the medulla orlongata,

which appears as the enlarged anterior end of the spinal cord and contains

(h) a triangular depression, the fourth ventricle. The fore-rrain

consists of the olfactory lobes, cerebral hemispheres, and diencephalon

;

the mid-rrain, as seen from the dorsal surface, of the optic lobes ; and

the hind-rrain, of the cerebellum and medulla oblongata.

3. Make a drawing at least twice natural size to show the dorsal surface

of the brain in its normal position.

» B. pp. 206-213.
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CENTRAL NERVOUS SYSTEM OF THE FROG x
(2)

1. Continue the dissection of the central nervous system by very care-

fully removing, with the tips of the scissors, the bony, dorsal arches of all

the vertebrae, thus exposing the spinal cord throughout its entire length.

2. The brain and spinal cord should now be removed from the animal.

In order to do this it will be necessary to cut the cranial and spinal nerves

which run from the central nervous system to the various regions of the

body. Begin at the anterior end of the brain and cut the olfactory nerves

first. Then carefully raise the anterior end of the brain, note the large

optic nerves on the ventral surface anterior to the optic lobes, and cut

them. Continue posteriorly in this manner, and when the entire central

nervous system is free, remove it and place in a small dish of water for

further study.

3. Study the ventral surface of the brain under the dissecting micro-

scope and locate the regions of the fore-brain, mid-brain, and hind-brain.

Note: (a) the origin of the olfactory nerves; (b) the origin of the

optic nerves and the crossing of the fibers of each in the mid-ventral

line under the optic lobes, to form (c) the optic chiasma ; (d) the heart-

shaped infundibulum which lies underneath the optic chiasma, and

(e) the hypophysis lying posterior to the infundibulum. The latter is fre-

quently detached from the brain when removing it from the brain case.

The infundibulum and hypophysis constitute the pituitary body— an

important endocrine organ.

4. Study the spinal cord and note : (a) the enlargement in the brachial

region where the nerve supply of the fore limbs arises ;
(b) the enlarge-

ment in the pelvic region where the nerve supply of the hind limbs arises

;

and (c) the small terminal portion (filum terminale).

5. Make a drawing of the ventral surface of the brain and spinal cord

at least twice natural size, showing all the structures observed.

i B. pp. 206-213.
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BRAIN OF THE MAMMAL 1

1. Examine the dorsal surface of a Sheep's brain. Note the large

anterior cerebrum, which consists of a right and left cerebral hemi-

sphere. Posterior to the latter is the median, unpaired cerebellum,

lying above the medulla which merges into the spinal cord. The

brain is enclosed in three membranes : (a) the dura mater, which lines

the interior of the skull ;
(b) the arachnoid, which is the membrane you

see, and (c) the pia mater, which lies below the arachnoid and is very

closely applied to the brain tissue. Note that the outer surface of the

cerebrum (cerebral cortex) is arranged in ridges (gyri), between

which are depressions (sulci) of varying depths.

2. Examine the ventral surface of your specimen. Note: (a) the

cerebral hemispheres; (6) the olfactory lobes (often destroyed in

removing the brain from the skull), from each of which (c) olfactory

nerve fibers arise ;
(d) the optic chiasma, from which (e) the optic nerves

arise
; (/) the pituitary body, under and posterior to the optic chiasma,

and lying on (g) the thickened, ventral wall (crura cerebri) of the mid-

brain ;
(h) the prominent, transverse band of fibers (pons varolii) with

(0 a root of the important fifth cranial nerve (trigeminal) arising just

posterior and on each side; 0") the eighth cranial nerves (auditory)

which arise close to the ventral edge of the cerebellum just posterior to

the fifth cranial nerve. Make a drawing from the ventral surface to show

the structures as observed.

3. Examine the cut surface of a brain which has been sectioned in a

median longitudinal plane. Note the general arrangement and the large

cerebral hemisphere which lies anterior and dorsal to the mid-brain.

Identify the following structures in addition to those noted above : (a) the

corpus callosum, which consists of a fibrous plate connecting the two

cerebral hemispheres; (6) the corpora quadrigemina, which lie just

anterior to the cerebellum and constitute the dorsal wall of the mid-brain

;

(c) the small spherical pineal body lying in an indentation anterior to

the corpora quadrigemina ; and (d) the cavity (fourth ventricle) in the

medulla, lying underneath the cerebellum.

4. Make a drawing of the half-brain from the cut surface, showing as

many as possible of the structures which you have found in the preceding

paragraphs.
iB. pp. 209 211 ;

220-221.
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HISTOLOGY OF NERVE TISSUE 1

1. Examine, with the low and with the high power, a prepared trans-

verse section through the spinal cord of the Frog or other Vertebrate.

Note : (a) the thin, outer covering (dura mater) ; (6) the rather shallow

indentation on the dorsal side (dorsal fissure) ;
(c) the deeper indenta-

tion on the ventral side (ventral fissure) ;
(rf) the outer layer (white

matter) largely composed of nerve fibers, and less compact than (e) the

inner material of the cord (gray matter) which contains (/) a large num-

ber of nerve cells, or neurons. In the center of the cord is (g) the small

cavity (central canal) which runs the entire length of the spinal cord.

If the section happens to pass through a spinal nerve, the (h) dorsal

and ventral roots may be seen connected with the gray matter. Make

a drawing of the section to show the structures as observed.

2. Using the high power, focus directly on the large, irregularly shaped

motor nerve cells in the ventral portion of the gray matter on either

side of the cord. Note the large nucleus in each cell and the firril-

lated cytoplasm. Try to find a nerve cell which has been sectioned so

that it shows the long nerve process (axon) leading from it. Draw one

of the motor nerve cells, showing all details of structure as observed.

3. Secure a small piece of a fresh nerve taken from an anaesthetized

Frog, place it on a slide in a drop or two of normal salt solution, and tear

it apart with dissecting needles. Mount and examine under the micro-

scope. Note that the nerve is composed of a number of fine, thread-

like fibers, each of which consists of (a) a delicate, external membrane

(neurilemma), (6) a thicker insulating layer (medullary sheath), and

(c) the central nerve fiber, or axon, which, as noted above, is a direct

continuation of the cytoplasm of a nerve cell. At intervals along each

fiber, there are breaks in the medullary sheath (nodes of ranvier), but

the neurilemma and the axon are continuous. Draw to show the struc-

ture as observed.
iB. pp. 214-215.
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VERTEBRATE EYE 1

1. Place a dissecting microscope on its side in front of you and turn the

mirror in such a position that you can examine your own eye. Make a

drawing, showing (a) the eyelids
; (6) the white of the eye (sclerotic

coat) which in front forms (c) the transparent cornea ; (d) the under-

lying colored portion (iris) with (e) a circular, central opening (pupil).

2. Examine the eye of a Pig or Sheep, which has been removed from

its orbit. Note : (a) the shape
; (6) the character of the outer, protective

covering (sclerotic coat)
;

(c) the attachment of the muscles ; and

(rf) the optic nerve.

3. For details of the internal anatomy, examine an eye which has been

cut in half and find the following structures : (a) the sclerotic coat, a

comparatively thick layer of connective tissue, which, in the front of the

eye, forms (6) the transparent cornea; (c) the choroid coat, a thin,

deeply pigmented, vascular layer which, in the front of the eye, forms

(d) the colored iris, in the center of which is (e) the circular opening

(pupil)
; (/) the transparent lens, which lies just posterior to the iris

;

and (g) the sensory layer, or retina, which is directly continuous with

(h) the optic nerve, running from the posterior part of the eye to the

brain.

4. Note the following chambers of the eye : (a) the anterior chamber,

situated between the cornea and iris
;

(b) the small posterior chamber,

situated betwen the iris and lens and communicating with the anterior

chamber through the pupil ; and (c) the large vitreous chamber poste-

rior to the lens, in which the retina lies. The vitreous chamber is filled

with a transparent, jelly-like material (vitreous humor). The two

chambers in front contain a more fluid substance (aqueous humor).

5. Make a drawing, about three inches in diameter, showing the struc-

tures as observed.
i B. pp. 215-220.
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SPERMATOGENESIS l

1. Examine, with the low and the high power, a prepared section of

mouse testis. Note that it consists of a great number of tubules (semi-

niferous tubules) in the walls of which the sperm cells develop. The

tubules are greatly convoluted, and consequently, in the preparation,

they are sectioned in various planes. At one side of the testis a section

of the epididymis may be seen. This is the conducting tube that carries

the mature sperm from the testis. It corresponds, in general, to the vasa

efferentia of the Frog testis (as noted on page 339). Draw the entire

testis in outline and fill in a portion with careful detail.

2. Select a seminiferous tubule which has been sectioned approxi-

mately transversely and study with the high power. Note the arrange-

ment, size, and structure of the spermatogonia, spermatocytes, sper-

matids, and mature sperm. Draw the entire tubule in outline and fill

in a portion, showing, with careful detail, the germinal cells in various

stages of maturation.

3. Examine the epididymis under high power. Note that the tubules

are filled with mature sperm. Draw a tubule to show the structure as

observed.
i B. pp. 204-205.
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OOGENESIS J

1. Examine a fresh ovary of a pig and note the numerous more or less

transparent prominences (Graafian follicles) of various sizes in which

the egg cells develop. The more mature follicles are larger and more

transparent. Note also the hard, yellowish substance (corpora lutea)

with which the cavity of a follicle is filled after the mature egg has been

discharged. Make an enlarged drawing of the entire ovary to show the

structure as observed.

2. Examine, with the low power, a prepared section of a mouse ovary.

Note the outer covering (germinal epithelium) in which the eggs are

first formed and from which they move into the body of the ovary, where

they become surrounded by follicle cells, and thus form the Graafian

follicles. The latter can be seen in various stages of development. In

the immature follicles the large central egg is closely surrounded by sev-

eral layers of the follicle cells. In the larger, more mature follicles, a

liquid-filled cavity develops around the egg. In close contact to the egg

are a few layers of the follicle cells which also support it at one point.

Areas of the yellowish corpora lutea can also be seen in the preparation.

The ground substance of the ovary consists of connective tissue with the

numerous cells and blood vessels embedded in it. Draw the entire ovary

in outline and fill in a portion to show the structure as observed.

3. Select the most mature follicle containing an egg with nucleus which

your preparation shows. Study it carefully with the high power and

draw the entire follicle in detail.

1 B. pp. 205-206.
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FERTILIZATION AND MITOSIS 1

1. Examine, with the low and the high power, a prepared transverse

section of the uterus of Ascaris. Note the heavy uterine wall and the

central lumen containing many thick-shelled eggs which are in various

stages of mitosis. Draw the entire section of the uterus in outline and

then fill in a sector to show the details.

2. Study the preparation with the high power. Identify eggs in the

following stages of fertilization and mitosis and make a drawing of each

stage about two inches in diameter

:

(a) Contact and fusion of the male and female gametic nuclei,

which constitutes the essential feature of fertilization, and is followed

by the various stages of mitosis.

(6) Early prophase, with the chromatin in each gametic nucleus in

the form of a long thread (spireme), and the centrosomes at opposite poles

of the fusion nucleus (synkaryon).

(c) Late prophase, with the chromatin in the form of definite chro-

mosomes, the nuclear membranes broken down, and the spindle well-

developed.

(d) Metaphase, with the chromosomes divided in the equatorial

plate; or the slightly later anaphase, with the chromosomes leaving

the equatorial plate and moving along the spindle fibers toward the cen-

trosomes.

(e) Telophase, with the spindle breaking down and the cytoplasm of

the cell dividing to form two cells.

Label in each of the above stages where present : egg shell, cyto-

plasm, CENTROSOMES, ASTERS, SPINDLE FIRERS, and CHROMATIN, Or

CHROMOSOMES.

3. The process of mitosis may also be studied in permanent prepara-

tions of the Onion root tip (page 247) which have been properly stained.

Study the stages corresponding to those described under (6), (c), (d), and

(e) of the preceding paragraph and make a series of drawings which will

show all details of the process which you have been able to observe.

i B. pp. 222-223.
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DEVELOPMENT OF THE FROG 1
(1)

1. Place an unsegmented Frog's egg in a watch glass containing water

and examine it with both the dissecting microscope and the low power

of the compound microscope. Note that the egg is enclosed in a trans-

parent jelly, and that it consists of a dark-colored portion (animal

pole), which tends to lie uppermost in the water, and a lighter-colored

portion (vegetal pole). Make a drawing of the egg from the side, one

inch in diameter, so as to show both poles and the surrounding layer of

jelly.

2. Examine, in the same way, the following cleavage stages of Frog's

eggs : 2-4 cells, 8 cells, 20-30 cells, and many cells, or blastula.

Note in each stage the direction of the cleavage planes and the compara-

tive size of the cells in the animal and vegetal poles. Make a drawing of

each stage from the side, omitting the jelly.

3. Examine, as before, a Frog's egg in which the growth of the dark

cells of the animal pole over the light cells of the vegetal pole has begun

(gastrula). As this process of gastrulation continues, the circular area

(blastopore) at the vegetal pole becomes smaller. Finally, when gas-

trulation is complete, the blastopore is very small, and only a tiny por-

tion of the cells of the vegetal pole is visible externally, which is known
as the yolk plug. Draw the gastrula from the vegetal pole, showing

the yolk plug.
1 B. pp. 222-225.
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DEVELOPMENT OF THE FROG 1
(2)

4. Examine, in a watch glass of water as before, a later stage in the

development of the Frog in which the body of the animal has begun to

elongate in an anteroposterior direction. Note that the blastopore,

which was circular, has now become a slit-like opening which marks the

posterior end of the embryo. Note also the dorsal, longitudinal groove

(neural groove) which indicates the position of the future central

nervous system. Draw the embryo from the posterior end.

5. Examine, as before, still later developmental stages as follows:

(a) an embryo in which the head and tail have just become differenti-

ated; (6) an embryo with well-developed external gills; (c) a fully

formed, free-swimming tadpole, in which the external gills have become

covered by the operculum, leaving only a small opening (spiracle) on

the left side of the animal in the gill region
;

(d) an embryo in an early

stage of metamorphosis, showing a single pair of small hind legs, and

(e) an embryo in a late stage of metamorphosis, with both pairs of legs

present and the tail in process of absorption. Draw each of these em-

bryos from the left side and label in each stage, where developed : nose,

EYE, MOUTH, SUCKER, GILLS, OPERCULUM, MUSCLE PLATES, BLASTOPORE,

anus, and tail.
» B. pp. 225-232.
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DEVELOPMENT OF THE CHICK 1
(1)

1. Examine, with the dissecting microscope and with the low power of

the compound microscope, a permanently mounted three-day Chick

embryo. Note that the general shape resembles a 'reversed question-

mark' with the head end turned toward the right. Anteriorly, the em-

bryo is lying on its left side and, posteriorly, on its ventral surface. On
each side of the embryo, note the vascular area with the large vessels

(vitelline arteries and vitelline veins) which enter the embryo near

the middle of the body.

2. Beginning at the posterior end of the body, identify the median

spinal cord, and on each side of it the segmental, paired, muscle plates

(myotomes). Ascertain the number in your specimen. Find the amnion

which later completely encloses the embryo, but at this stage covers only

the anterior portion of the embryo and ends somewhat posterior to the

region where the vitelline vessels enter the body.

3. Study the anterior end of the embryo and locate: (a) the fore-

brain, with the rudiments of the eye and nose
; (6) the large, rather

spherical mid-brain, and, to the left, (c) the smaller hind-brain, with a

large, dorsal depression (fourth ventricle), (d) The rudiment of the

right ear is situated near the posterior end of the hind-brain, and appears

as a small, pear-shaped vesicle, (e) The twisted, S-shaped heart lies

outside the body wall in the space between the tip of the head and the

curved portion of the trunk. It consists at this stage of (/) a large poste-

rior ventricle, into which (g) the auricle opens. A portion of the

auricle can be seen to the left. Leading from the ventricle, anteriorly,

is (h) the conus arteriosus. It soon divides to form a number of bran-

chial vessels which run dorsally between (i) the gill slits to form a

portion of the aortic arches.

4. Make a full page drawing of the entire embryo to show the structures

as observed.
i B. pp. 232-238.
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DEVELOPMENT OF THE CHICK (2)

1. Place an egg, which has been incubated three days, in a finger-bowl

of warm (about 39° C.) normal salt solution. Turn the blunt end of the

egg to your right and hold it, fully submerged, with one hand, and,

with the other, carefully insert the point of the scissors in the center of

the blunt end. Be very careful to use only the extreme tips of the scissors

in cutting the shell. While holding the egg in the same position continue

the cut entirely around the egg a little below the equator, and then lift

off the upper portion of the shell, leaving the rest of the egg, including

the lower portion of the shell, with the embryo, immersed in the salt

solution.

2. Examine, with the dissecting microscope, the translucent embryo

lying on the yolk in the center of the vascular area, noting how it is

placed with reference to the long axis of the egg. Note the beating

heart, the vitelline arteries and veins which pass out to the side

from the middle of the embryo, and the anterior vitelline vein which

runs under the anterior portion of the embryo. Determine the pulse

rate. Make a drawing of the entire specimen, with the embryo in

place, to show the structures observed.

3. Carefully make a circular cut, with small scissors, through the egg

membrane, just outside the limit of the vascular area. With fine for-

ceps take hold of an edge of the detached area and very gently separate it

and the attached embryo, from the underlying yolk. Hold the detached

portion with the forceps below the surface of the liquid, and with the

other hand immerse a watch glass in the liquid. Carefully float the em-

bryo into the watch glass, keeping it at all times below the surface of the

liquid. Gently raise the watch glass, with the embryo floating in it, and

remove entirely from the finger-bowl, taking great care not to lose the

embryo. With a pipet draw off a considerable portion of the fluid around

the embryo, and replace with a fresh supply of warm salt solution.

4. Examine the embryo with the dissecting microscope, and identify

the structures which you previously noted in the permanent preparation

of the three-day chick embryo. Under the low power of the compound

microscope observe the movement of the red blood corpuscles in the

blood vessels. Add warm salt solution from time to time and note the

effect upon the pulse rate.
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Abdomen, Bee, 127; Crayfish, 100;

Grasshopper, 117; Insects, 113

Abdominal appendages, Crayfish,

male, 102 ; Crayfish, female, 102

Abdominal cavity, 182

Abdominal vein, 195

Accretion, 14

Acetabulum, 180

Acromegaly, 207

Actinophrys, 21

Actinopoda, 27

Actions, reflex, 97, 221

Adaptation, 15, 57, 67 ; Amoeba, 26

;

Euglena, 32 ; Paramecium, 46

Adaptive mimicry, 115

Adaptive radiation, 160

Adipose tissue, 173

Adrenals, 207

Adrenin, 207
Air sacs, 119, 129

Albumen, Hen's egg, 233

Algae, 11, 23, 34

Alimentary canal, Bee, 128; Clam,

142; Crayfish, 104; Earthworm,
85; Frog, 184; Grasshopper, 118;

Man, 187

Alternation of generations, Obelia,

68, 72

Alveoli, teeth, 178

Amaroucium, 141

Amblysloma, 151

Ambulacral grooves, 75

Ammocoetes, 154

Amnion, 235
Amniotic cavity, 235

Amoeba, description, 19-28 ; lab-

oratory, 257 ; life processes, 22-26

;

structure, 19-22

Amoebocytes, 78

Amoeboid movement, 16, 20

Amphibia, 157

Amphioxus, 152

Ampulla, 77

Amylopsin, 188

Anabolism, 8, 13 (see Life processes)

Anal opening, Clam, 143; Earth-

worm, 87 ; Frog embryo, 225, 227

Anal spot, Paramecium, 42, 43 ; Vor-

ticella, 50

Angulo-splenial bones, 176

Animal pole, Frog's egg, 222

Animals, hermaphroditic, Earth-

worm, 92 ; Hydra, 64

Annelida, 81, 83 ; vs. Arthropoda, 99

Anodonta, 139

Antenna cleaner, 126

Antenna comb, 126

Antennae, Bee, 124, 134; Crayfish,

103, 108

Antennules, Crayfish, 103, 111

Anterior chamber, eye, 220

Anthropoidea, 163

Antibody, 200

Ants, polymorphism, 137

Anura (see Salientia)

Aorta, Clam, 143 ; Frog, 195

Aortic loops, 88-90

Appendages, Bee, 123-128 ; Cray-
fish, 100-104; homologous, 99;

pentadactyl, 157, 160, 179, 181

(see Legs, Limbs)
Appendicular skeleton, 179

Appendix, man, 187

Aqueous humor, 220
Arcella, 27

Arch, neural, 178

Arm, Frog, 180

Arteries, Clam, 143 ; Crayfish, 105,

106 ; Frog, 192, 195 (see Vascular

system)

Artery, umbilical, 238
Arthrobranchiae, 107

Arthropoda, 99, 113, 114

Articulating processes, 179

Assimilation, 22

Astacus, gills, 107

Ateleura, 137

Auditory capsule, 217

Auditory organs, Crayfish, 111;

Frog, 217

Auditory ossicles, 217

Auricle, Bee leg, 127
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Auricles, Clam, 144 ; Frog, 193

Autonomic nervous system, 208, 215

Autotomy, 103

Aves, 159

Axial filament, 49

Axial skeleton, 175

Axone, 96, 214

Axolotl, 151

B

Bacteria, description, 12, 13 ; labora-

tory, 253

Balanoglossus (see Dolichoglossus)

Basal disc, Hydra, 58, 60, 67

Basipodite, 100

Basitarsus, 126

Bats, 161

Bee, description, 123-136; labora-

tory, 299-301 ; organ systems, 128-

134; structure, 123-128

Bell-animalcule (see Vorticella)

Bilateral symmetry, 81, 154

Bile, 189

Bile duct, 183, 186

Binary fission, 25, 31, 44, 45, 50, 64

Binomial system, nomenclature, 27

Biology, 3

Biramous appendage, 100

Birds, 159 ; reproductive organs, 232

Birth, 160, 236

Bivalves, 139

Bivium, 75

Bladder, Clam, 146 ; Frog, 203

Blastocoel, Frog, 224 ; Chick, 234

Blastoderm, 233, 234

Blastopore, 226

Blastostyle, 69

Blastula, Earthworm, 94 ; Frog, 224,

Chick, 234 ; Hydra, 66 ; Mammal,
237

Blind spot, 220

Blood, 62; Bee, 130; Clam, 143;

Crayfish, 105; Earthworm, 88;

Frog, 192 ; Vertebrates, 153

Blood, clotting, 201

Blood corpuscles, 88, 193

Blood spaces, Crayfish (see Sinuses)

Blood vessels, Bee, 129 ; Clam, 143 ;

Crayfish, 105; Earthworm, 88;

Frog, 192

Body wall, Earthworm, 84; Frog,

182

Bombyx mori, 138

Bone tissue, 174

Bones, Fore limb, 180; hind limb,

180 ; skull, 175 ; vertebral column,

178

Botany, 3

Bowman's capsule, 202

Brachial, arteries, 195 ; plexus, 213

;

veins, 194

Brain, Bee, 133; Crayfish, 110;

Earthworm, 95; Frog, 209, 226;

Grasshopper, 123 ; Mammals, 210

;

Sheep, laboratory, 347

Branchiae, 75, 78 ; Crayfish (see

Gills)

Branchial chamber (see Gill chamber)
Branchial vessels, Clam, 144; Cray-

fish, 107, 108

Branchio-cardiac canals, Crayfish,

107

Branchiostoma,, 152

Breathing, 189, 191

Brittle Star, 53

Brontosaurus, 158, 177

Brood pouch, 146

Brow spot, 165

Brownian movement, 16 ; laboratory,

255
Bryophyta, 11

Buccal cavity, Frog, 185

Bud, of Hydra, 63, 64

Buds, medusa, 69

Burrows, 86

Caecum, 76, 78, 118, 187

Calcar, 181

Cambarus, gills, 107

Canal, neural, 178

Canaliculi, 174

Canals, Grantia, 54; semicircular,

218
Canine teeth, 178

Capillaries, Crayfish, 108; Earth-

worm, 90 ; Frog, 192, 197

Capsule, auditory, 176; stinging,

60

Carapace, 99

Carbohydrate, synthesis of, 10

Carbohydrates, 9, 188, 189, 198

Cardiac chamber, stomach, 104

Carnivora, 161
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Carotid arteries, 195

Carpal bones, 180

Cartilage, 174 ; bone, 174 ; Meckel's,

176

Caudata, 157

Cell, 3-17

Cell division, 14 ; Amoeba, 25 ; Bi-

nary fission, 25 ; Euglena, 31 ; Mi-

totic, laboratory, 357 ; Parame-
cium, 44; Vorticella, 50 (see

Cleavage, Mitosis)

Cell groups, Pleurococcus, 11

Cell sap, 5

Cell vacuole, 5

Cells, absorptive, 86; basal, 216

blood, 88, 193; bone, 174; cili-

ated, 17, 143, 145 ; cnidoblasts, 60

connective tissue, 172 ; endoderm
58, 86; epidermal, 84; epithelial

167 ; epithelio-muscular, 60, 61

fibroblasts, 173 ;
germinal, 64

204, 205, 222, 232, 236 ;
gland, 86

interstitial, 60, 61, 216; muscle

17, 171 ; nerve, 58, 61, 70, 96, 214

nerve, motor, 61, 97; nerve, sen

sory, 61, 97, 215; olfactory, 216

osteoblasts, 174

Cellular organization, 3

Cellulose, 6, 150

Central canal, 210, 211

Central nervous system (see Nervous
system)

Centrosome, 5 ; of sperm, 205

Centrum, 178

Cephalochordata, 152

Cephalothorax, Crayfish, 99

Cerebellum, 209
Cerebral commissure, 147

Cerebral ganglion, Crayfish, 110;

Earthworm, 95 ; Grasshopper, 123 ;

Honey Bee, 133

Cerebral hemispheres, 209

Cerebro-pedal connective, 147

Cerebro-pleural ganglia, 147

Cerebro-visceral connective, 148

Cerebrum, 209

Cetacea, 162

Chaetodon, 53

Chambers, of eye, 220

Chela, 102

Chiasma, optic, 210, 211

Chick, development, 232-236; lab-

oratory, 363-365

Chiroptera, 161

Chloragogen layer, 86
Chlorella vulgaris, 62

Chlorohydra, 62

Chlorophyll, 9-11, 30

Chloroplastids, 5 ; movements, in

Elodea, 12; Pleurococcus, 11;

Spirogyra, 11 ; Volvox, 36

Choanocytes, 54

Chordata, 149-152; Cephalochordata,

152 ; Hemichordata, 150 ; Urochor-

data, 150 ; Vertebrata, 152

Choroid layer, 219
Chromatin, 6, 14

Chromatophores, Euglena, 30

Chromosomes, 6

Cilia, 16; gills, Clam, 145; Para-

mecium, 39, 40, 42, 43 ; Vorticella,

48, 49

Ciliary muscles, 220
Ciliates, 41 (see Infusoria, Parame-

cium, Vorticella)

Ciona, 141

Circular canal, 70

Circular muscles, 85, 86

Circulation, coelomic, 90 (see Vas-

cular system)

Circulatory system (see Vascular

system)

Circumpharyngeal connectives, 95

Clam, description of, 139-148 ; labo-

ratory, 305 ; organ systems, 140 ;

structure, 139

Class, 27

Classification, basis of, 26

Clavicle, 180

Cleavage, of egg, Earthworm, 94

;

Frog, 222 ; Hen, 233 ; holoblastic,

224, 233, 237; Mammal, 237;

meroblastic, 233 (see Cell division,

Mitosis)

Clitellum, 82, 93
Cloaca, 184, 202

Cnidocil, 60

Cocci, 13

Coccyx, 178
Cochlea, 218
Cocoon, Bee, 132 ; Silk Worm, 138

Coelenterates, Hydra, 58; Obelia,

68

Coelom, Clam, 139, 146 ; Earthworm,
84; Frog, 182, 229; Starfish, 76

Coenosarc, 68, 69, 71
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Colloid, 7

Colloid substance, 207
Colon, 187

Colony, Bee, 123 ; Volvox, 34

Coloration, protective, 166

Colorless plants (see Bacteria, Fungi,

Mold, Yeast)

Columella, 217

Condyles, occipital, 175

Cones, of eye, 219

Conjugation, anisogamous, 51 ; isog-

amous, 51 ; Paramecium, 45 ; Vor-

ticella, 51

Connective tissues, description, 172-

175; laboratory, 319
Contractile elements, Higher Ani-

mals, 17, 48, 49 ; Vorticella, 48, 49

(see Muscle tissue)

Contractile vacuole, Amoeba, 20, 24

;

Euglena, 30 ; Paramecium, 42

;

Volvox, 36 ; Vorticella, 50

Contraction, muscular, 171

Conus arteriosus, 195, 197

Coordination, of animals, 220 ; Earth-

worm, 97 ; Frog, 220 ; Hydra, 61

;

Obelia, 71 ; Paramecium, 47

Coracoid, 180

Corals, 53

Cornea, 218
Corpuscles, blood, 88, 193; tactile,

216
Corti, organ of, 218

Coxa, 116, 126

Coxopodite, 100

Cranial nerves, 211

Cranium, 175

Crayfish, description of, 99-112;

laboratory, 287-293 ; appendages,
100-104; organ systems, 104-112;

structure, 99, 100
Crocodiles, 158

Crop, Bee, 128 ; Earthworm, 85

Crura cerebri, 210
Crustacea, 112

Cutaneous artery, 195
Cuticle, 84
Cyclosis, 16 ; Paramecium, 42 ; Vor-

ticella, 50
Cyclostomata, 154
Cyst, Euglena, 32
Cytoplasm, 5 ; Amoeba, 19 (see

Ectoplasm, Endoplasm, Proto-
plasm)

Decay, bacteria, 13

Degeneration, Frog's tail, 230
Dendrites, 214
Dental formula, teeth, 178

Dentary bones, 176

Dentine, teeth, 178

Development, Chick, 232-236 ; Chick,
laboratory, 363, 365 ; Clam, 147

;

Crayfish, 109; Frog, 222-232;
Frog, laboratory, 359, 361 ; Grass-

hopper, 122; Honey Bee, 131;
Hydra, 65, 66 ; Mammal, 236-238

;

Obelia, 72; Starfish, 79; Verte-

brates, 222 (see Reproduction)
Diabetes, 208

Diaphragm, 182

Didinium, 41

Diencephalon, 209
Differentiation, 14 ; anteroposterior,

82 ; dorsoventral, 82

Difflugia, 27

Diffusion, 7, 31

Digestion, Amoeba, 23 ; Bee, 128

;

Clam, 142 ; Crayfish, 104 ; defined,

23 ; Earthworm, 86, 87 ; Frog, 184

;

Hydra, 61, 62 ; intercellular, 56, 61,

62, 72; intracellular, 56, 61, 62,

72; Paramecium, 43

Digestive enzymes, 23, 43, 62, 86, 188

Digestive glands, Crayfish, 104

Digits, 180, 181

Dinosaurs, 158

Diploblastic animal, 66

Dipnoi, 156

Disease carriers, Insects, 137

Diseases, bacterial, 13

Division of labor, 96
Dogfish, 155

Dolichoglossus, 150

Drone Bee, 123, 124, 131

Drone-cells, 135

Duck-bill, 160

Ductless glands (see Endocrine sys-

tem)
Duodenal vein, 196

Duodenum, 185, 188

Dura mater, 211

E

Ear, Frog, 165, 216. 217 ; Mammal,
218
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Earthworm, description of, 81-98

;

laboratory, 279-285; organ sys-

tems, 84-97 ; structure, 82-84

Echidna, 160

Ectoderm, Chick, 234 ; Earthworm,
81, 84; Frog, 224, 225, 228;

Hydra, 58, 60; Obelia, 69, 70

Ectoplasm, 5 ; Amoeba, 19, 23

;

Euglena, 29, 30; Paramecium,
40, 42; Volvox, 36; Vorticella,

48,49
Edentata, 161

Efferent nerves, 213

Egestion, 24, 43, 50, 62, 79, 87; vs.

excretion, 24

Egg case, 94

Eggs, Bee, 131; Clam, 147; Cray-

fish, 109 ; Earthworm, 93 ; Frog,

205, 222 ; Grasshopper, 122 ; Hen,

232; Hydra, 64, 65; Mammal,
237; Starfish, 79; Volvox, 37

Elasmobranchii, 155

Elastic tissue, 173

Elodea, 16, 41 ; description, 12

;

laboratory, 251

Embryo, Clam, 147; Crayfish, 109,

110 (see Development)
Embryology, laboratory, 353-365

Endocrine system, Frog, 206 ; adre-

nals, 207
;
pituitary, 207 ; thyroid,

206, 230
Endoderm, Chick, 234; Earthworm,

81, 84; Frog, 225, 228; Hydra,

58, 61 ; Obelia, 69, 71

Endolymph, 217
Endomixis, 25, 44
Endomysium, 170

Endoplasm, 5 ; Amoeba, 19, 23

;

Euglena, 30 ; Paramecium, 40, 42

;

Volvox, 36 ; Vorticella, 48-50

Endopodite, 100

Endoskeletal structures, 172

Endoskeleton, 153

Energy, life, 8

Entamoeba histolytica, 27

Enteric cavity, Frog, 225 ; Hydra,
58, 61 ; Obelia, 69

Enzymes, Amoeba, 23 ; Bacteria, 13 ;

Bee, 128; Crayfish, 104; Earth-

worm, 86; Frogs, 188; Grass-

hopper, 118 ; Starfish, 76 ; Yeast, 13

Epidermis, Earthworm, 84, 85 ; Frog,

skin, 4 (see Epithelium)

Epipharynx, 124

Epipodite, 100

Epistome, 48

Epithelial tissues, 167-169 ; labora-

tory, 315

Epithelium, coelomic, 85 ; germinal,

205 ; Hydra, 60 ; lining, 86 ; olfac-

tory, 206 (see Epidermis)

Equilibration, Crayfish, 111 ; Frog,

218

Erepsin, 188

Esophagus (see Oesophagus)
Euglena, 35 ; description of, 29-33

;

laboratory, 259 ; life processes,

31, 32; structure, 29, 30

Euspongia, 53

Eustachian tube, 185, 217

Eutheria, 160

Excretion, Amoeba, 24 ; Bee, 130

;

Clam, 145 ; Crayfish, 108 ; Earth-

worm, 86 ; Euglena, 31 ; Frog,

199, 201, 232; Grantia, 56;

Grasshopper, 120 ; Hydra, 63

;

Mammalian embryo, 238 ; Para-

mecium, 43 ; vs. egestion, 24

;

Starfish, 78 ; Vorticella, 50

Exoccipital bones, 175

Exopodite, 100

Exoskeleton, Bee, 124 ; Crayfish,

99; Grasshopper, 114; Turtle,

158 ; Vertebrates, 153, 172

Eye, Bee, 124; Crayfish, 100, 111,

112; Frog, 165, 218 ; Grasshopper,

114; laboratory, 351

Eye spot, Euglena, 30; Starfish, 79

Eyebrush, 126

Family, 27

Fasciculi, 170

Fats, 9, 10, 188, 189, 198

Fat body, 119, 184, 204, 205

Fatty tissue, 173

Feathers, 159, 172

Femoral veins, 195

Femur, Bee, 126 ; Frog, 180 ; Grass-

hopper, 116

Fermentation, alcoholic, 13

Ferments (see Enzymes)
Fertilization, Ascaris, laboratory,

357 ; Bee, 131 ; Clam, 147 ; Cray-

fish, 109; Earthworm, 94; Frog,

222; Grasshopper, 121; Hen, 233;
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Hydra, 65 ; Paramecium, 45

;

Starfish, 79; Volvox, 37; Vorti-

cella, 51

Fetal membranes, Chick, 235 ; Mam-
mal, 237

Fibers, giant, 96

Fibrin, 201

Fibroblasts, 173

Fibrous tissue, white, 173

Fibula, 180

Filaments, gill, 145

Fish, tropical, 157

Fishes, 154-157

Fission, binary, 25, 31; Hydra, 64

Fissure, dorsal, 211; ventral, 211

Flagellates, 33, 34, 42

Flagellum, Euglena, 30 ; Volvox, 36

Flat-fish, 156

Flexure, cervical, 235

Flowering Plants, 11, 12

Follicle, Graafian, 205

Follicles, thyroid, 207

Food (see Nutrition)

Foot, Clam, 139, 142 ; Frog, 166, 180 ;

Hydra, 58

Foramen magnum, 175

Foramen of Monro, 210

Foramina, brain, 210

Foraminifera, 27

Fore-brain, 209, 226

Fore limb, 179, 180

Fovea centralis, 220

Frog, description, 165-221 ; labo-

ratory, 309-361; organ systems,

184-221; structure, 165-181

Frontal-parietal bones, 175

Fungi, 11, 12, 13; pathogenic, 13

(see Bacteria, Mold, Yeast)

Funiculi, nerve, 214

G

Gall bladder, 183

Gametic nuclei, 46; Ascaris, 357

Ganglia, Bee, 133 ; cerebro-pleural,

147; Clam, 147; Crayfish, 110,

111; Earthworm, 95; Frog, 213,

214 ; Grasshopper, 123 ; fusion of,

in Crayfish, 110

Ganglion, cerebral, 95, 110, 123, 133;

dorsal, 213 ; pedal, 147 ;
prootic,

212; subesophageal, 95, 111, 133;

visceral, 148

Gastral cavity, 54

Gastric mill, 104

Gastric vacuoles, Amoeba, 20, 23;
Paramecium, 40, 42; Vorticella,

49, 50

Gastrocnemius, 170

Gastrula, Earthworm, 94 ; Frog,

224; Chick, 234; Hydra, 66

Gel, 7

Genital aperture, Clam, 146

Genital pores, Starfish, 79

Genus, 27

Germinal cells (see Eggs, and Sperm)
Germinal epithelium, 205

Germ layers, primary, 66 ; Chick,

234; Earthworm, 81, 94; Frog,

228 ; Hydra, 66

Gestation, 238

Gill chamber, 103, 107, 108

Gill region, 226
Gill slits, Frog, 149, 226 ; Chick, 236

Gills, Clam, 143, 144, 145, 147 ; Cray-

fish, 103, 107, 108 ; Frog, 226, 228
;

Chick, 236
Girdles, pectoral, 179; pelvic, 180

Gizzard, 85

Glands, accessory, 130; calciferous,

85; combination, 207; ductless

(see Endocrine system) ; in alimen-

tary canal, 168, 186 ; mammary,
159, 168, 236 ; mucus, 167 ; poison,

128, 167; Silk Worm, 138; spin-

ning, Bee, 132 ; thyroid, 206

Glenoid fossa, 180

Glochidium, 147

Glomerulus, 202

Glossa, Bee, 125

Glottis, 185, 190

Glycogen, 189

Golgi bodies, 5

Gonads, Bee, 130, 131; Clam, 143,

146; Crayfish, 108, 109; Earth-

worm, 92, 93 ; Frog, 184, 204, 208 ;

Hen, 232; Hydra, 64, 65; Obelia,

70, 72 ; Starfish, 79

Gonangia, 69, 72

Gonionemus, 71, 273

Gonotheca, 69

Goose-fish, 156

Graafian follicle, 205

Grantia, description, 52-57; labora-

tory, 267 ; life processes, 55-57
;

structure, 52-55
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Grasshopper, description, 113-123;

laboratory, 295-297; organ sys-

tems, 117-123; structure, 114-117

Green gland, 103, 108

Ground substance (see Matrix)

Growth, and reproduction, 13 ; ac-

cretion, 14 ; intussusception, 14, 24

Gullet, Euglena, 30; Paramecium,

39, 42, 43 ; Vorticella, 48, 50

II

Hagfishes, 154

Hair, 159, 172

Hair organs, 133

Hairs, branched, Bee, 126

Hand, 166, 180

Hard Clam, 139

Head, Bee, 124 ; Crayfish, 99 ; Frog,

165; Grasshopper, 114; Insect,

113

Head fold, 235

Head process, 234

Heart, Bee, 129 ; Clam, 142, 143, 144

;

Crayfish. 105; Earthworm, 88;

Fish, 193; Frog, 183, 193, 227;

Grasshopper, 119; Mammal, 194;

laboratory, 335

Hematochrome, 30

Hemichordata, 150

Hemocoel, Insect, 118

Hemoflagellates, 33

Hemoglobin, 191, 193, 198

Hen, egg, 233 ; ovary, 232 ; oviduct,

232
Hepatic ducts, Crayfish, 104

Hepatic portal system, 195

Hepatic veins, 194

Hermaphrodites, 57, 64, 92

Hind-brain, 209, 226

Hind limb, 166, 180

Hippocampus, 156

Holocephalii, 155

Holophytic nutrition, 9-12, 36 (see

Photosynthesis)

Holozoic nutrition, 22, 31

Hominidae, 163

Homo, 163

Homologous appendages, 99

Homothermal, 159

Honey, formation of, 136

Honey Bee (see Bee)

Honey-cells, 135

Honeycomb, 135

Honey sac, 128

Hormones, 206, 208, 230

Horse, 162 ; limbs, 181

House-fly, 137

Humerus, 180

Humor, aqueous, 220; vitreous, 220

Hydra, description, 58-67 ; labora-

tory, 269 ; life processes, 62-66
;

structure, 58-62

Hydranths, 68

Hydrocauli, 68, 72

Hydrorhiza, 68, 72

Hyoid apparatus, 176

Hypopharynx, 114

Hypophysis, 207

Hypostome, 58

Ileum, 186

Ilium, 180

Incisors, teeth, 178

Incubation, Hen's egg, 234

Incus, 217

Infection, 199

Infundibulum, 207, 209

Infusoria, 39 (see Ciliates)

Ingestion, 22, 23

Inner cell mass, 237

Insectivora, 161

Insects, 113-138 (see also Bee and
Grasshopper); abdomen, 113, 127;

disease carriers, 137 ; economic

importance, 137; head, 113;

House-fly, 137 ; larva, damage by,

137; metamorphosis, 121, 132;

Mosquito, 137; nymphs, 122;

polymorphism, 136 ; respiratory

system, 113, 129 ; Silk Worm, 138 ;

thorax, 113; trachea, 129; legs,

113, 126

Insulin, 208

Interfilamental junctions, 145

Interlamellar junctions, 145

Internal secretions (see Hormones)
Intestinal vein, 196

Intestinal wall, Earthworm, descrip-

tion of, 85, 86 ; Frog, 186

Intestine, Bee, 129; Clam, 142;

Crayfish, 104 ; Earthworm, 85, 86 ;

Frog, 183, 185, 227 ; Grasshopper,

118
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Intussusception, growth by, 14, 24

Invertebrates, 149

Iris, 219
Irritability, 15

Ischium, 180

Jellyfish, Obelia, 68; vs. Hydra. 71

Jugular veins, 194

Kallima, 115

Kangaroo, 160

Karyoplasm, 6

Karyosome, 6

Katabolism, 8 (see Life processes)

Kidney, Bee, 130; Crayfish, 108;

Earthworm, 91; Frog, 184, 196,

199, 202, 232; laboratory, 337,

339 ; Clam, 145 ; Mammal, 202, 232

Labellum, 125

Labial palps, 125

Labrum, 124

Labyrinth, membranous, 217

Lacunae, cartilage, 174

Lamellae, bone, 174 ;
gills, 145

Lampreys, 154

Lancelet, 152

Larva, Bee, 132; Caterpillar, labo-

ratory, 303 ; Grasshopper, 122

;

nymph, 122 ; Insect, damage, 137 ;

Silk Worm, 138

Larynx, 185, 190

Lasius, 137

Lateral folds, 235

Lateral neural vessels, 89

Lateral plate, 227

Leaf Butterfly, 115

Legs, Bee, 125-127; Crayfish, 100,

102; Grasshopper, 113 (see Appen-
dages, Limbs)

Lemuroidea, 163

Lens, 220
Leucocytes, 193, 199
Life processes, Amoeba, 22-26 ; Bac-

teria, 13; cells, 8-17; Euglena,

31,32; Frog embryo, 231 ; Hydra,
62-66; Obelia, 71-73; Parame-

cium, 42-46; Pleurococcus, 11;

Spirogyra, 11; Volvox, 36-38;

Vorticella, 50, 51 ; Yeast, 13

Ligaments, 173

Limb girdles, 179

Limbs, comparison of Vertebrate,

181 ; Frog, 179 ; Frog, develop-

ment, 230 ; Horse, 181 ; penta-

dactyl, 153, 157, 160, 179, 181 (see

Appendages, Legs)

Linin, 6

Lipase, 188

Liver, Clam, 143 ; diverticulum,

Frog, 227; Frog, 183, 186, 189,

208, 227; functions, 189; glyco-

gen, 189 ; urea formation, 189

Living matter (see Protoplasm)

Lizards, 158

Locomotion, Amoeba, 20 ; Clam,
142; Euglena, 30; Hydra, 67;

Jellyfish, 70; Paramecium, 39;

Vorticella, 49 ; Volvox, 36

Loops, aortic, 88

Lophius, 156

Lung-fishes, 156

Lungs, development, 229, 230 ; Frog,

183, 189 ; Man, 191

Lymph, 192, 196, 199

Lymph hearts, 196

Lymph nodes, 200

Lymph spaces, 192, 196

M
Macrocheira, 101, 112

Macrogamete, 51

Macronucleus, Paramecium, 40, 44-

46 ; Vorticella, 49, 50

Madreporite, 75, 77

Malaria, 33, 137

Malleus, 217

Malpighian body, 202, 204

Malpighian tubules, 118, 120, 130

Maltase, 188

Mammals, 159-164 ; abdominal cav-

ity, 182; brain, 210; cranial

nerves, 212 ; development, 236

;

ear, 217, 218 ; eggs, 237 ; kidneys,

203, oviducts, 236; oviparous,

160, 236 ; placenta, 160, 237 ; res-

piration, 191 ; respiratory move-
ments, 191; skull, 176; sperm,

237 ; spinal nerves, 213 ; teeth in,
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178 ; vertebral column, 179 ; vivip-

arous, 160, 236 (see Vertebrates)

Mammary glands, 159, 168, 236

Man, 163, 164 (see Mammals)
Mandibles, Bee, 124, 125 ; Crayfish,

103, 104; Grasshopper, 114

Mantle, Clam, 140

Mantle cavity, 142, 145

Manubrium, 70
Marrow, bone, 174

Marsupium, Mammals, 160, 236

Mastigamoeba, 33

Mastigophora, 33

Matrix, 34, 172

Maxillae, Bee, 125; Crayfish, 103;

Frog, 176; Grasshopper, 114

Maxillipeds, 102, 103

Meckel's cartilage, 176

Medulla oblongata, 209

Medullary folds, 226, 234

Medullary plate, 225, 234

Medusa, Obelia, 69-71

Membrana granulosa, 205

Membrane bone, 174

Membranes, embryonic, or fetal, 235,

237 ; vitelline, 222

Membranous labyrinth, 217

Mesenteries, 183

Mesoderm, 66; Chick, 234; Earth-

worm, 81, 94; Frog, 225, 227, 229

(see Germ layers, primary)

Mesogloea, Gonionemus, 71 ; Hydra,
58, 66; Obelia, 69-71

Mesonephros, 202, 232

Mesothorax, 116, 125

Mesovarium, 232
Metabolism, 8, 9 (see Life processes)

Metacarpal bones, 180

Metagenesis (see Alternation of

generations)

Metamerism (see Segmentation)
Metamorphosis, Bee, 121, 132; com-

plete, 122; Grasshopper, 122;

incomplete, 122 ; Tadpole, 229
Metanephros, 202, 232
Metaplasm, 5

Metatarsal bones, 180

Metatheria, 160, 236
Metathorax, 116, 125

Metazoa, 14, 64
Microgamete, 51

Micronucleus, Paramecium, 40, 44-

46 ; Vorticella, 49, 50

Mid-brain, Frog, 209, 226
Milk, 159

Mimicry, 115

Mitochondria, 5

Mitosis, 14, 25 ; Ascaris, laboratory,

357 (see Cell division, Cleavage)
Molar, teeth, 178

Molds, 13

Molgula, 141

Mollusca, characteristics, 139 (see

Clam)
Monkeys, 163

Morula, 237
Mosquito, 137

Moth, 137; laboratory, 303
Motor nerves, 213
Motor response, 46
Molting, 110, 122, 132
Mouth, Amoeba, 23; Bee, 124;
Clam, 142; Crayfish, 104; Earth-
worm, 82, 85, 87 ; Frog, 165, 185,

226; Grasshopper, 114, 118; Hy-
dra, 58, 62 ; Obelia, 69 ; Vorticella,

48, 50

Mouth parts, Bee, 124, 125; Cray-
fish, 102, 103; Grasshopper, 116;
Insects, 115, 116

Movement, 15; amoeboid, 20;
Brownian, 16 ; Elodea, 12 ; eugle-

noid, 29 ; intracellular, 16 ; muscu-
lar, 17, 171 ; protoplasmic, 16

Mucosa, 168, 186
' Muscle-nerve preparation,' 171

Muscles, cardiac, 169 ; eye, 218, 219

;

histology, 170; limb, 170; stri-

ated, 169 ; types, 170 ; unstriated,

169

Muscle tissue, 17, 48, 85 86, 140;

description, 169-172; laboratory,

317
Musculo-cutaneous, veins, 194

Mussel, 139 (see Clam)
Myotomes, Chick, 234 ; Frog, 227

Mytilus, 141

Myxinoidea, 154

N
Nails, 160

Nares, external 165, 216; internal,

185

Nasal bones, 176

Neck, 165
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Nematocysts, Hydra, 60, 61, 62;

Obelia, 70, 72

Nephridia, Earthworm, 91, 92 ; modi-

fied, in Clam, 146

Nephrostome, 91

Nereis, 83

Nerve cells, afferent, 97; Earth-

worm, 96 ; efferent, 97 ; Frog,

214; Hydra, 58; motor, 97;

sensory, 97

Nerve cord, Bee, 133; Chordata,

149; Crayfish, 110, 111; Earth-

worm, 95, 96 ; Grasshopper, 123

Nerve net, 61

Nerve rings, 70, 79

Nerves, afferent, 97, 213; cranial,

211 ; efferent, 97, 213 ; medullated,

215; motor, 213; non-medul-

lated, 215; ramus communicans,

215; sensory, 213; spinal, Frog,

213

Nerve tissue, functions, 58 ; his-

tology, 214; histology, laboratory,

349

Nervous system, 15 ; Bee, 133

;

Chick, development, 234; Clam,

147; Crayfish, 110-112; Earth-

worm, 95-97; Frog, 208; Frog

development, 225; functions, 58,

220; Grasshopper, 123; Hydra,

58 ; Starfish, 79, 80

Neural arch, 178

Neural canal, 178, 208

Neural spine, 178

Neural tube, 149, 209, 226

Neurilemma, 214
Neurochords, 96

Neuromotor apparatus, Paramecium,
47

Neurones, 96 {see Nerve cells)

Nomenclature, Binomial, 27

Nostrils, 165 {see Nares)

Notochord, 149, 150, 152, 154, ]55,

225, 227
Nuclear material, Bacteria, 12 ; re-

organization, 25, 44-46, 51

Nuclear membrane, 6

Nucleolus, 6

Nucleus, 5 ; Amoeba, 20 ; Bacteria,

12 ; Euglena, 30 ;
gametic, 46

;

Mold, 13; Paramecium, 40; Vol-

vox, 36 ; Vorticella, 49 ; Yeast, 13

Nuptial flight, 131

Nutrition, Amoeba, 22; Bacteria,

13; Bee, 128, 133, 136; Chick
embryo, 236; Clam, 142; Cray-
fish, 104; Earthworm, 85; em-
bryonic, 231, 236, 237; Euglena,
31 ; Frog, 187 ; Frog embryo, 231

;

holophytic, 9-12, 31, 32, 36, 63 {see

Photosynthesis) ; holozoic, 22, 31

;

Hydra, 62 ; Mammal embryo, 237
;

Obelia, 71 ; Paramecium, 42

;

Pleurococcus, 1 1 ; saprophytic,

31 ; saprozoic, 31 ; Spirogyra, 11

;

Volvox, 36 ; Vorticella, 50 ; Yeast,
13

Nutritive polyps, 68, 69
Nymph, 122

O

Obelia, description, 68-73, 141;
laboratory, 271 ; life processes, 71-

73 ; structure, 68-71

Occipital condyles, 175

Occipito-vertebral arteries, 195

Ocelli, 114, 124

Octopus, 139, 148

Oesophagus, Bee, 128; Clam, 142;
Crayfish, 104; Earthworm, 85;
Frog, 182, 185; Grasshopper, 118

Olfactory lobes, 209
Olfactory nerves, 209, 211
Olfactory organs, Bee, 134; Cray-

fish, 111; Frog, 216
Ommatidia, Bee, 134 ; Crayfish, 112

;

Grasshopper, 114

Onion, root tip, 4 ; laboratory, 247, 357
Oogenesis, laboratory, 355
Operculum, Fish, 156 ; Frog, 231
Opossum, 160

Opsonins, 200
Optic lobes, 209
Oral lobes, 70

Orbits, 165, 218
Order, 27

Organ of Corti, 218
Organ systems, Earthworm, 84;

Bee, 128; Clam, 140; Crayfish,

104; Frog, 184; Grasshopper,

117; Starfish, 76

Organization, cellular, 3

Organs, derivation of, 228
Osculum, 54
Osmosis, 7, 31
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Osphradium, 148

Ossicles, auditory, 217, 218; Star-

fish, 75

Osteoblasts, 174

Ostia, Bee, 130; Crayfish, 106;

Grasshopper, 120

Ova (see Eggs)

Ovaries, Bee, 131 ; Clam, 146 ; Cray-

fish, 109; Earthworm, 93; Frog,

184, 205 ; Grasshopper, 121 ; Hen,

232 ; Hydra, 65 (see Gonads)

Oviducts, Bee, 131 ; Hen, 232 ; Cray-

fish, 109 ; Earthworm, 93 ; Frog,

184, 205 ; Grasshopper, 121 ; Mam-
mal, 236

Oviparous Mammals, 160, 236

Ovipositor, 117

Ovisac, 93

Oxyhemoglobin, 191

Oysters, 139

Palatine bones, 176

Palps, labial, 143, 145

Pancreas, 183, 186, 208

Paramecium, description, 39-47 ; lab-

oratory, 263 ; life processes, 42-46
;

structure, 39-42

Paramecium aurelia, 45, 46

Parasite, 63

Parasitism vs. symbiosis, 63

Parasphenoid bones, 176

Parthenogonidia, 37

Pecten, 127

Pectoral girdle, 179

Pedal ganglion, 147

Pedicellariae, 75

Pellicle, Euglena, 29; Paramecium,

40 ; Vorticella, 48

Pelmatohydra, 59

Pelvic girdle, 180, 182

Pelvic veins, Frog, 195

Pennaria, 141

Pentadactyl limbs, 153, 166, 179, 180

Pepsin, 188

Peptones, 188

Peranema, 35

Pericardial sinus, Bee, 130 ; Crayfish,

105 ; Grasshopper, 120

Pericardium. Clam, 143, 144; Cray-

fish, 105 ; Frog, 183, 194

Perihemal system, 78

Perilymph, 217

Perimysium, 170

Perineurium, 214

Periosteum, 174

Perisarc, 68, 69

Peristalsis, Earthworm, 89; Frog,

188

Peristome, Paramecium, 39, 40 ; Vor-

ticella, 48

Peritoneum, 183

Petromyzon, 154

Phalanges, 180

Pharynx, Earthworm, 85, 87 ; Frog

embryo, 227

Photoreceptor cells, 97

Photosynthesis, 9, 10, 11, 31, 32, 36,

63; vs. respiration, 31 (see Nutri-

tion, holophytic)

Phototropism, 32

Phylum, 27

Pia mater, 211

Pig, fetal, laboratory, 315

Pincer, 102

Pineal body, 209

Pisces, 155

Pituitary body, 207, 209

Placenta, 237

Plants, description, 10-12; labora-

tory, 247, 251, 253

Planula, Obelia, 73

Plasma, blood, 88, 192

Plasma membrane, 6

Plastids, 5

Pleura, 100

Pleurobranchiae, 107

Pleurococcus, description, 11 ; labo-

ratory, 251

Plexus, brachial, 213; sciatic, 214;

solar, 215; urogenital, 215

Poikilothermal, 159

Poison glands, Bee, 128 ; Frog, 168

Pollen, as food, 136

Pollen baskets, 127

Pollen brush, 126

Pollen spur, 126

Polychaeta, 83

Polymorphism, 136

Polyp, 68, 69, 72

Porcupine-fish, 157

Portal systems, 195

Premaxillae bones, 176

Premolar teeth, 178

Primates, 163
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Primitive streak, 234

Proboscis, Bee, 125

Processes, articulating, 179 ; trans-

verse, 178

Proctodeum, 229

Pronephric duct, Frog, 232

Pronephros, Frog, 202, 232

Prootic bones, 171

Propolis, 136

Prosopyles, 54

Prostomium, Earthworm, 82

Protein, synthesis, 10

Proteins, 9, 10, 188

Prothorax, 116, 125

Protoplasm, 3-17 (see Cytoplasm)
Protoplasmic movement, 15-17 ; lab-

oratory, 255

Protoplast, 5

Protopodite, 100

Prototheria, 160, 236

Protozoa, 23, 27, 29, 30, 33

Proventriculus, 118, 128

Pseudopodia, 20, 61

Pteridophyta, 11

Pterygoid bones, 176

Ptyalin, 188

Pubis, 180

Pulmocutaneous arteries, 195

Pulmonary artery, 195, 197

Pulmonary veins, 195, 197

Pulvillus, 117, 126

Pupa, 122

Pupil, 219

Pyloric caeca, 76
Pyloric chamber, 104

Pylorus, 183, 186

Pyrenoids, Euglena, 30 ; Spirogyra,

12

Quadrato-jugal bones, 176

Quahaug, 139

Queen, Bee, 123, 131

Queen-cells, 135

R

Radial canals, 70, 77

Radiata, 74

Radiation, adaptive, 160

Radio-ulna, 180

Radius, 180

Rays, 155

Reaction, avoiding, Paramecium, 47
Receptacles, seminal, 93, 109, 121,

131

Rectal caeca, 78

Rectum, 118, 129

Red corpuscles, 193

Reflex action, 97, 221

Regeneration, Crayfish, 103-104

;

Earthworm, 94 ; Hydra, 64

Renal aperture, 146

Renal portal systems, 195

Renal veins, Frog, 194

Reno-pericardial aperture, 146

Reproduction, Amoeba, 25 ; asexual,

25, 31, 37, 44, 50, 56, 63, 69; bi-

nary fission, 25, 31, 44, 45, 50, 64;
budding, 56, 63; Euglena, 31;

Grantia, 56 ; Grasshopper, 120,

121 ; Hydra, 63 ; Obelia, 72 ; Para-

mecium, 44 ; sexual, 64, 72, 79,

92-95, 108-110, 120, 121, 130,

131, 153 ; Starfish, 79 ; Volvox, 37
;

Vorticella, 50 (see Reproductive
system, Development)

Reproductive system, Bee, 130 ; Bird,

232; Clam, 146; Crayfish, 108;

Earthworm, 92 ; Frog, 204 ; Grass-

hopper, 120 ; Hen, 232 ; Mammal,
236

Reptilia, 157

Respiration, Amoeba, 24; Bee,

129; Clam, 145; Crayfish, 107;

Earthworm, 90; embryonic, 231,

236, 238; Euglena, 31; Frog, 189,

191, 197, 198, 201; Grasshopper,

119; Grantia, 56; Hydra, 63;

Obelia, 71 ; Paramecium, 43 ; Pleu-

rococcus, 1 1 ; processes of, 8 ; vs.

photosynthesis, 31 ; Starfish, 78

;

Yeast, 13 (see Respiratory system)

Respiratory movements, 190, 191

Respiratory system, Bee, 129 ; Clam,
145 ; Crayfish, 107 ; Earthworm,
90; Frog, 189; Grasshopper, 119

;

Insects, 113; Starfish, 78

Retina, 219
Ring canal, 77

Rhizopoda, 27

Rodentia, 161

Rods, of eye, 219
Roots, teeth, 178

Rostrum, 100
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Sacculus, 217

Salamanders, 151, 157

Salientia, 157

Saprophyte {see Nutrition, sapro-

phytic)

Sarcodina, 27

Sarcolemma, 171

Sarcomeres, 171

Sarcoplasm, 171

Sarcostyles, 171

Scaphognathite, 103, 107

Scapula, 180

Sciatic nerves, 214 ; veins, 195

Sclerotic coat, eye, 218

Seals, 162

Sea-squirts, 141, 150

Secretion, internal organs of {see

Endocrine system)

Secretions, internal {see Hormones)

Segmental ganglion, 95, 110

Segmentation, Bee, 124-128; Cray-

fish, 99; Earthworm, 81; Grass-

hopper, 114-117; Insects, 113

Segmentation cavity, 224, 234

Selachii, 155

Semicircular canals, 218

Seminal receptacle, Bee, 131, Cray-

fish, 109 ; Earthworm, 93 ; Grass-

hopper, 121

Seminal vesicle, Bee, 130; Earth-

worm, 92 ; Grasshopper, 121

Sense-capsule, 153

Sense organs, 98; Bee, 133; Clam,

148 ; Crayfish, 103, 111 ; Frog, 215 ;

Grasshopper, 123 ; Obelia, 70, 72

Sense plate, Bee, 134

Septa, 84

Serosa, 186

Setae, 82, 84, 111

Sexual characters, 79, 102, 108, 109,

204
Shank, 166

Sharks, 155

Sheath, medullary, 215

Shell, Clam, 139; Hen's egg, 233;

Mollusca, 139

Silk, formation of, 138

Silk Worm, 138 ; cocoon, 138

Sinus venosus, 193, 196

Sinuses, blood, 105-107, 130, 144

Siphons, Clam, 142, 143, 145

Sirenia, 162

Skeleton, 175; laboratory, 321-323;

Man, 177

Skin, Frog, 166, 182, 189, 195, 197,

198, 201 ; laboratory, 319

Skull, Frog, 175 ; Mammals, 176

Slipper animalcule {see Paramecium)

Slug, 139

Snails, 139

Snakes, 158

Sol, 7

Sole, 156

Somatic layer, Frog, 228, 229 ; Chick,

235
Somatopleure {see Somatic layer)

Somites {see Segmentation)

Species, 27

Sperm, Bee, 130, 131; Clam, 116;

Crayfish, 108, 109; Earthworm,

92, 93 ; Frog, 204, 222 ; Grass-

hopper, 120; Hydra, 64, 65;

Mammal, 237 ; Volvox, 37

Spermatic tubules, Bee, 121, 130

Spermatids, 205

Spermatocytes, 205

Spermatogenesis, laboratory, 353

Spermatogonia, 205

Spermatophyta, 11

Sperm ducts, Earthworm, 92, 93 {see

Vas deferens, Vasa efferentia)

Sphenethmoid bones, 175

Sphenodon, 164

Spider crab, 101, 112

Spinal cord, 208, 211, 226; labora-

tory, 345, 349

Spinal nerves, Frog, 211, 213 ; Mam-
mal, 213

Spiracles, 117, 119, 129

Spireme, 6

Spirilla, 13

Spirogvra, 21 ; description, 11

Splanchnic layer, Frog, 228, 229;

Chick, 235

Splanchnopleure {see Splanchnic

layer)

Spleen, 183

Sponges, 52, 53

Spongin, 52

Sporozoa, 33

Squalus, 155

Squamata, 158

Squamosal bones, 176

Squid, 139, 141, 148
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Stapes, 217

Starch, animal, 189 ;
plant, 10

Starfish, description, 74-80 ; labora-

tory, 275-277 ; organ systems, 76-

80 ; structure, 74-76

Statocyst, Clam, 148 ; Crayfish, 103,

111; Obelia, 70

Statoliths, 111

Sternal sinus, 106

Sternum, 179; Bee, 127; Crayfish,

100 ; Frog, 182 ; Grasshopper, 116

Stigma, Euglena, 30 ; Volvox, 36

Sting, 127, 128

Stomach, Bee, 128, 129 ; Clam, 142

;

Crayfish, 104; Frog, 183, 185;

Grasshopper, 118

Stomodeum, 228

Stone canal, 77

Structure, Amoeba, 19-22 ; Bacteria,

12 ; Bee, external, 123-128 ; Cells,

5-8; Clam, external, 139; Cray-

fish, 99-104; external, Earth-

worm, 82-84; Euglena, 29-30;

Frog, external, 165; Grantia, 52-

55; Grasshopper, 114; Hydra,
58-62; Insects, 113; Obelia, asex-

ual, 68, 69, sexual, 69-71; Para-

mecium, 39-42 ; Pleurococcus, 1 1

;

Spirogyra, 11; Volvox, 34, 36;

Vorticella, 48-50 ; Yeast, 13

Subesophageal ganglion, Bee, 133

;

Crayfish, 111

Submucosa, 186

Subneural vessel, 88

Subscapular veins, 194

Sucker, ventral, 231

Sucrase, 188

Sugar, synthesis of, 10, 13

Sulcus marginalis, 185

Suprabranchial chamber, 145

Swarming, Bee, 131

Swimming movement, Gonionemus,
71

Symbiosis, Hydra, 62, 63 ; vs. para-

sitism, 63

Symmetry, bilateral, 74 ; radial, 58

Synkaryon {see Fertilization)

Systemic arches, 195

Tactile organs, Bee, 133 ; Crayfish,

111

Tadpole, metamorphosis, 229 ; struc-

ture, 230
Tail, Frog, degeneration, 230
Tail bud, 226

Tail fold, 235

Tarsus, 117, 126

Taste, Bee, 134; Frog, 216

Teeth, 178 ; dental formula, 178

;

Frog, 185; Mammals, 178; milk,

178 ; vomerine, 185

Teleostomi, 156

Telson, 100

Temperature, birds, 159 ; control,

200; mammals, 159

Tendons, 170, 173

Tentacles, Hydra, 58, 60, 62 ; Obelia,

asexual stage, 69 ; sexual stage, 69-

70

Tergum, Bee, 127; Crayfish, 100;

Grasshopper, 116

Testes, Clam, 146 ; Bee, 130 ; Cray-

fish, 108; Earthworm, 92; Frog,

184, 204; Grasshopper, 120, 121;

Hydra, 64 (see Gonads)
Testudinata, 158

Thallophyta, 11

Thigh, 166

Thoracic cavity, 182

Thoracic ganglia, Bee, 133 ; Grass-

hopper, 123

Thorax, Bee, 125-127 ; Crayfish, 100
;

Grasshopper, 116; Insects, 113

Thyroxine, 207

Tibia, Bee, 126; Frog, 180; Grass-

hopper, 117

Tibio-fibula, 180

Tiedemann's bodies, 77

Tissue, 4, 81, 84

Tissues, Vertebrates, 167

Toads, 157

Tongue, Bee, 125 ; Frog, 185, 187

Torpedo, 155

Trachea, Bee, 129; Frog, 190;

Grasshopper, 119; Insects, 129

Tracheal trunks, 129

Transition cells, 135

Transverse processes, 178

Trichocysts, 40

Triploblastic animal, 66, 81

Trivium, 75

Trochanter, 116, 126

Trophoblast, 237

Tropism, 32, 46
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Trout, 155

Trypanosome, 33

Trypsin, 188

Tube feet, 75, 77

Tuberculosis, 137

Tunicata {see Urochordata)

Turtle, 158; exoskeleton, 172

Tympanic membrane, 165, 217

Tympanum, 123

Typhlosole, 86

U

Ulna, 180, 181

Umbilical artery, 238

Umbilical cord, 238

Umbilical veins, 238

Umbo, 140

Unguiculata, 160

Ungulata, 160, 162

Unio, 139

Uniramous appendage, 100

Univalves, 140

Urea, 199, 204 ; formation, 189

Ureter, 184, 202-204

Urethra, 202

Urine, 204
Uriniferous tubules, 202

Urochordata, 141, 150

Urodela {see Caudata)

Urogenital canals, 184, 204

Urogenital system, Frog, 183; lab-

oratory, 339

Uropod, 102

Urostyle, 178

Uterus, Frog, 184, 206; Mammal,
236

Utriculus, 217, 218

Vacuole, cell, 5

Vagina, Bee, 131

Valve, Clam shell, 139

Valves, heart, 194

Vasa efferentia, 204

Vascular system, Bee, 129; Clam,

143; Crayfish, 105; Earthworm,

87; Frog, 192; functional, 198;

Grasshopper, 119; Starfish, 78;

laboratory, 333 335

Vas deferens, Bee, 130; Crayfish,

108; Grasshopper, 121

Vegetal pole, 222

Vein, hepatic portal, 195

Veins, Frog, 194, 195 ; umbilical, 238

{see Vascular system)

Velum, Bee, 126 ; Obelia, medusa, 69

Vena cava, Clam, 144 ; Frog, 193, 194

Ventricles, Bee, 130 ; brain, Frog, 210

;

Clam, 143, 144; Frog, 193, 196, 197

Ventriculus, 118, 128

Venus, 139

Vertebra, Frog, 178

Vertebral column, Frog, 152, 178;

Mammal, 179

Vertebral plate, Frog embryo, 227

Vertebrates, 152-164; coelom, 182;

limbs, comparison of, 181 ; develop-

ment, 222-238; exoskeleton, 172;

skeleton, 175 ; teeth, 178 {see Frog,

Mammals)
Vessel, afferent branchial, Crayfish,

108

Vessel, lateral-neural, 88 ; sub-neural,

88

Vessels, Dorso-intestinals, 89; seg-

mental, 89 ; Ventro-intestinal, 89 ;

Ventro-parietal, 89 {see Vascular

system)

Vestibule, Vorticella, 48

Viscera, Frog, 182-184; laboratory,

325-327

Visceral ganglion, 148

Visceral mass, Clam, 142

Vitamines, 9

Vitelline membrane, 122, 205

Vitreous chamber, eye, 220

Vitreous humor, 220

Viviparous Mammals, 160, 236

Vocal cords, 190

Vocal sacs, 185

Volvox, 52 ; description, 34-38 ; lab-

oratory, 261 ; fife processes, 36-38

;

structure, 34 ; zygote, 37

Vomers, 176

Vorticella, 41; description, 48-51;

laboratory, 265; life processes,

50, 51 ; structure, 48

W
Water tubes, 145

Water vascular system, 75, 76

Wax 135

Wax' glands, 127, 135

W7

eb, interdigital, 166
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Whales, 160, 162

White corpuscles, 193

White fibrous tissue, 173

Wing pads, 122

Wings, Bee, 125 ; Grasshopper, 116

Worker, Bee, 124

Worker-cells, 135

Worms, segmented, 81 {see Earth-

worm)
Wound healing, 201

Wrist, 166

Yeast, 13

Yolk plug, 225

Zoology, 3

Zygapophysis, 179

Zygote, 37, 109 {see Fertilization)

Zymase, 13










