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CHAPTER I

EMBRYOLOGY OF THE CHICK

THE DEVELOPMENT OF THE EMBRYO BEFORE THE
EGG IS LAID

BEFORE beginning the work in Introductory Embryology it is

quite essential that the student turn back to earlier chapters and

re-read what is said there on mitosis, fertilization, and the histology

of the frog. Such a review will lay a foundation for the detailed study

of the following pag-es.

When Comparative Anatomy is taken up in the next semester's

work, it will be found that the Haeckelian law of biogenesis (also called

the "recapitulation theory"), although untrue in its usual application,

is a very convenient supposition in that it makes many points clear if

we accept it as a working hypothesis. This so-called law is defined as

follows : "All anim^als, during their embryonic period, pass through
the same adult-stages that the various members of the race to which
they belong, have passed." For practical purposes it is necessary to

keep this theory in mind in the study of Embryology ; for, it is the

simplest way of bringing home to the student the fact, that in any
biological study that is to be scientific, one must first study the more
simple organisms and then compare such simple forms with those that

are more complex—the so-called higher forms.

All living animals pass through a quite similar stage of development
in their embryonic period, so that the next succeeding higher form
practically possesses everything that the immediately next succeeding

lower form possesses, plus something additional. And it is this "plus

something" that we are trying to arrange in proper order when we
study embryology.

The value of this is not always clear to the student. However, if

he will remember that a human being and a chick pass through quite

similar stages during their embryonic periods, the human being, how-
ever, developing further, he can understand how an obstruction may
prevent any individual part of an organism from receiving the proper
nourishment and environment, and thus cause such part to cease devel-

oping, and thereby to produce what is called a rudimentary structure.

(Fig. 250.)

While all animals differ slightly from each other, there are certain

type-forms in which the greatest differences can be clearly observed.

Such type-forms, as commonly used in the laboratory, are the dogfish,

as a representative of the cartilaginous fishes; the frog, as an example
of amphibia ; the chick, or pigeon, as an example of birds ; the turtle,
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as an example of reptilia ; and the cat, rabbit, or pig, as an example of

the mammals.
As we have been using the frog as a norm, or standard type, with

which 'to compare the other forms studied, it would probably seem best

Fig. 250.

There is a membrane covering the pupil of the eye which, in man, normally dis-
appears when the embryo is seven months old. In the case here shown portions of
the membrane have persisted as an irregular network over the pupil. Such
persistent structures are called rudimentary. (From a drawing lent by Dr. G. N.
Brazeau.)

to begin Embryology with that animal. However, for the same reason
that the frog was used as an introductory subject for study (because
it can be procured easily and because it is a fairly complex form which
possesses structures with which the student is already familiar), so, the

hen's egg, which is much larger than that of the frog, can also be
obtained easily and is already somewhat familiar to the student. In
addition to this, the chick embryo develops upon the surface of the yolk,

which makes the various germ layers xery distinct, and serves much
better than the frog as a beginning-type..j

The first and foremost point in the study of Embryology is accuracy
of observation; the second is the obtaining of a clear concept of what
has been observed; and the third is to show by drawings that the first

and second points have been fully assimilated.

There is considerable need for legitimate imagination in embryo-
logical work, because the entire study of Embryology is for the purpose
of giving the student a more or less comprehensive idea of the process

through which, and by which, all the organ-systems in the body of

living things have come to be what they are. The study of Embryology
is, therefore, different from later work in pure anatomy, where each
structure is definite, and where such structure is studied only after it is

completely formed. In Embryology we see the beginnings and develop-

ment of these later anatomical structures.

One should first take the complete embryo, and get a good grasp of

the general structure. Then, sections must be cut at various intervals

and studied microscopically. It must never be forgotten, however, that

our imagination must constantly remind us that there are three dimen-
sions to the living animal, and that what we are looking at in a section.
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is but a series of still pictures, and that there is little value or meaning
in such observation unless one can, with imagination and logic, plus

preceding biological knowledge, build up a completed structure, so that

the mind's eye can see the entire animal as it actually exists.

It must be remembered at this point that events which have taken

place in the past, are the cause, or causes, of events that are now taking

place, and that will take place later. This is as true in Embryology as

it is in such a field as history, for example. This means that the various

events of development are caused by preceding developmental events,

and that these cause later steps in development in turn.

Another important point for the student to remember is that he

must not only be able to recognize histologically the type of cells he

may find in the section he is studying, but he must know the definite

location in the complete embryo from which his section is cut.

The complete bird-like form of the chick can be clearly seen before

the eigth day of incubation because all the principal changes have taken

place by that time. It will, therefore, be understood that these changes
are rather minute in their origins, for the eight-day embryo is only about
seven millimeters in length. During, and after the eighth day, the

changes which taice place are primarily enlargements, or growth, of

portions already present.

In the study of Embryology we are not only interested in the devel-

opment of the chick from the ^gg, but we also wish to know how the

egg came into existence.

The hen's egg is usually said to be a single cell. This is, however,
only true if the egg is unfertilized.

As birds' eggs are laid with shells upon them, it is necessary that

fertilization take place before the shell is formed. Fertilization in these

cases is internal. It takes about 22 hours for the egg to have the layers

of white laid down, and for the shell to surround it. (The layers of

yolk are laid down before ovulation.) If the egg has been fertilized,

the warmth of the mother's body has already caused development
throughout these hours, so that by the time the egg is laid, the little

chick is already approximately one, or one and a half, days old. There
is a variation in the age because, if the hen's egg is ready for laying

during the main part of the day, it is laid then, but if it is not ready
for laying until, let us say, about four or five o'clock in the afternoon/
it is retained within the mother's body until the following day, thus
causing some embryos to be developed from ten to fifteen hours more
than others.

The so-called spoiling of eggs is usually due to the fact that the

embryo chick dies and then decays.

In birds, where the eggs leave the mother's body, the yolk must
be quite large in order to furnish sufficient food for the embryo during
the two or three weeks intervening between the time the egg leaves the

mother's body and the time of hatching. In mammalian forms, the
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egg remains extremely small because the nourishment of the embryo is

derived directly from the mother.

During- the very first day of incubation the outlines of the embryo
are defined. During the second day a rather complicated series of folds

appear, separating- the embryo from the yolk. The embryo, however,
remains in contact with the yolk-mass by a narrow stalk. The circula-

tory system now develops, through which nourishment is carried from
the yolk-mass to the embryo. Embryonic membranes and appendages
appear during the second and third days of incubation. These assist in

respiration and also in forming a larger area from which the food supply

may be brought from the yolk to the embryo.
Development usually begins at the head end and extends tailward,

so that the brain and other head structures are often quite well devel-

oped when there is little semblance of any other well-defined structure

toward the tail end. The chick usually makes a small opening in the

egg shell on about the twentieth day of incubation, and from then on

the lungs actually take in air and begin their regular external work,

while on the twenty-first day the chick breaks entirely through the

shell.

With this introductory general outline, we shall take up the study

of the egg itself, working backward to its very simplest cell origin in

the mother's ovary.

THE EGG
The true ovum (Fig. 251A, v.), or egg-cell proper, is the large

yolk or vitellum. This is surrounded by a tough vitelline membrane.

The end of the ovum, where the embryo is to develop, is called the ani-

mal pole. It is nearly free from yolk, and appears at the time of laying as

a circular whitish area, known as the blastoderm (Fig. 251, b), and

measures from three to four millimeters in diameter. As the animal

pole is not so dense as the surrounding material, it is always found on

top of the yolk, no matter which way the entire egg is turned, provided,

of course, that the yolk is free to rotate.

The more central portion of the animal pole is rather translucent,

or pellucid, and, therefore, is called the area pellucida (Fig. 251A, c).

This central portion is surrounded by a whitish, or opaque, region called

the area opaca. The yolk itself is called deutoplasm, and is divided into

two types of material, white and yellow yolk. The white yolk is thickest

in the region just below the blastoderm, where it is shaped like a flask,

as shown in the figure. It extends to the center of the yolk. It will be

noticed that the yolk is thus arranged in various concentric layers. A
layer of thick yellow yolk alternates with a thinner stratum of white

yolk. The two types of yolk differ in physical characteristics and in

chemical composition.

The vitellus, or true egg-cell, alone is formed in the ovary. Such

structures as develop within the ovary proper are called primary.

Structures, such as chorionic membranes (found in most of the higher
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-— Area opaca

Area pellucida

Fig. 251.

Semidiagrammatic illustration of the hen's egg at the time of laying. A.
Entire "egg." £. ^Diagram of a vertical section through the vitellus or ovum
proper, showing tlie concentric layers of white and yellow yolk, a, Air chamljer;
ac, chalaziferous layer of albumen; ad, dense layer of albumen; af, fluid layer of
albumen; b, blastoderm; c. chalazae; /, latebra; nl, neck of latebra; P, nucleus of
Pander; pv, perivitelline space; smi, inner -layer of shell membrane; smo, outer
laj'cr of shell membrane; v, vitellus or "yolk"; vm, vitelline membrane; wy, layers
of white yolk; yy, layers of yellow yolk. C. Surface view of Blastoderm of un-
incubated hen's egg. (A and B, after Marshall; C, after Hertwig.)

forms), are known as secondary structures, while those particular

regions which are formed by accessory reproductive organs, such as the

white of the egg and the shell, are said to be tertiary structures. The
white of the ^gg is composed of albuminous matter which is chemically

quite complex. It will be remembered that the protoplasm in all living

cells is largely albuminous.

Toward each end of the newly-laid tgg, one finds a dense, opaque
twisted cord, extending through the white of the ^gg from opposite sides

of the yolk toward the apices of the shell. These twisted cords are

called chalazae (Fig. 251A, c). They are continuous with a very

thin, dense layer of albumen surrounding the yolk. This thin layer is

called the chalaziferous layer. It is generally assumed that the chalazae

assist in holding the yolk in position, though this has been disputed by
several biologists, primarily because the ends nearest the shell are not

attached. Immediately outside the chalaziferous layer there is another
thick, dense layer of albumen, and superficial to this is a still thicker

layer of a more fluid albumen. The hard-boiled ^gg in which the albu-

men has coagulated lends itself well for the observation of these various

layers. Usually, in observing such hard-boiled eggs the albumen is seen
to be arranged in spiral sheets.

The ovoid shell which surrounds the entire tgg is quite resistant to

gradually applied pressure, but easily broken if the blow be sharp. The
shell in turn is covered superficially by a thin cuticle perforated by many
pores. The main substance of the shell is made up of loosely arranged
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particles of carbonates and phosphates of calcium and magnesium. The
inner surface of the shell is composed of a thin but dense layer of

inorganic salts. After the shell has dried, it is quite porous, thus making
the passing of gases and water-vapor quite easy.

There is a tough shell membrane lining the inner portion of the

shell. It is composed of a double sheet of fibrous connective tissue

which separates at the blunt end of the ^gg into an air space, becoming
larger as time goes by.

THE REPRODUCTIVE ORGANS OF THE FOWL
One obtains a more thorough

the tgg in the ovary if a review

Fig. 252.
The reproductive system of the fowl. The

figure shows two eggs in the oviduct, whereas
normally only one egg is in the oviduct at a
time, b, Blastoderm; c, cicatrix; cl, cloaca;
da, dense layer of albumen; /, empty egg
follicle from which the ovum has escaped; g,
glandular portion of oviduct; i, isthmus; m,
mesovarium; o^^-o^, ovarian ova in various

stages of growth; O^, ovum in upper end of

oviduct; Oj, ovum in middle portion of oviduct
(the oviduct has been cut open to show the
structure of this ovum) ; ps, ostium or infundi-
bnlum; ov, ovary containing ova in various
stages of growth; r, rectum; u, uterus; v,

vitellus; w, ventral body wall, opened and
reflected. (From Duval.)

understanding of the development of

of the entire reproductive organs is

undertaken. The reproductive or-

gans of the fowl do not develop

equally on each side, though they

begin developing symmetrically.

The right ovary ultimately degen-

erates, and so far as we know does

not function. The left ovary (Fig.

252) and oviduct alone carry on the

work of the organs. The left or-

gans, therefore, become quite large.

A microscopical section of the

ovary shows this organ to be com-
posed of a great quantity of ova,

each ovum being contained in a

Graafian follicle (Fig. 253). The
ovary itself is suspended from the

dorsal abdominal wall by a double

fold of the peritoneum called a

mesovarium.

In the hen, the ova vary in size

from a very small cell up to the full

sized yolk. The oviduct is large,

thick-walled, and muscular, being

convoluted, and having a different

structural form in the different

parts. The oviduct carries eggs
from the ovary to the uterus. The
abdominal opening of the oviduct is

rather wide, flaring, and funnel-

shaped, and comes in close contact

with the ovary. This opening is

called the ostium or infundibulum,

or the fimbriated opening. This last

name is due to its fringe-like mar-
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gin. This region of the oviduct is thin and muscular and lined with
cilia. The oviduct proper, into which the ostium leads, is known as the

convoluted glandular portion, which is followed by a short, third portion

called the isthmus. It is after passing through the isthmus that the Qgg
enters the so-called uterus, which is merely a dilated portion of the

glandular tube. The uterus in turn opens into a short terminal region,

a rather thin-walled vagina, and this again opens into the cloaca, just

dorsal to the opening of the rectum.

It is easier for the student to understand a developmental history

of the egg if it be thought of as passing through three periods. First,

from the beginning of the development of the ovum to the time of ovula-

tion. Second, from the time of ovulation through the period of fertili-

zation, and third, from the beginning of cleavage to the time the egg is

laid.

First Period. (From the beginning of the development of the egg
to the time of ovulation.) Most animals produce a large number of eggs
within a very brief period, while in the hen there is a long period of egg
formation and laying, which extends over several months, after which
there is a period of almost complete cessation. Undoubtedly the reason
for this is that, when an egg becomes so large as that of the hen, which

You^g follicle u'ith^'um. rcquircs so much food in its

making, it is a considerable

drain upon the animal, and
secondarily, there isn't room
enough in the body of an
animal no larger than a hen
for many eggs of such size.

However, the fact that the
hen's ova develop in the way
they do, makes it possible

for us to observe almost a
complete succession of de-

velopmental changes from
the minute forms up to the
fully developed egg.

In our course of general

Biology, we learned that very early in an organism, especially in triplo-

blastic forms, the germplasm and somatoplasm differentiate. A few
cells are set aside in the innermost portion of the body of the growing
embryo for reproductive purposes. The development of the germplasm
in the growing embryo is called oogenesis in the female and spermato-
genesis in the male.

OOGENESIS
The process by which the eggs, already present in the ovary of the

new-born chick, originally came to be what they are, is known as

Fig. 253.

Section from ovary of adult dog. The more or less
star-shaped figure on the right is a collapsed follicle with
its contents. Below and at the right are seen the tubules
of the Parovarium. (After Waldeyer.)



18 Embryology of the Chick

oogenesis. The first event in oogenesis is known as the multiplicaticn

of the oogonia. This occurs during- the embryonic period of the animal.

There are two types of cells which develop from the original primary
cells set aside for reproductive purposes. How and why these differ-

entiate in the way they do, we do not know, but we do know that there

is a differentiation.

As soon as these original cells begin to divide, some of them develop

into centrally located eggs or ova (Fig. 254), while others, known as

germinal epithelium, surround the more centrally located ova and form
a sort of case, or capsule, around them. The primitive egg surrounded

by this epithelial case is known as an oogonium. Some of the primitive

eggs leave the epithelium and pass into the stroma of the ovary. There
they degenerate. Those remaining, however, begin enlarging even while

they are dividing and multiplying. The epithelial cells also divide very

rapidly, forming long strands or cords which in turn extend into the

stroma. There comes a

time when these primitive

ova, or oogonia, stop multi-

plying; they are then called

primary oocytes. At this

time the strands, or cords, of

germinal epithelium break
up into little groups, some-
times called nests. Each
nest consists of a single pri-

mary oocyte (Fig. 255) sur-

rounded by a number of the

original epithelial cells.

These latter cells form a

definite case surrounding the

oocyte. The case thus
formed is called the primi-

tive egg follicle. This final

arrangement takes place

within a few days after
hatching. It will thus be
seen that all the eggs which
enlarge, ripen, and pass out of the ovary are merely enlarged and devel-

oped primary oocytes.

Both the nucleus and the cytoplasm of the egg cell now begin to

enlarge, and yolk granules are laid down all about the centrally located

nucleus as well as throughout the cytoplasm, except in the peripheral

region. This region remains comparatively free from yolk. At the point

where the ovum, or follicle, is attached (Fig. 256), there is a thicker

Section of the Germinal Epithelium and Adjacent Stroma
in a Chick-Embryo.

g.ep., germinal epithelium forming a thickened ridge-

like projection; pr-ov., primitive ova of various sizes, some
in the germinal epithelium and others somewhat beyond
the limit of this epithelium; St., strands of cells which have
grown from the germinal epithelium, and one of which
appears connected with an enlarged primitive ovum. (From
Semon.)
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portion in the periphery known as the germinal disc or spot. As soon

as the ovum reaches a diameter of about five-tenths of a millimeter, the

nucleus migrates into the germinal disc, v^here it remains as long as the

egg continues in the ovary. An important point to remember is that

the animal pole of the ovum is toward the attached surface, that is, at

the point where the nucleus is located.

From this time onward, the yolk accumulates very rapidly. The

surface of the ovum is in the form of a zona radiata (Fig. 256, B), in

which there are many pores through which nutritive substances may
easily diffuse from the follicle cells. These follicle cells may, therefore, be

called nurse cells.

When the follicle has completed its growth, it becomes somewhat
membranous. Directly opposite its point of attachment there are very

Follicular cavily.

Fig. 255.

Young Mammalian Oocyte surrounded
by a single layer of Follicular Cells.

(Van der Stricht.)
Showing attraction-sphere, centrosome,

and mitochondria.

Corona radiata.

Zona pellucida.

Germinal spot.

Germinal vesicle or

nucleus.

B

Fig. 256.

d, ripe Mammalian Graafian follicle. B, ovum.

few blood vessels, and it is at this point that a modification takes place

in the appearance of a band, known as the cicatrix. It is at the cicatrix

that the follicle ruptures to permit the escape of the tgg into the

oviduct.

The nucleus lies flat against the vitelline membrane, and becomes
very large just before the tgg leaves the ovary. It is then called a

germinal vesicle, because the chromatin condenses, which leaves the

nucleus appearing as a large clear hollow spot. The nuclear wall now
breaks down and forms the first polar spindle. This rotates into position

and the primary oocyte is ready for its first maturation division, and

later, for ovulation.
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Second Period. (Ovulation, maturation, and fertilization.)

The coordination of different functions in the body is well shown
by the fact that at about the time a completed egg is ready to pass into

the oviduct, the region of the ostium of the oviduct becomes very active

and actually seems to grasp the ovarian follicle which contains the pri-

mary oocyte. This may be due to muscular, or ciliary, action or it may
be a combination of both. The follicle then ruptures, permitting the

egg to be thrown out. It seems that the pressure exerted by the con-

traction of the fringed end of the ostium may have something to do
with such rupture. The throwing out of the eggs from the follicle is

called ovulation. The oocyte always enters the infundibulum of the

oviduct with its chief axis transverse to the long axis of the oviduct, and
throughout its entire passage down the tube, this relation is retained.

After the sperm have been injected into the female, they make their

way up the oviduct toward the ovar}^, seeming to gather at its end.

They may remain alive and function for at least two weeks, sometimes
even longer. It will thus be noted that as soon as the egg has been

discharged from the follicle and has been taken into the oviduct, there

are millions of sperm floating about in the fluid surrounding it. A
single egg of the hen, unlike that in most animals, has from five to

twenty-four spermatozoa enter it. Such a process is known as

polyspermy. Polyspermy is abnormal in most animals, but it is the

normal condition in the hen. The egg is now fertilized. The sperm
apparently affords the stimulus which causes the egg to begin dividing

and to form an embryo.

The egg, after the entrance of the various spermatozoa, is not yet

completely mature. A process of maturation now takes place.* This

means that the egg divides into a larger and a smaller portion, both of

which portions may again divide into two parts. All of the smaller

portions degenerate, one large portion alone developing into a complete,

fertilized, hen's egg. The purpose of the small polar bodies (as the

degenerating portions are called) is to throw off one-half of the

chromatin in order that the new-born young may be a normal indi-

vidual like its parent, as explained in our studies of mitosis, maturation,

and genetics.

After the second maturation division, the remaining nucleus unites

with a single sperm nucleus to form the first cleavage spindle, and the

egg is now ready to begin dividing and form a true embryo.

Third Period. (From the beginning of cleavage to the time the

egg is laid.)

It must be remembered here that the fertilized egg, which is to

become the embryo, is present in the hen's body quite a number of hours

before the egg is laid ; in fact, from one to one and a half days before the

various layers of white and shell have encircled it. The heat from the

*In many animal-forms maturation takes place before ovulation; in some it begins before ovula-

tion but is not completed until some time after.
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mother's body has caused the embryo to begin to form, so that by
the time the egg- is laid, the embryo is already many hours old. It is,

therefore, essential that the student understands in detail, exactly what
has already happened in the mother's body before the egg passes to

the outer world.

The first cleavage furrow can be seen about three hours after the
ovum has been discharged from the follicle. During this period the egg
has passed along the entire glandular portion of the oviduct. The glands
themselves have secreted the most dense portions of albumen and also

the chalazae. The yolk was already laid down before ovulation. The
egg is carried along principally by peristaltic action of the walls of the
oviduct. Then, as the egg itself rotates, the germ disc comes to describe
a spiral path, which explains the spiral arrangement of the albumen
around the yolk. The egg then traverses the isthmus for approximately
an hour, where the shell membrane is secreted over the dense albumen.
The fluid layer of albumen is secreted both in the isthmus and the
upper part of the uterus. The fluid layer of the albumen passes through
the shell membrane which has already been laid down, and it takes
from five to seven hours after the egg enters the uterus before this is

completed. But, before this takes place, the shell substance itself has
already begun to be laid down on the shell membrane. Usually twelve
to sixteen hours are necessary to complete the passage through the
uterus and vagina. At the end of this time twenty-one to twenty-seven
hours have already elapsed since ovulation took place. Gastrulation has
begun, and the egg is laid.

We have already mentioned that, if the egg reaches the vagina,
ready to be laid, during the main portion of the day, it will be laid on
that day. If, however, it should be ready for laying after four or five

o'clock in the afternoon, it will be retained in the vagina until the fol-

lowing day, thus causing some embryos in freshly-laid eggs to be
approximately twelve hours older than others. It is for this reason that
there is always considerable variation, even when eggs have been incu-
bated for the same number of days.

TABLE (After Kellicott) SHOWING THE CHIEF EVENTS
THE EARLY HISTORY OF THE HEN'S EGG

IN

Hours after

Ovulation

to 3

Location in

Oviduct
Infundibulum

Glandular

Portion

Action of Oviduct

Reception of Ovum

Secretion of chala-

zae, chalaziferous

and dense albumen
layers.

Action of Germ Disc

Maturation and Fer-

tilization.

First cleavage fur-

row.
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3 to 4 Isthmus Secretion of shell Formation of eight

membrane and cells.

fluid albumen.

4 to 21 (27) Uterus and Secretion of shell Gastrulation begun,

Vagina and fluid albumen. or c o m p 1 e ted if

Retention prior to egg is long re-

laying. tained.

With what has just been said in mind, the developmental processes

of an embryo become more understandable. The unicellular germ disc

is composed of a very definite area at the animal pole. The disc itself

is about three millimeters in diameter, and less than five-tenths milli-

meters in thickness. Directly beneath this disc, there is a merging of

the protoplasm with the white yolk. This well-marked region is called

the nucleus of Pander (Fig. 251, P), and this connects the central white

yolk by a narrow stalk called the latebra. It is necessary to study all

the figures carefully to understand these and successive terms, and to

grasp the relationship of each to the other.

There are two regions in the disc itself : the larger central portion

Fig. 257.

Cleavage. Upper Row, Amphioxus. (After Hatschek.) 1, Unfertilized egg; 2,

stage of two blastomeres ; 3, stage of four blastomeres; 4, stage of eight blast-

omeres; 5, stage of seventy-two blastomeres; 6, section of blastula; p.b., polar body.
Middle Row, Frog. B, segmentation cavity, v, nucleus. Lower Row, Hen's tgg.

(After Patterson.) Surface views of the blastoderm and the inner part of the

marginal periblast only. The anterior margin of the blastodisc is toward the top

of the page. A. Two-cell stage. About three hours after fertilization. B. Four
cells. About three and one-fourth hours after fertilization. C. Eight cells. About
four hours after fertilization. D. Thirty-four cells. About four and three-fourths

hours after fertilization. E. One hundred and fifty-four cells upon the surface;

the blastoderm averages about three cells in th'ickness at this stage. About seven
hours after fertilization, ac, Accessory cleavage furrows; m, radial furrow; p,

inner part of marginal periblast; iac, small cell formed by the accessory cleavage
furrows.
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which is to form the blastoderm proper, and the narrow denser area

known as the periblast, which forms the outer margin. The periblast

is continuous with the membrane covering the yolk, peripherally.

In the center of the germ disc, the first cleavage furrow appears.

(Fig. 257.) It is short and shallow, running about one-half the diameter

of the disc. We do not know whether the first cleavage extends

directly through the central portion of the embryo. The main embry-

onic axis lies almost at right angles to the long axis of the whole egg,

the head end of the embryo being directed toward the left when the

sharp end of the egg is held pointing away from the observer. The first

cleavage plane does not seem to have any definite relation to either of

these axes.

The second cleavage is also vertical and almost at right angles to

the first, so that we have four adequal cells, all, however, incomplete.

The third cleavage appears about an hour after the first. This is usually

parallel with the first. It divides the disc into two rows of four cells

each. This cleavage may be quite irregular in form, and from now on it

is impossible to tell exactly how and when, in relation to time especially,

these egg cells divide. Consequently, after they have divided and formed

sixteen cells, all of these cells are very irregular, and there is a tendency

in the fourth cleavage plane to separate the eight cells into a central and

a marginal group.

Fig. 258.

Diagrams showing the blastulae: A, of Amphioxus; B
of frog, and C, of chick; D, blastodermic vesicle of mammal.
(After Semon.)

The group of central cells becomes circumscribed and must not

be confused with the marginal cells which remain incomplete both

below and distally, retaining their connection with the periblast. These
central cells have been separated by a horizontal cleavage plane, and

this cleavage plane separates the more superficial cellular elements from



24 Embryology of the Chick

the underlying undivided substances, leaving a little space, which is the
beginning of the segmentation cavity or blastocoele (Figs. 257, II B, and
258). The undivided substance beneath is called the central periblast,

the original periblastic region being now known as the marginal peri-

blast. Both of the periblastic regions retain their connection with each
other peripherally in the deeper regions of the marginal cells.

The question that may arise here is, "What has become of the

accessory or supernumerary spermatozoa?" Between the time of fer-

tilization and the first cleavage, these have formed nuclei which migrated
to the outlying portion of the blastodisc. There they probably divided

once or twice to form small groups of daughter nuclei. There even
seems to be an attempt of the cytoplasm to divide, and sometimes short

superficial growths are actually formed. These are called accessory

cleavages. They can be seen during the four and eight cell stage,

usually radial in direction, lying just across, or outside, the margin of

the blastodisc. No true cells, however, are formed by such cleavages.

The accessory sperm nuclei all degenerate rather rapidly, the accessory

cleavages fading away, so that by the time the embryo has reached the

thirty-two cell stage, no traces of these accessory structures can be

found at all.

As cleavage continues, the number of central cells increases very

rapidly by the marginal cells, dividing and being added to the central

cells, although the central cells divide likewise. This latter multiplica-

tion is very rapid, the cells diminishing in size. For example, cleavages

appear in the central cells, causing the roof of the blastocoele to become
several cells in thickness. No cells are added to the germ disc from

the floor of the segmentation cavity. The continual cutting off of

central cells from the marginal cells causes these latter to be consid-

erably shortened, until finally they are limited to the extreme margin of

the blastodisc only.

After division has taken place so that two or three hundred cells

have been formed, there are intercellular furrows extending out into the

marginal periblast. Up to this time, there have been no nuclei what-

ever in either central or marginal periblast, but two areas, which are

continuous, now become converted into a nucleated syncytium. Our
knowledge of this developing process comes from the study of the

pigeon. It has not been worked out in the chick. The process is some-

what like this : The marginal cells have become spherical in form, by

having the central cells cut off from them. Their nuclei now divide,

although the cytoplasmic divisions are either completely lacking or do

not completely divide. The free nuclei, therefore, become quite exten-

sive in the margin of the blastodisc, and as these nuclei continue multi-

plying, they wander off into the marginal periblast so that nuclei are

scattered about quite thickly, though the structure itself is non-cellular.

Some of the nuclei also migrate inward below the blastodisc, so that

the central periblast is likewise converted into a nucleated structure
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with the exception of the middle area above the nucleus of Pander.

This area continues to remain free from nuclei ; in fact, what is later

to be known as the germ wall, is partly composed of the nucleated rim

of the periblast.

The blastoderm, which is rather circular, extends radially, both on

account of the growth of its own cells, and by the addition of cells from

the marginal periblast. The original region of the blastodisc becomes
thinner and transparent. It is then called the area pellucida. The cir-

cular margin, which is derived from the periblast, is called the area

opaca. The ring-like periblast keeps on growing, while additional nuclei

are formed peripherally. At the same time, the periblast is contributing

cells to the blastoderm also, so that the blastoderm steadily increases

in diameter. The inner nucleated margin of the periblast, which later

becomes cellular, contributes to the later extra-embryonic tissues and is

called the germ wall. The cells of the blastoderm later extend periph-

erally so that they overlap the inner margin of the germ wall, to form
a narrow region, transitional between pellucid and opaque areas.

It should be noted here that the lower surface of the periblast is

directly continuous with the yolk mass, and peripherally it is continuous

with a very thin superficial tissue of protoplasm. This latter is also

often referred to as a part of the germ wall.

As soon as the blastoderm has become thinned out as mentioned
above, the blastula stage is completed.

It is well at this point partially to summarize the development
through the morula and blastula stage before taking up gastrulation.

THE MORULA STAGE

While text-books usually speak of an "end" to the segmentation

process, it must not be supposed that the cells of the embryo stop

dividing. The whole process is continuous, and the word "end" here

means only that the general process of cell-division is now "general"

no longer, but that differentiation begins. The ending of the segmenta-
tion stage means only that one can from this period on, find a grouping
or aggregation of cells which are not all alike.

In eggs in which there is but little yolk (therefore not in birds'

eggs), the segmentation results in a rounded, closely packed mass of

embryonic cells (blastomeres), called a morula. This name has been
given such a cell mass because it resembles a mulberry. This morula
stage, in eggs with little yolk, corresponds to the stage at the "end"
of segmentation in the chick embryo. At this time the embryo is a

simple disc-shaped mass of cells, several layers in thickness. This whole
mass is the blastoderm. It lies closely applied to the yolk.

The cells in the center of the blastoderm are smaller and quite

clearly defined, while the surrounding or peripheral cells are flattened,

larger, and in more intimate contact with the yolk beneath.
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BLASTULATION
The "chick embryo remains in the morula stage for a very short

period, then there is a rearrangement of cells preliminary to the blastula

formation. First, a cavity forms beneath the blastoderm due to the

smaller central cells separating from the underlying yolk. The outlying

cells remain attached. This space is called the segmentation cavity, or

blastocoel, while the marginal area of the blastoderm, which remains
attached to the yolk, is called the zone of junction. As soon as the

segmentation cavity is thus formed, the embryo is said to be in the

blastula stage.

From Figure 259, which shows only the blastoderm and a portion

of the yolk (the yolk being about three feet in diameter at this mag-
nification), a good understanding may be had of the difference which
a larger amount of yolk makes in the blastula-formation.

In eggs with little yolk, a definite morula or solid sphere of cells can

easily form, which may then develop into a hollow sphere or blastula.

But in eggs with a large quantity of yolk, as in the pigeon and the chick

(Fig. 258), the blastomeres are forced to grow on the surface of the

area opaca
SECTION AT c-c W C

Fig. 259.

Diagrams to show various stages in the gastrulation of a bird embryo. In
the surface-view plans, the blastoderm is supposed to be transparent so the under-
lying structures may be located. A, surface view of blastoderm, just before

invagination; B, surface view of blastoderm, invagination well advanced; C, surface

view of blastoderm at end of gastrulation; D, vertical section through blastoderm
of stage represented in A; The plane of section is indicated by the line a-a in A.
E, vertical section through blastoderm of stage represented in B. The plane of the

section is indicated by the line b-b in B. F, vertical section through blastoderm
of stage represented in C. The plane of the section is indicated by the lines c-c

in C. (From Patten, after Patterson's figures for the pigeon.)
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yolk, which is the mechanical reason for the disc-shaped blastoderm
being where it is arid what it is in the bird's egg. That is, if the large

yolk of a bird's egg were removed and the blastoderm were allowed to

assume the spherical shape which it would naturally take due to surface

tension, there would be a decided similarity between the disc-shaped

blastoderm and the ordinary morula stage of eggs with little yolk, such
as in Amphioxus and in man.

Not only does the great quantity of yolk make this change in the

morula stage, but it is evident that a large amount of yolk does not

permit a simple hollow sphere formation by any method of cell arrange-

ment. Nevertheless, the central cells do separate somewhat from the

yolk and form the slight segmentation cavity mentioned above.

Imagining, now, that the yolk could be removed and the ends of the

blastoderm drawn together, we should have a true blastula form of the

simpler type.

GASTRULATION

It is essential that one remember that a large quantity of yolk will

make a considerable change in the process of gastrulation. The simpler

Fig. 260.

Gastrulation in egg with different quantities of yolk. 1-5, Amphioxus (little
yolk); 6-8 Amphibian (moderate amount of yolk); 9-10, Birds (large amount of
yolk); blc, blastocoele; future dorsal side; ect.. ectoderm; end., entoderm; ent. and
ach., archenteron; bl[^., blastopore; y.p., yolk plug. (After various authors.)
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A to D. Diagrams illustrating the idea of

confluence (concresence) as applied to the chick.

The central area bounded by the broken line rep-

resents the area pellucida; external to this is the
area opaca, showing the germ wall (G. WS), zone,

of junction {Z.J.), and margin of over-growth
{M.O.), m.n.. Marginal notch.

E to G, Diagrammatic relations of the germ
layers at the time the primitive streak is formed
by concrescence of the blastoporal margins. E,
section of stage B; F, section of stage D; G,
section through blastoderm of a 16 hour chick
embryo. (^A to D from Lillie's "The Development
of the Chick," by permission of Henry Holt &
Co.)

forms are brought about by an

inpushing of the outer layer of

the blastula as though one were
indenting a rubber ball. This

forms a two walled (ectoder-

mal and entodermal) cup with

a cavity in the center, called a

gastrocoele. The opening itself

is known as the blastopore

(Fig. 260).

In birds with a large

amount of yolk, the blastula

cannot indent completely into

the blastocoele, due to the fact

that the disc-shaped blasto-

derm is not a true hollow
sphere. The very small blas-

tocoele formed between the

blastoderm and the yolk, allows

but little infolding. The blas-

topore in the case of an in-

dented sphere is relatively

large. In the chick there is but

a tiny blastocoele, while the

blastopore is but a small cres-

cent-shaped slit at the margin
of the blastoderm (Fig. 251, C).

This slit is to be thought of,

however, as similar to the reg-

ular round opening in simpler

forms, which has been pushed
together by the yolk not yield-

ing. The infolding entoderm is

also naturally compressed and
flattened by the tiny blas-

tocoele into which it can grow.
In fact, the lower layer of the

infolding entoderm seems to

be prevented from growing
normally by the unyielding

yolk, and so is broken and lies

on the yolk as scattered cells.

These scattered cells then
shortly disappear so that the

yolk itself forms the floor of

the gastrocoele.
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Figure 260 presents a diagrammatic scheme which makes it possible

to see the general outlines of gastrulation in eggs with varying quan-

tities of yolk.

The zone of junction, where the peripheral region of the blastoderm

remains attached to the yolk, is called the area opaca, because when the

blastoderm is removed from the yolk-surface for laboratory study, the

yolk is so closely attached to this region that it adheres to the blastoderm

and renders the area more opaque. The more central portion, which
has no yolk attached, is more translucent and is, therefore, called the

area pellucida.

The area opaca later differentiates into the following three more or

less distinct zones (Fig. 261) :

(1) The margin of overgrowth, a peripheral zone where rapid

proliferation pushes the cells out over the yolk without their adhering

to it.

(2) The zone of junction, having an intermediate zone in which
the deeper lying cells have no complete cell boundaries, so that they
form a syncytium which blends (without a definite boundary) with the

superficial layer of white yolk to which it adheres by many penetrating

strands of cytoplasm.

(3) The germ wall, an inner zone made up of cells derived from
the inner border of the zone of junction, which have acquired definite

boundaries and become more or less free from the yolk. Numerous
small yolk granules are usually found in the germ wall, due to the fact

that these were contained in the cytoplasm when they were still con-

nected with the yolk as cells of the zone of junction. It is the inner

margin of the germ wall which separates the area opaca from the area

pellucida.

When the chick embryo is ready for gastrulation, there is a thinning

of the blastoderm at the caudal margin with a consequent freeing of the

blastoderm at the caudal margin from the yolk (Fig. 259, D). In a

surface view, the crescent shaped gap in the posterior quadrant of the

zone of junction marks the separation of the blastoderm from the yolk

(Fig. 259, A). The blastopore is that region where the blastoderm is

free from yolk and where it is likewise very thin.

It will be remembered that cell proliferation is continuous through-
out the entire blastoderm. The surface extent has now become much
greater by a general spreading out of the peripheral margins over the

yolk, but this extension, while taking place uniformly at the margins,
varies at the blastopore. This being at the posterior free end of the

blastoderm, the cells, as they proliferate, grow inward to form the ento-

derm. Once this differentiation has taken place, the part of the margin
forming this entodermal portion takes no further part in the peripheral
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expansion, although this entodermal part grows back toward the center
of the blastoderm, leaving the blastopore region behind. The marginal
region continues to grow and soon encloses it, so that by the time the
blastopore comes to close, it lies within the recomputed circle of the
germ wall (Fig. 259, C).



CHAPTER II

THE PRIMITIVE STREAK AND ORIGIN OF THE MESODERM

ALL that has been described so far has actually taken place before

the tgg is laid. The real beginnings of a distinguishable embryonic

area may be said to start with the primitive streak. While there are

various theories as t6 just how this thickened streak is formed, the most
logical and intelligible is that it is a thickening formed by the two lips of

the blastopore meeting and growing downward.

To make this clear, the student will remember that throughout this

entire work, the blastula has been considered a hollow sphere com-

posed of a single layer of cells, and the gastrula was this same hollow

sphere after it had indented so as to form two layers. The opening

where the indentation took place was called the blastopore.

In the chick-embrvo we are to

ff/uMi fsland

think of this blastula, however, not

as a sphere, but as sausage-shaped,

Avith the indentation taking place

from about the center of the long

axis to one end. Thus we do not

have a round blastopore, but an
elongated one. And it is the closing

of the lips along this elongated slit

which forms the thickening called

the primitive streak (Fig. 262). It

is clearly seen at sixteen hours oi

incubation, not only as a thickening,

but as an indentation—the primitive

groove—with ridge-like thickenings,

Hanking each side and extending
from the area opaca to almost the

center of the blastoderm. The part lying closest to the area opaca is

the caudal end, and the direction of the streak forms the long axis of

the embryo. At the cephalic end of the primitive groove there is a

deepening, called the primitive pit, and directly anterior to this the two
lips of the primitive folds meet in the midline to form a small rounded
elevation, known as Hensen's node. This node serves as the region of

demarcation separating the fast disappearing primitive streak from the

notocho;-d, which forms cephalad to it in the long axis of the embryonic
area. The growth of the embryo is much greater headward than cau-
dally or laterally, so that the anterio-posterior axis becomes considerably
elongated.

Fig. 262.
Dorsal view of 16 to 20 hour chick embryo

showing primitive streak, primitive groove,
primitive node, beginning o£ neural groove,
blood-islands, and extent of mesoderm. (After
Duval.)
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The lips of the blastopore form a region of rapid cell proliferation,

though all the cells look quite alike. Nevertheless, it is from these

rapidly proliferating cells that the various germ layers are derived.

Figure 263 shows an enlarged longitudinal, as well as a cross section
of an early embryo. As. the lips of the blastopore grow closer and
closer together, they finally fuse, forming the primitive streak. Ecto-
derm and entoderm cannot be distinguished, but from the thickened
approximation of the lips of the blastopore there is an inward growth of

•^•^^
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Fig. 263.

A. From medial longitudinal section through embryonic disk of Chick. Bonnet.
B. From transverse section through Hensen's node-—germ disk of chick of 2

to 6 hours' incubation. Duval. For lettering see Fig. C.
C. From transverse section through primitive groove—germ disk of chick of 2

to 6 hours' incubation. Duval, arc, Archenteron; ec, ectoderm; en., entoderm;
l.b., lip of blastopore; p.g., primitive groove; y., yolk; y.p., yolk plug.

a single layer of cells, now called entoderm, and from between these two
layers some rather loosely arranged cells form a third layer, considered

the primitive origin of what is later to be called mesoderm.

At the same time this mesodermal outgrowth appears, the dipping
down of the outer layer occurs to form the primitive groove.

The three layers which have thus been established are very impor-

tant because in all forms of animal life so far studied, there is a decided

similarity in the origins and development of the various organ systems.

Therefore, an understanding of the way the germ-layers and the organ
systems arise, alone permits an understanding of the ever-increasing

perplexities coming forth as these in turn develop further.

In our study of comparative anatomy we shall see why it is that
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the nervous system as well as all outer coverings of the body are derived

from the ectoderm ; why the lining of both digestive and respiratory

organs comes from the entoderm ; and why the circulatory system as

well as the blood, lymph, muscle, and connective tissue (except neu-
roglia) are derived from the mesoderm.

The primitive streak, relatively, seems to become pushed further

and further tailward, but this is due to the greater growth in the cephalic

region of the embryo. (Compare Figures 262 and 264.)

The entoderm spreads out as a very definite layer of cells, and
merges peripherally with the inner margin of the germ wall, even over-
lapping it slightly. The little cavity between the yolk and this ento-

dermal layer, which has been called the gastrocoele, will henceforth be
known as the archenteron or primitive gut (Fig. 265). The student is

not to look for a cavity in his sections, however, as the yolk in this

region, by the very fact that it is separated
from the entoderm and forms the floor of
the primitive gut cavity, will not adhere to
the embryo when it is removed for section-
ing purposes.

At eighteen hours of incubation the cell

boundaries of the germ wall cannot usually
be seen, though there are many nuclei and
yolk granules, the latter in various stages
of absorption. Because the nuclei^ of the
germ wall arise by division of the nuclei of
the cells lying at the margins of the expand-
ing blastoderm, it is assumed they are
instrumental in breaking up the yolk in

Surface view of a twenty-one hour crl^m-nr-f^ r\f +Ua o4-*.,%r^1 ^-C ^t i-
chick embryo, in which the head-fold

advaucc ot the amval of the spreadmg
and first pair of primitive mesoder- entoderm about the volk Spheremal segments are present. (After <- i. xv, j' wixv oj^nv^ic.

^"^^^•^
^

_

At about twenty-two to twenty-three
hours of incubation a pocket of entoderm can be seen in the anterior
region by examining the whole mount, and focusing through the ecto-
derm. This is the first formation of a gut floor in addition to the yolk.
It is the yolk which has been answering that purpose up to this moment.
This pocket forms the fore-gut.

The mesoderm grows laterad and then extends cephalad, so that
an area between the two cephalad growing portions of mesoderm is

formed. This area is called the proamnion (Fig. 266, P) and is merely
an open space, which must not be thought of as forming the later true
amnion. It is to be noted primarily, because it permits a better study
of just how the mesoderm grows in relation to it. It will be well to
observe the difference in this space in eighteen and twenty-three hour
embryos.

As the mesoderm begins its growth where it does, there is none of
it in the midline except posterior to the primitive streak; but immedi-

Fig. 264.
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ately on each side of the midline, the mesoderm is quite thickened,
thinning out as it extends toward each side. The dorsal mesodermic
plates are to develop from these thickened portions of the mesoderm,
and as they will then segment, they are called segmental zones of

mesoderm. The first somites will appear cephalad to Hensen's node,
extending caudally along each side of the primitive streak and becoming
less and less distinct.

Aitiklcrm <ij tmin yi'Uit, dt^o Bltistopon

'CampUlioii pi

Fig. 265.

From medial vertical sections through embryonic disk of lizard,

showing five successive stages in gastrulation (Wenckeback.
Bonnet).

It is important to note here that the sheet-like layers of mesoderm,

so characteristic in the mid-body region, do not extend to the head region

of the embryo. The mesoderm of the head region develops from quite

definitely organized layers immediately behind the future head. The
reason that the mesoderm of the head is separate in origin from that of

the remaining portion of the body, may be accounted for by the fact that

the head is not segmented as is the mesoderm of the body-region.

" THENOTOCHORD

From the cephalic end of the primitive streak the rapidly prolif-

erating cells extend in an anterior manner. In non-bird-like vertebrates.
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the notochord extends from the region of the anterior lip of the blasto-

pore, so it is assumed that this is also the case in birds.

If the student will think of assumptions and incidents of this kind,

and note the manner in which hundreds of such assumptions and inci-

dents must be gathered from all angles and from hundreds of experi-

ments by hundreds of different investigators, to make such a study as

embryology possible, he will obtain at least some slight appreciation of

what scientific investigation means and what scientific method means.

In reading the literature on the subject, the student will note that

probably most writers insist that the notochord develops from the ento-

derm, though there are those who believe that it comes from either of

the other two layers, and some even that it comes from all three.
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Fig. 266. B

A.—Surface view of Embryo at the Twenty-third Hour of Incubation.
A., anterior limit of head; AP., area pellucida; AV., area vasculosa B.,
border of mesoderm; C.A., yolk crescent; H., Hensen's node; P., proamnion;
PP., primitive streak; PV ., mesoblastic somites; St., sinus terminalis bounding
the vascular area; U., unsegmented mesoderm. /, region where the medullary
folds have almost met to form the medullary canal.

B.—Anterior part of the preceding figure more highly mag'nified to show
details. A, ectoderm of anterior end of head; B, mesenchyme; C, subcephalic
pocket: 1, region where the medullary folds will begin fusing to form medullary
canal; 2, margin of the anterior intestinal portal; 3 and 4, posterior regions
of medullary folds; 5, lateral limits of head region; 6, border of foregut.
(From Duval.)

In all forms studied, however, the notochord is not seen to arise

from any definite layer, but it arises either at the same time the meso-
derm does (Fig. 267), or from the undifferentiated growth of cells about
the closed blastopore which gives rise to both entoderm and mesoderm.

The notochord itself is a rod-shaped structure, circular in cross sec-

tion, extending headward from Hensen's node.

THE NEURAL PLATE
A thickening of the ectoderm at about eighteen hours' incubation

causes a greater density along each side of the notochord. This denser
area is several cells in thickness, and forms what is called the neural or
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medullary plate. From Hensen's node caudad, the lateral portions of

the medullary plates diverge into thickenings on each side of the primi-

tive streak.

At twenty-one to twenty-two hours the outer portions of the neural

plate bend dorsally toward the midline and form the neural or medul-

lary groove; the ridges thus formed are called the neural or medullary

folds (Fig. 266, B). This is the first dififerentiation of the nervous

system.

After this period of incubation the denser portion which has formed

by the cell differentiation mentioned above, is called the embryonal

area, and the outer peripheral region of the blastoderm is called the

extra-embryonic area, because from this extra-embryonic region arise

those structures which are not part and parcel of the embryo itself, but

serve as protective and nutritive layers.

At this period the anlage of the head appears as a rounded elevation

with a definite crescent-shaped head-fold, the first definite boundary of

the growing embryo.
It is Avell at this point to

t WWmmMWLmM!MiM^ms>x .-^r^^m^
know what is to become of the

mesoderm, so as to have several

landmarks which will stand us in

^'^^"^'^^^^^B^^^^^S^^H^^^^ good stead.

In the earthworm, it will be
p.' 267 recalled, the entire animal is seg-

Sagittal section through region of primitive mentcd, that is, COmpOSCd of
node and caudal end of chorda! canal of guinea metamereS ; while in the frOg",
pig (13>4 days after fertilization) to show be- '

^
^ ^S'

ginning of notochordal cells and ectodermal cells in segflTientation S h O W S itSClf Ori-
one layer. Ect., ectoderm; ent., entoderm; ch.c, . . . ,

- ^
chordal canal, dorsal and ventral wall closing manly lU the SplUal COlumU.
lumen; pr.pt., primitive pit, (After Ruber in The
Anatomical Record, April 20, 1918.) Jj^ ^^^^^ Carthworm and frOg

the segments are composed of an outer layer of ectoderm, an inner layer

of entoderm, and a middle layer of mesoderm.

When one speaks of metameres, one always means segments lying

one behind the other, but now we must think of a sort of segmentation

also in each metamere, one below the other (Fig. 268). In fact, this we
must do if we are to understand that which follows.

Figure 268 shows a combination transverse and longitudinal

arrangement of metameres with the mesoderm divided into an outer

(somatopleure) and an inner (splanchnopleure) layer, and the segments

also divided horizontally.

The more dorsal portion of the horizontal divisions is called an

epimere, the mid-portion a mesomere (which is the beginning of the

excretory system), and the more ventral portion is known as a hypomere.

The whole metamere is called a mesomeric somite.

In vertebrates, as we have seen, segmentation is observable pri-
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marily in the region of the spinal column. Therefore, in the study of

vertebrates, such as the chick, we shall find that, while segmentation

begins along the future spinal region, only the more dorsal portion of

the mesoderm is segmented, and that only partially. The epimeres

alone, that is, the paired parts lying at the side of the notochord, are

truly segmented, though the opening in them, the epicoele, shortly dis-

appears. The mesomeres with their mesocoeles develop into the

excretory system, and the hypomeres, which have not segmented, but

whose opening, the hypocoele, is continuous throughout the entire region

where there has been any segmentation, is now to be known as the

coelom, or body cavity, into which the internal organs are to grow.

A/euKa/ 7~ui,e.

Alet'i/s to .SotnttTi

Z^afja/ Sfit'^a/ /Verve

/forta

i^ofTTrecf/'ra '^'isue i

'tSo)na top/et/fe

Coe/oni

J_: 'S/!>/f>a' ^afr^'^'o

Fig. 268.

Stereogram showing the segmentation of the mesothelium. The dorsal and
ventral walls o£ the coelom later fuse to form the dorsal and ventral mesenteries.
Al, alimentary canal; EM, epimere; Fb, forebrain; Hh, hindbrain; M, (under
Sk.c), myotome; Mb, midbrain; MM, me^omere; sk.c, sclerotome, Sp, splanchnic
layer of the mesoderm (splanchnopleure). (Modified from Kingsley.)

It is to be remembered that epimere, mesomere, and hypomere are

composed of mesoderm only.

As the mesoderm begins to groAv laterad and ventrad, and while it

is yet unsplit into an outer and inner layer, the thickened portion lying,

on each side of the neural groove is called the vertebral plate, and the

more distal portion, the lateral plate.

The outer layer of the lateral plate, after it splits into two sheets,

is called somatic mesoderm (and after connecting with the ectoderm, the

somatopleure) while the inner layer, the splanchnic mesoderm, connects
with the entoderm and is known as the splanchnopleure (Fig. 268).

In the head region, the cells of the vertebral plate scatter and com-
bine with cells which are continually being budded off from the walls

of the fore-gut to form the mesenchyme of the head region (Fig. 269).

It will thus be seen that mesenchyme is made up of a combination of
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cells from both mesoderm and entoderm, and even of ectoderm, for,

scattered cells later join from the ectoderm of the head region.

The somites begin forming in the region of the more anterior end
of the primitive streak, the first one to develop remaining the more
anterior. The first four pair of somites take part in the development

of the hinder part of the head region of the embryo.

A further important factor to remember at this point is that seg-

mentation is fundamental,

and that consequently any
structures in the body,

which show segmentation,

only follow out some plan of

the original segmentation.

This is of value in tracing

the growth of various body-
parts, such as muscles, for

instance, in that the nerve

supply, which we shall

shortly see is also of seg-

mental origin, definitely tells

us where a muscle springs

from, because nerves always
follow muscles, and not vice

versa.

Msstnchsimai
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Fig. 269.

Figures showing the differentiation of the supporting
tissues (after Mall). A, white fibers forming in the
dermis of a 5 cm. pig embryo; B, elastic fibers forming
in the syncytium of the umbilical cord from a 7 cm.
embryo; C, developing cartilage from the occipital bone
of a 20 mm. pig embryo. Mesenchyma from the head of
a thirty-six hour chick embryo.

The somatopleure,
splanchnopleure, and coelom
become separated into em-
bryonic and extra-embryonic

regions later, although, at

this early stage of which
we are writing, they form
continuous structures

which extend laterally out

from the germ wall, and
anteriorly into the head
region.

The following structures are developed from the embryonic portion

body-wall,

gut-wall,

vascular organs,

pericardial cavity,

pleural cavity,

peritoneal cavity.
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From the extra-embryonic portion the following are developed

:

embryonic membranes and appendages,

extra-embryonic portions of the vascular system,

extra-embryonic coelom (exocoelom).

Probably the most understandable method of making much of what
has been said clear, is to use Professor Reese's method of illustration

:

''An understanding of the way in which the embryo becomes folded

off from the rest of the egg, may perhaps be obtained in the following

way: Cut out four circles of cloth, say 75 cm. in diameter, of three

different colors. Put the two circles that are of the same color together,

and then put these two circles between the other two.

"Let these superimposed circles represent a greatly enlarged blas-

toderm that has been removed from the yolk to which it was originally

Fig. 270.

Schematic diagrams showing the extra-embryonic membranes of the chick.
The egg is cut longitudinally while the embryo (which lies at almost right angles
to the egg), is cut transversely. A, embryo at about 48 hours, B, same at about
72 hours; C, same at about five days; D, same at about fourteen days. (After
Duval.)

attached. The upper layer of cloth will represent the ectoblast, the

bottom layer will represent the entoblast, and the two similarly colored
layers in the middle will represent the two layers of the mesoblast after

their separation.

"As the yolk takes no actual part in the formation of the embryo
other than as a supply of the food for the growth of the constantly
enlarging chick, it may be omitted from our model.

"Now spread the cloth-blastoderm upon a table and place under
its center a small object, such as a bottle. If now, the fingers of one
hand be pushed under one end of the bottle, carrying, of course, the three
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germ layers with them, we shall have represented the formation of the
head fold. By pushing under the cloth at the other end of the bottle,

in the same way, we may represent the formation of the tail fold; and
in a like manner the lateral folds may be formed. If these folds, the
head, tail, and lateral be pushed under far enough, they will meet under
the center of the bottle, and we shall have the bottle, with its surround-
ing layers of cloth, connected with the rest of the model by only a sort

of stalk, which is hollow and composed of the three layers of cloth. The
bottle is used simply to give a solid object around which the folding

may be more easily done, but we are to consider the space occupied by
the bottle as an empty space.

"We have now represented what is sometimes called the embryo-
sac, or simply the embryo, in contradistinction to the yolk-sac, or simply

the yolk. The embryo remains connected with the yolk throughout the

period of incubation by the yolk or somatic-stalk, and as the embryo
increases in size, the yolk-sac is, by absorption, constantly diminished.

The space occupied by the bottle, in our model, represents the digestive

tract of the chick, and is lined, as will be seen by examination of the

model, by the lower germ layer, or entoblast. The body cavity would
be difficult to represent in the cloth model, but it can be imagined to

exist as the narrow space between the two layers of similarly colored

cloth which we have just called the mesoblast.

"The formation of the amnion may be represented in our model by
lifting up with the fingers a small fold of the upper and second layers of

cloth, and pulling these two layers back over the head end of the embryo,

this fold will correspond to the head fold of the amnion. Similar folds

might be lifted up at the posterior end and at the sides of the embryo
model, to represent the tail and lateral folds of the amnion. The way in

which these folds fuse together will be explained later."

The allantois cannot be explained from the model, but can be under-

stood by studying Figure 270. It arises as a thin-walled pouch from

the posterior end of the digestive tract, and as it increases in size, it

extends around the upper side of the embryo, between the inner and

outer layers of the amnion.

Both amnion and allantois are thrown ofif at hatching, so take no

permanent part in the actual embryo.



CHAPTER III

THE FOUR TO SIX SOMITE STAGE

(About Twenty-four Hours)

AS the embryo is already well on its way in development at the

time the egg is laid, and as it has been shown that the extent of

development varies considerably on account of the retention of the

egg in the hen for an extra twelve to sixteen hours if it is not ready for

laying sufficiently early in the day, the formation of the block-like por-

tions of mesoderm—the somites—becomes the more accurate measure-
ment of the ag-e of an embryo. Chicks with the same number of somites

do not usually vary much among themselves in general, though
individual parts often do; while chicks, which have been incubated for

the same number of hours, vary considerably in all parts.

The twenty-four hour stage (four to six somites), (compare Figs.

264 and 266), is of great importance, for it is during this very early

period of the chick's life that the interesting and important differen-

tiating processes are noted. Up to the time the first four somites form,

the entire growth of the embryo from Hensen's node cephalad, has been
a formation of the head-region only.

There has been some question in the past as to whether or not
additional somites are formed anterior to the first ones thus laid down.
Professor Patterson performed an interesting experiment which seems
to warrant our saying that such is not the case.

Professor Patterson incubated six eggs up to the one somite forma-
tion period, and then with the most asceptic precautions, opened the

eggs and marked the first somite by injuring it with an electric needle,

or inserting a minute glass pin therein. - The shell was then again closed

by a small piece of egg-shell, and the eg-gs again incubated for varying
number of hours before being reopened. No new somites appeared
anterior to the injured one.

In the study of whole mounts under the microscope, it must be
remembered that reflected light, coming up from below the object, shows
different densities as darker or lighter areas. Any portions of the

embryo, which have become thickened or folded over, will, therefore,

appear extremely dark and be thus distinguished from the thinner and
lighter areas.

At the end of about twenty-four hours we then have :
•

1. Three definite germ layers. (Fig. 271.)

2. Four to five somites, forming in the vertebral plates, which vertebral

plates have separated from the lateral plates.

3. The mesoderm divided into a somatic and a splanchnic layer.
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4. The neural groove almost but not quite closed.

5. A clearly outlined fore-gut and mid-gut.

6. Clearly defined head-folds, marking the anterior limit of the embryo.

7. A definite notochord, extending from the anterior end of the primi-

tive streak to what is to become the mid-brain.

8. The pellucid area is more or less pear-shaped, and the vascular area

is seen as an inner zone of the area opaca.

9. The primitive streak is rapidly becoming relatively shorter and is

soon to disappear, the cells of which it is composed probably be-

coming rearranged to form other structures.

Transverse section through the primitive streak of a chick with six pairs of
mesodermal somites (about twenty-four hours), showing the formation of the blood-
vessels and blood. The section extends from the mid-line, nearly half across the
area vasculosa. b. Blood cells; c, coelomic spaces; e, empty endothelial tubes; ec,
ectoderm; en, endoderm; gw, germ wall; i, solid blood island; m, axial mesoderm;
s, primitive streak; si, vascular sinuses of area vasculosa; so, somatic mesoderm;
sp, splanchnic mesoderm. (After Ruckert.)

From the twenty-fourth hour on, the texture of the embryo becomes
firmer, and, whereas, it is difficult to remove an eighteen-hour embryo
without tearing. The twenty-four hour embryo can easily be removed.
All outlines also become clearer.

The anterior part of the embryonal area has thickened, and is

slightly lifted above the remaining blastoderm, as shown by the crescent-

shaped anterior boundary (Fig. 266, B). The embryo grows forward
over this crescent-shaped fold which thus comes to lie under the embryo
and forms a little pocket between the embryo and the fold called the

subcephalic pocket.

The neural folds now unite in the region of the future mid-brain,

closing rapidly posteriorly, and slowly anteriorly. The closed portion

is called the neural tube. The most anterior portion, where the neural

tube will close, is known as the neuropore, which is the region of what
is later to become the lamina terminalis. This lamina terminalis is

usually regarded as the morphologically anterior limit of the brain.

Topographically, however, this is not the case, for the fore-brain grows
forward and then bends back downward in front of the fore-gut, the

whole formation becoming bent like a shepherd's crook, so that the

morphologically anterior end comes to lie on its antero-ventral aspect.

The neural folds have a somewhat flattened crest, and these fold

inward, forming a vertical contact. The neural tube is thus formed by
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the fusion of the lower or inner margins of these surfaces, the upper

ones again forming a continuous ectoderm, so that the neural tube

becomes entirely separated from it. The cells lying between this ecto-

dermal and lower margin, and which have been derived approximately

from the apices of the neural ridges, become the neural crests (Fig. 272).

These crests do not fuse in the midline, but remain as a pair of longi-

tudinal bands along the dorsal-lateral surfaces of the neural tube, and

are the rudiments of the ganglia of the cranial and spinal nerves. They

are not uniformly developed, and appear much clearer in some sections

than in others.

Already very early in the area opaca considerable modification has

been going on. The area itself has

broadened and in both lateral and

posterior regions it is mottled. This

mottled portion is due to the form-

ing of differentiated cell groups,
forming what are called blood-

islands (Figs. 262, 264), which are

the beginning of the vascular sys-

tem. The portion of the area opaca

in which these blood-islands occur

is known as the area vasculosa. This

area vasculosa begins immediately

Fig. 272. behind the embryo, but then extends
Transverse section through the head of a i . 11 „ »^ J ^ «-, + ^«.;^-Ur ^^TUi^^

7 day Ammocoetes in the region of the tri- laterally and anteriorly, while
gennnai ganglion. (After ..« Kupffer.) around its periphery a siuglc definite

blood vessel forms, known as the sinus terminalis (Fig. 284, C). Beyond
this sinus terminalis, all the remaining area opaca consists of ectoderm
and entoderm, and extends around the yolk. It is then called the area

vitellina.

The compact cell masses forming these blood-islands have been
formed throughout the deeper portion of the germ wall, becoming cov-

ered superficially with a deep layer of scattered germ wall cells. This
superficial layer comes to be known as coelomic "mesoderm."

This superficial layer and the blood islands become continuous very
early with the mesoderm of the pellucid area derived from the primitive

streak (Fig. 273). The blood islands become hollowed out, forming
lacunae. The cells, which have formed the blood islands, become both

the blood-vessel walls and the blood cells. The lacunae then anastomose,
forming a complete network extending to meet the vascular structure of

the pellucid area and later of the embryo.

The cellular portion of the germ wall, which remains after the

coelomic ''mesoderm" and the blood islands have differentiated, forms
the rudiment of the yolk-sac entoderm, to be described later.

So soon as the extra-embryonic coelom forms, dividing the meso-
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derm into somatic and splanchnic layers, the blood vessels remain asso-
ciated with the splanchnic layer.

Just as the somites are beginning to form, blood vessels will be
found at the margin of the pellucid area, beginning to grow toward the
embryo. Only the tubular vessels develop in the area pellucida; the
blood islands, as already noted, develop in the area opaca. This means
that the cellular, or corpuscular, elements of the blood arise in the pos-

terior region of the area opaca.

b.he:

Fig. 273. E

Beginning of the vascular system in the chick embryo. A, complete blood-
island; B and C, beginning of vacuole formation; D, vacuoles becoming confluent
to form the lumen of the blood vessel, b.hem., primitive red blood cells; /, lumen;
p, vessel-wall; v, vacuole or lacunae. (After Uskow). E. A portion of the
vascular net work destined to become the aorta in the chick embryo, gv, primitive
blood forming cells; Ip, cytoplasmic lamina persisting in the lumen of the blood
vessel that has formed; mar, blood vessels; p, vessel wall; p.ac, point of enlargement
of network; vac, vacuoles. (From Vialleton.)

Professor Riickert has worked out the arrangement of the blood
vessels (Fig. 284). He says the vessels in the area pellucida are formed
by a rearrangement of small groups of cells in the splanchnic mesoderm
of the area. First, short sections of tubular vessels are formed, which
then connect with the more peripheral vessels of the opaque area, thus

forming a continuous vascular network extending toward the embryo
and finally reaching it at about the time six pairs of somites are formed.

Soon after this, vessels appear in the embryo itself, the first being

the paired dorsal aorta in the body region. These are regarded as

merely straightened axial margins of the vascular network of the area

pellucida. They diverge widely posteriorly, passing as the vitelline

arteries into the general vascular network. Anteriorly they are pro-

longed forward to the heart region where they connect with a pair of

vessels differentiated in the mesenchyme of the head.

It will be remembered that the coelom is really paired, and extends

downward ventrally on both sides until at a later period it meets in the
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ventral midline and fuses to form the one cavity which it later becomes

in all vertebrates. The crescent-shaped line where fore-gut and mid-gut

meet, is called the anterior intestinal portal (Fig. 266, B).

It is in the region of the anterior intestinal portal that the coelomic

chambers on both sides show a marked enlargement. The enlargement

of each side extends mesiad toward the other, and finally both break

through into each other ventral to the fore-gut, to form the pericardial

cavity. These enlarged regions are called the amnio-cardiac vesicles

(Fig. 274) in their early stages ; however, it is better to remember what

Ai5.

Fig. 274.

Ventral views of the head ends of chick embryos. A. Embryo with five pairs

of somites (about twenty-three hours), B. Embryo with seven pairs of somites

(about twenty-five hours), a.c.v., Amnio-cardiac vesicle; a. i. p., anterior intestinal

portal; End'c.s., endocardinal septum; FG., fore-gut; Ht., heart; My'C, myocardium;
N'ch., notochord; N'ch.T., anterior tip of notochord; n.F., neural fold, op. Ves.,

optic vesicle; p.C, parietal cavity (coelomic); Pr'a., proamnion; s.2, sA, second and
fourth mesodermal somites; V.o.m., omphalo-mesenteric vein. (From Lillie's

"Development of the Chick" by permission of Henry Holt & Co., Publishers.)

they are to become, and think of them as the pericardial region of the

coelom.

The splanchnic mesoderm is thickened at the point where it lies

closely applied to the entoderm at the lateral margins of the portal. It

is from these thickened areas that the paired primordia of the heart

will arise later.

It will thus be noted that the heart develops from the ventral and

not the dorsal aspect.

The amnio-cardiac vesicles also become vascularized quite like the

rest of the pellucid area, and a pair of ventral aortae are formed beneath

the fore-gut. Immediately posterior to the anterior intestinal portal

these vessels diverge, passing into the vascular network as the rudiments

of the vitelline veins.



CHAPTER IV

THE FIRST HALF OF THE SECOND DAY

(Twenty-four to Thirty-six Hours)

IT
IS well at this point to continue with the vascular system, and to

^ive a connected account of how the heart and the various blood

vessels are formed.

The paired primordia of the heart, already mentioned, grow mesiad

and fuse to form a thin-walled tube which becomes the endothelial lining

of the heart (Fig. 275). The muscular walls of the heart are formed by

the addition of an external layer of mesoderm. This is understood the

better by noting that the splanchnic mesoderm on each side forms a fold

around the endothelial rudiment and fuses both dorsally and ventrally

Fig. 275.

Cross section of A, through head of 2 day chick embryo in the region
of the mid brain. B, through posterior region of head at the end of 3 days.
ao, aorta; aud, otic anlage^ c, heart anlage; ch, notochord; d, fore-gut; ec.

endocardium; ect, ectoderm; ent, entoderm; g.pl., neural crest; h.h., hindbrain;
m.c, myocardium; m.n., midbrain. (After Marshall.)

in the midline. For a very short period this fusion remains on the

dorsal aspect, being called the dorsal mesocardium. The ventral fusion

forms the ventral mesocardium. The ventral mesocardium breaks away
almost immediately, the dorsal mesocardium remaining for a longer

time, but then it also disappears with the exception of the portion at

the anterior and posterior extremities of the heart. The heart is now
a short median tube made up of endothelial and rudimentary muscular

layers, suspended in a cavity, later to be called the pericardial cavity.

Anteriorly, the heart-tube is continuous with a short pair of vessels

extending into the head-fold—the ventral aortae already mentioned.
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Fig. 276.

Posteriorly the heart-tube is continuous with the vitelline or omphalo-

mesenteric veins (Fig. 276).

The two vessels of the heart (Fig. 283) come in contact so as to

form the letter V, with the point of the V toward the head of the

embryo. The arms continue fusing until a Y-shaped stem has been

developed, with the stem toward the head.

Although the two tubes unite in the manner just mentioned, their

cavities remain distinct for a short time, the endothelial lining forming

two distinct cavities until a short time after the muscular walls have

fused. The muscular walls themselves are not complete on the dorsal

side for a short time, but as soon as the tubes

have thoroughly fused, the walls also complete

their function.

It is the stem of the Y which forms the true

heart, the two arms being continuous with the large

vitelline veins which carry blood to the heart from
the vascular area. The caudal end of the heart is

then said to be venous, while the cephalic end is

known as the arterial end.

At the thirty hour period the heart is a short

straight tube attached to the ventral wall of the

fore-gut or pharynx. The point where the vitelline

veins diverge is at the hindermost angle of the head-

fold. As the head-fold is pushed farther and farther

back, the straight portion of the Y is lengthened,

but as the tubular heart seems to grow more rap-

idly than does the place to which it is attached, it

is bent into a loop, with its convexity toward the

right side of the embryo. This looping is made
possible by the fact that the heart has by this time

lost all connection with the wall of the fore-gut and
remains attached only at both ends.

It is even before this period that the heart begins to beat, the pulsa-

tions beginning at the venous end and passing to the arterial end. In

fact, the beating began before any muscular differentiation could be
observed in the heart region.

The cephalic end of the heart is known as the bulbus arteriosus.

The bulbus branches immediately into two narrow vessels, the aortic

arches, one passing upward on each side of the digestive tract to the

dorsal side of the embryo and then running tailward as the paired dorsal

aortae (Fig. 277). These vessels lie close to the notochord under the

somites, and extend as separate vessels almost to the tail, where a larger

branch than the vessel itself is given off from each. These two large

branches are the vitelline arteries, which carry the blood from the heart

back to the vascular area.

2V2
au.

Anterior region of
day chick embryo,
optic vesicle; crbl, cere-

bellum; h, heart; m.h.,
vesicle of midbrain;
med.ohl., medulla oblon-
gata; r.m., spinal chord;
U.S., primitive segment;
v.h'., primary vesicle of
the forebrain; v.o.m.,
omphalo-mesenteric vein;
X, anterior wall of prim-
itive forebrain which
later expands into the
cerebrum. (After von
Mihalkovics.)
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THE DIFFERENTIATION OF THE BRAIN REGION

At twenty-seven hours, the more cephalic end of the neural tube has
become considerably enlarged as compared with the more caudal por-

tion. The walls are thicker and the lumen larger. This portion is to

become the brain proper, and the portion in which the lumen has not
enlarged becomes the spinal cord. A picture of the brain at this time
(Figs. 278 and 282) will show three primary vesicles or lumen-enlarge-

^'^-^<^^//^^/ ?>c^/a/

Fig. 277.

Diagrammatic ventral view of a 35-36 hour chick embryo. Compare with Figtures
279 and 280. (Modified from Prentiss.)

ments together with what these three vesicles later become. The most
anterior of the three primary vesicles is known as the fore-brain or

prosencephalon. The mid portion is called the mid-brain, or mesen-

cephalon, while the most posterior vesicle forms the hind-brain, or

rhombencephalon. The rhombencephalon is continuous with the spinal

cord.

As all further developments of the brain arise from these three

primary regions, it is of the utmost importance that these primary

regions be grasped fully.
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neuromeric

enlargement

myelencephalon

position of

auditory pit

Fig. 278.

Diagrams showing neuromeres in brain region of the neural tube. A, lateral

view of neuralplate of 24 hour chick embryo. B, dorsal view of bram trom a ^o-

27 hour (7 somite) chick embryo. C, dorsal view of brain from a 30 hour (.lU

somite) chick embryo. D, dorsal view of brain from a 36 hour (14 somite) chick

embryo. £, diagram of the segments (neuromeres, myotomes, etc.) ot the neaa

in longitudinal section. A, anterior myotome;, a, abducens nerve; b, branchial

clefts; /, facial nerve; g, glossopharyngeal nerve; h, hypoglossal nerve; /, lens

surrounded by layers of eye; n, nasal pit with the terminal nerve nearby; o,

oculumotor nerve; op^, ophthalmicus profundus part of fifth nerve; os'; ophthal-

micus superficials part of the fifth nerve; ot, otocyst; s, spiracular clett; t,

trigeminal nerve; ta, truncus arteriosus; tr, trochlearis nerve; I-Vili, neuromeres,

1-6 myotomes. iA-D. from Patten after Hill, E, from Kingsley after Neal.)
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From the lateral walls of the prosencephalon the primary optic

vesicles push out as a pair of rounded pockets, the lumen of each being
directly continuous with that of the fore-brain.

The notochord extends as far as the infundibulum (Fig. 282, A),
(a depression in the floor of the fore-brain), so that all regions of the

brain lying anterior to it are called pre-chordal, while the rhomben-
cephalon, mesencephalon, and the part of the prosencephalon posterior

to the infundibulum, which lie dorsal to the notochord, are called epi-

chordal.

..
'

* ^ Prodmnion
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Prosoneephalon
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Phomboid (Sinus

Primitive Streak

Fig. 279.

33 hour chick embryo (12 somites).

As has been noted previously, the most anterior region, where the

neural tube closes, is called the neuropore. The neuropore is still

open at this time and remains so, although gradually becoming smaller

until after the thirty-third hour period, but even then, there is a scar-like
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fissure. As we know of no structure arisin^r from the neuropore, it is

important only as a sort of landmark in descril)ing the location of brain
structures.

At this time the neural tube is closed back as far as the somites, and
it is of nearly uniform diameter, although, posterior to the last formed
somites, the neural tube is still open, and the neural folds can be seen
to diverge on either side of Hensen's node (Fig. 279), leaving an opening
rhomboidal in shape. This is the rhomboid sinus.

In lower forms, there is an opening from the neural canal into the
digestive tract, known as the neurenteric canal, or posterior neuropore,
at the point where the blastopore does not close until after it is sur-

rounded by the neural folds. In the chick the primitive pit represents
this region of the neurenteric canal.

Shortly after the twenty-seventh hour period, and as soon as the
caudal end of the chick can be definitely outlined, the primitive streak

disappears entirely,

LENGTHENING OF THE FORE-GUT

The crescent-shaped margin of the anterior intestinal portal grows
more and more caudad, first because the margin from each side grows
toward the midline to fuse with the other side, thus lengthening the fore-

gut by adding to its floor, and pushing the crescentic margin caudad

;

and second, all structures anterior to the anterior intestinal portal are

elongating so rapidly that the portal is bound to lie further and further

caudad from the cephalic end of the embryo.
These two processes together cause the space between the sub-

cephalic pocket and the margin of the anterior intestinal portal to

become elongated, and it is in this enlarging space that the pericardial

portions of the coelom extend, and in which the heart comes to lie.



CHAPTER V
THE SECOND HALF OF THE SECOND DAY

(Thirty-six to Forty-eight Hours)

Pro- amnion
Prosencephalon
Amnion Head- fold

Ectoderm
Optic Vesicle

Aortic Arch
Notochord
Mesencephalon
Foregut
Bulbo-conus Arteriosus

Metencephalon
Mi^elencephalon
Auditory Pit

Mesodermal 5omite

Omphalomesenteric Vein

Neural Tube

Omphalomesenteric Artery

Lateral Mesoderm

Unsegmented Mesoderm

Primitive Plate

I

Fig. 280.

38 to 43 hour chick embryo (15 somites),

i, infundibulum; VIII, ganglion of eighth cranial nerve; A, atrium; V, ventricle.

T IS at this period that the caudal end of the embryo becomes

definitely outlined by the formation of a tail fold as well as lateral

folds similar to the head fold.
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Fig. 281.

Transverse sections through a 36 to 38 hour chick embryo. A, through forebrain; B, through

the pharyngeal membrane; C, through hindbrain and auditory placodes; D, through posterior end
of heart; E, through the intestinal portal; F, just posterior to E\ G, through the fourteenth pair

of segments; H, through the rhomboidal sinus; /, through Hensen's node; /, through the primitive

streak; K, medial longitudinal section of a Z^ to 38 hour chick embryo. (This drawing mutt be

studied very carefully and thoroughly to understand the transverse sections which are cut through
the levels marked.)



54 Embryology of the Chick

THE BRAIN
Going on from where we left off in our discussion of the formation

of the three primary brain vesicles, we find that at this period the neural

canal has completely closed, even the rhomboidal sinus has fused. The
primary vesicles have enlarged, and their lines of demarcation have

become more definite. The fore-brain has grown forward as an unpaired

vesicle from which the cerebral hemispheres are to develop. The walls

of the brain itself lie under the ectoblast, while between the walls and

the ectoblast can be seen a small amount of mesoblast which is to form

the skull.

The optic vesicles have become elongated and definite constrictions

tacoele
(ventricKIV)

thin roof of myelencephalon

mcso^netenceohalic fold

mesocoele
(Sylvian a<)u«(luct)

location of

posterior commissure

mesodiencephalic--fold

tuberculum posterius

diocoele(^vtntricle HI
)

foramen of Monro

mesocoele

(sylvian aqueduct^

myelocoele
* ventricle IV)

auditory vesicle

spinal cord

Fig. 282.

Diagrams of brain of 4-day chick embryo. Dotted lines show arbitrary

boundaries between vesicles. A, longitudinal; B, right side; C, horizontal sec-

tion. (From Patten, after V. Kupffer.)

are formed at their bases so that they now form optic stalks, which bend

downward and backward.

The cranial nerves can also be seen developing at this period.

It is at this time that the first bend or flexure takes place in the

brain, cephalad to the notochord (Fig. 282). This is the cephalic flexure.

If the neural plate be examined at the end of the first day, eleven

enlargements (Fig. 278) will be seen with definite constrictions between
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them. These enlargements are known as neuromeres and are really an

uncompleted segmentation.

The literature of Embryology is filled with many varying and unsat-

B

Fig. 283.

I. Views to show the posterior displacements of the heart in the chick embryo.
A, The heart lies ventral to the iirst segment. This is the region where the future
hindbrain will form. B, The point of bending loop of the ventricle is at the seventh
cervical segment. C, The bending of the loop of the ventricle is now at the ninth
thoracic segment. (From Corning after Duval.)

II. The development of the heart of the chick. A-E, ventral views of the

heart; A, of a forty-hour embryo; B, of a 2.1 mm. embryo; C, of a 3.0 mm.
embryo; D, of a 5.0 mm. embryo; E, of a 6.5 mm. embryo. F, Frontal section

through the heart of a 9 mm. embryo, a, Auricle; b, bulbus; d, roots of dorsal

aorta; e, median endothelial cushion; i, interventricular groove; la, left auricle;

le, lateral endothelial cushion; Iv, left ventricle; om, vitelline artery; p, left pul-

monary artery; ra, right auricle; rv, right ventricle; s, interventricular septum; sa,

interauricular septum; t, roots of aortic arches; v, ventricle. {A, F, after Hoch-
stetter; B to E after Greil.)
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isfactory theories as to what becomes of each neuromere, but as yet

nothing can be demonstrated satisfactorily. It is conceivable, however,
that as in the crayfish, for example, where we assume that each separate

appendage or pair of appendages bespeak an embryological segment,

so in vertebrates, where optic vesicles grow from the fore-brain, we may
assume a fusion of several segments.

At about thirty-three hours, the floor of the prosencephalon has a

depression formed in it, which is to become the infundibulum. This is

an important seat of future development. It must, therefore, be studied

carefully so that it can be recognized in future work.

At about thirty-eight hours, the three primary vesicles divide to

form five vesicles (Fig. 278, 282).

The prosencephalon divides into telencephalon (end-brain), and

diencephalon ('twixt-brain) ; the mesencephalon remains undivided

;

while the rhombencephalon divides into metencephalon (cerebellum and

pons), and the myelencephalon (medulla oblongata).

The telencephalon has not yet completely separated from the dien-

cephalon, but there is a median enlargement, showing where the division

will take place.

The two most anterior neuromeres of the original rhombencephalon

form the metencephalon, and the posterior four neuromeres form the

myelencephalon.

At thirty-five hours, the auditory pits begin growing as thickened

ectoderm, known as auditory placodes, on the dorso-lateral surface

opposite the most posterior inter-neuromeric construction of the

myelencephalon. At thirty-eight hours, the general level of the ectoderm

has become depressed to form a pair of cavities known as auditory pits.

The pits seem to recede until they become closed vesicles, and separate

from the superficial ectoderm, although it will not be until later that they

form a definite connection with the central nervous system.

TORSION
At about the time the cephalic flexure begins, there is also the

beginning of a twisting of the entire embryo (Fig. 280), although at

this time the twisting is only observable in the head region. The
bending of the cephalic region doAvnward is, as already stated, called

"flexion.*' The twisting of the embryo from its ventral aspect to its

side is known as "torsion."

As the yolk lies directly beneath the embryo, it can easily be under-

stood that any bending ventrad would be stopped by the large mass of

inert yolk beneath, so that, if there is to be any considerable bending at

all, the entire embryo must turn on its side. This it does in all eggs

which possess considerable yolk, though it does not necessarily come to

lie on the same side in all amniotes. The chick turns so that its left side

lies next to the yolk.

Torsion begins in the head region and gradually and slowly extends



Second Half of Second Day 57

the full length of the body, so that a whole mount, after torsion is

completed, shows the embryo lying on its left side with head and tail

close together, the entire embryo forming from one-half to about three-

fourths of a circle.

THE CIRCULATORY SYSTEM
By the end of the second day, the heart has become still more

twisted, and is now S-shaped with the venous end above and behind the

arterial end, so that both ends lie close together with the loop as an

Fig. 284.

Diagrams of the circulation in the chick embryo and area
vasculosa. The vascular network of the area vasculosa is omitted
for the most part. A. Anterior and central parts of the em-
bryo and vascular area at about thirty-eight hours ( sixteen pairs
of somites). Viewed from beneath. B. Median and anterior parts
of vascular area and embryo at about seventy-two hours (twenty-
seven pairs of somites). Viewed from beneath. C. The main
vascular trunks of the fourth day. a. Dorsal aorta; aa, aortic
arches (first and second in A, second, third and fourth in C);
ac, anterior cardinal vein; al, allantois; au, auricle; b, bulbus
arteriosus; dC, ductus Cuvieri; dv, ductus venosus; ec, external
carotid artery; h, heart; ic, internal carotid artery; la, lateral
dorsal aorta; Iv, left anterior vitelline vein; p, anterior intestinal
portal; pc, posterior cardinal vein; pv, posterior vitelline vein;
rv, right anterior vitelline vein; s, sinus venosus; t, sinus ter-
minalis; tr, venous trunks of the area vasculosa; v, ventricle; va,
vitelline artery; vv. vitelline or omphalomesenteric vein. (From
Kellicott after PopofF and Lillie.)
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intermediate portion between. The venous portion forms a swelling
which later becomes the auricles, while the arterial end also enlarges
to form the bulbus arteriosus. The point of the loop becomes the ven-
tricles (Fig. 283).

It is toward the end of the second day that the pair of aortic arches
which have bent dorsad (and continue separately as the paired dorsal
aortae) unite behind the head to form a single vessel which comes to
lie directly beneath the notochord. However, after running but a short
distance caudad, the single aorta again divides into two vessels from
which the large vitelline artery, already mentioned, is given off on each
side. The dorsal aortae, now greatly diminished in diameter, continue
into the tail.

The first pair of aortic arches formed are called the mandibular
aortic arches (Fig. 284).

A second pair now form behind the first, and before the close of

the day there may be still a third pair, all of which connect in a similar

manner to the first, with the bulbus arteriosus and the dorsal aorta.

The sinus terminalis is now also much better developed than before,

and a true circulation has been established, which can carry the yolk-

food-granules (after these have been converted into usable food) to the

embryo.

It is essential that a somewhat detailed knowledge of the circulation

be obtained.

The blood is brought to the heart by the vitelline veins (Figs. 277,

284). The heart then contracts and forces it through the aortic arches

into the dorsal aorta. Here it passes tailward, a small portion going

into the tail itself; but the greater part is carried to the vascular area.

There are two ways in which the blood now gets back into the vitelline

veins. First, it may pass directly to the veins from the arteries through

the connecting capillaries; or, second, it may pass into the sinus

terminalis at a middle point on each side, and then pass forward and

backward through this large vessel. The greater portion, however, in

this second method passes forward toward the head from where it is

returned to the heart through two large parallel vessels. The part which

passes backward is again distributed to the vascular area, as there are

no connecting vessels with the tail of the embryo. The vitelline veins

and arteries run parallel to each other, though the veins lie a little for-

ward from the arteries.

In the embryo itself, the cardinal veins are the main afferent ves-

sels. At thirty-eight hours the anterior cardinals can be seen. These

are a pair of vessels which return the blood from the head of the

embryo to the heart. The posterior cardinals are also paired, and return

blood from the caudal region.

Both anterior and posterior cardinal veins unite on each side of the

body to form a short common vessel before entering the heart, the



Second Half of Second Day 59

right and left ducts of Cuvier, or common cardinal veins. These
Cuvierian ducts then turn ventrad on each side of the fore-gut and enter

the sinus venosus at the same point the omphalomesenteric veins enter.

The omphalomesenteric veins [so called because they pass through
the umbilicus (navel) as umbilical vessels connecting the offspring with
the mother in the higher forms], are established in the chick from thirty-

three to thirty-six hours' incubation. They are postero-lateral exten-

sions of the self-same endocardial tubes which formed the heart. They
extend laterad to meet the vessels which develop in the vitelline plexus

outside the embryo, and which extend inward toward the embryo. The
omphalomesenteric veins (those lying within the embryo) eventually

become one with the vitelline veins (those lying in the extra-embryonic

area) and thus establish the afferent vessels of the vitelline circulation.

A portion of a cross section of a 54 hour chick embryo
through the solid anlage of the pronephric tubules in the
region of the beginning of the Wolffian duct. The nephros-
tomes are just beginning to form, neph.st., nephrostome;
u.n., pronephric ducts; w. Wolffian duct. (After Kolliker.)

The efferent vessels develop at about forty hours. They have a dual

origin. The embryonic vessels consist of the branches of the dorsal

aortae which extend outward, where they meet with the extra-embryonic
arteries growing toward the embryo to meet with, and become con-

fluent with, the embryonic efferent vessels, now being known as the

omphalomesenteric arteries.

It is at about the thirty-second hour that the heart begins to con-

tract irregularly, although the maximum rate (150 to 180 per minute),
is not reached until after one hundred hours of incubation.

THE PATH OF A BLOOD-CORPUSCLE
It is well to follow a corpuscle through its entire circulation at this

time. With the contraction of the heart, the corpuscle will be sent
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through the ventral aortae, along the dorsal aortae, out through the
omphalomesenteric arteries to the plexus of vessels on the yolk.

It will be remembered that various membranes surround the yolk.

These contain many small vessels which absorb the yolk. As there

must be an oxygenation of the blood, this vitelline circulation must
also assist in this function until the allantois, shortly to be described,

is formed. This aeration can be accomplished on account of the great

area these membranes cover, which permits a wide field from which to

draw the oxygen that permeates through the egg shell and the albumen
surrounding the yolk.

After the yolk has been absorbed as food-material, and the blood

has become oxygenated, the blood is collected into the sinus terminalis

and the vitelline veins. The latter converge toward the embryo from
all parts of the vascular layer, and empty into the omphalomesenteric
veins, which return the blood to the heart.

The blood which has been sent to the various parts of the embryo
has in the meantime been returned from the head region by the anterior

cardinals, and from the caudal end by the posterior cardinals, the

anterior and posterior cardinal of each side having met to form a short

common cardinal (duct of Cuvier) through which the blood flows into

the sinus portion of the heart.

There is, therefore, a mixed circulation in the heart, consisting of

both embryonic and extra-embryonic blood. The extra-embryonic, of

course, is the richer in both food and oxygen supply.

THE EXCRETORY SYSTEM

After about ten somites have been formed, the beginnings of the

excretory system are visible.

It will be remembered that the mid-region of the partially seg-

mented mesoderm, known as the mesomere, is to become the excretory

system. It can be noted first as a solid cord of cells, extending for two

or three somites (Fig. 285). This will be called the Wolffian Duct as

soon as a lumen forms.

During the second half of the second day, this solid rod elongates

both headward and tailward, the more tailward portion becoming free

and lying between ectoblast and mesoblast. A lumen appears toward

its center and extends headward and tailward simultaneously. About

the beginning of the fourth day the duct definitely opens into the cloaca.

The Wolffian body also makes its appearance on the second day, but

it will be better understood if the description is reserved until later.
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EXTRA-EMBRYONIC MEMBRANES

IT
WILL be remembered that, when the mesoderm splits into a

somatic and a splanchnic layer, it extends out over the yolk so that

there is no definite line of demarcation separating embryo from the

surrounding media. First, the head fold appears, delimiting the embryo

at the cephalic end, and later the tail-fold and lateral fold do the same for

Fig. 2U.'

Aj B, C, D, four stages of development of the embryonic membranes in birds.

al, allantois; am, amnion, (in Fig. B., this forms folds which give rise to both
amnion and serosa); am.h., amniotic cavity; d, digestive cavity; do, yolk-sac.

E. Cross section through entire egg (including shell). all, allantois which
begins developing at the blunt end of egg; am.h., amniotic cavity; coel.ex., extra-

embryonic coelom; do.s., yolk-sac showing development of mid-gut

—

do.s.d.; do.h.,

covering of yolk; l.k., air-chamber; mes.w., extensions of the mesoderm between
the communicating opening of yolk sac and amniotic cavitj'

—

pl.bl. The remaining
portion of the yolk covering {do.h) closes the passage. These mesodermal exten-

sions as well as the lower tips, at the pointed end of the eg^, close later and thus
form a closed amniotic cavity, pl.bl., amniotic cavity which develops from the
ectoderm with tiny projections on the inner side. It is in this cavity that

^
the

remaining yolk is found; pl.bl.-do.s. Communicating passage between amniotic
cavity and yolk-sac. {A, B, C, D, after Boas, E, after Duval.)

the caudal and lateral regions. After these folds have bent downward and

under the embryo, and almost separated the embryo from the yolk, we
speak of the space between the somatic and splanchnic layers as the

intra-embryonic coelom and the extra-embryonic coelom, according to

which portion lies within, and which portion lies outside, the embr}-©.

The limiting folds, which are continuous with the head fold and
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extend on each side of the embryo as the lateral folds, form the line of

demarcation known as the lateral limiting sulci.

In this chapter we are concerned with the extra-embryonic mem-
branes which are developed from the various layers in the extra-embry-

onic region. The membranes themselves are four in number: the yolk-

sac, the amnion, the serosa, and the allantois (Fig, 270).

THE YOLK-SAC
This is the first of the extra-embryonic membranes to appear. It

must be remembered that, as the splanchnopleure grows outward from
the embryo, it surrounds the yolk, thus forming the yolk-sac. The yolk
itself forms the floor of the primitive gut.

As the underfolding in the head-region separates the head from the

remaining blastoderm, it grows caudally and forms an entodermal floor

to the primitive gut, and the part which thus obtains this entodermal

floor is called the fore-gut. So, too, in the tail region a little later (about

the third day), the tail folds under the posterior end of the embryo and
the part which thus obtains an entodermal floor in that region is called

the hind-gut. The portion between fore-gut and hind-gut is the mid-

gut, which is, of course, that region where the yolk is still the floor. As
the fore-gut and hind-gut become larger and extend toward each other,

the mid-gut occupies less and less area, until there is merely a little duct

something like the small end of a funnel, the larger end of the funnel

being the extended splanchnopleure surrounding the yolk. In other

words, the mid-gut consists only of the opening of the yolk-stalk, which

latter is made up in turn of the walls of the splanchnopleure drawn
together at this point.

As the neck of the yolk-sac is thus constricted, the omphalomesen-

teric arteries and veins, which extend throughout the region where the

constriction takes place, have likewise been drawn into the constricted

area, and pass to and from the embryo through the yolk-stalk, side

by side.

The yolk is now covered with a vascular network spreading through-

out the splanchnopleure of the yolk-sac, so that the entire food supply

of the embryo comes to lie in a sac with this circulation of its own
definitely attached to the mid-body region, though as far as we know,

no yolk granules pass directly into the embryo, all of it being absorbea

by the vascular network. In older embryos, the yolk-sac even folds

considerably, so that a still greater expanse of vascular area is estab-

lished.

The white albuminous portion of the egg rapidly loses the water it

contains, and is absorbed by the extra-embryonic membranes.

Ultimately (about the nineteenth day) the yolk-sac is completely

enclosed within the embryo and then rapidly disappears until it is

entirely gone by the sixth day after hatching.
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THE AMNION AND THE SEROSA

While the splanchnopleure forms the yolk-sac, it is the somato-

pleure, lying outside the embryo, from which both amnion and serosa

are derived.

At about thirty hours, the first observable portions of the amnion

appear as a crescentic fold with the concavity toward the head of the

embryo. This fold must not be confused with the head fold of the chick

which folds under the embryo.

The head at this time sinks into the yolk to a slight degree, just as

the extra-embryonic somatopleure anterior to the head is thrown into

the head-fold of the amnion. As the embryo grows anteriorly and the

^somatopleure caudally, the amniotic fold which is thus folded upon itself,

forms a double-walled cap over the head of the embryo, gradually

extending more and more caudad. The caudally directed limbs of the

head-fold of the amnion continue growing posteriorly on each side of

the embryo, where they are known as lateral amniotic folds. These
grow dorsad and mesiad, finally meeting in the midline.

During the third day, the amniotic tail-fold develops and grows
cephalad to meet the structures just mentioned, thus forming a complete

envelop for the embryo. The place where the various amniotic folds

meet is called the amniotic raphe.

The amnion is now a completed saccular structure filled with a fluid

in which the embryo is free to move about and change its position.

In all probability this ability of free movement also prevents adhesions

and consequent malformations.

It is to be noted that the manner in which the amniotic folds came
into existence, has caused the innermost portions to be ectodermal.

This ectodermal layer is continuous with the ectoderm of the embryo.

Likewise, the manner of the somatopleure folding.upon itself, as it

does, causes two walls to cover the embryo. The inner one is the ecto-

dermal layer just mentioned, and the outer one is known as the serosa.

There is a sero-amniotic cavity between the two.

T4ie som.atopleure now extends peripherally until the entire yolk-

sac, as well as the embryo, is covered with serosa.^

The allantois extends between serosa and amnion.

THE ALLANTOIS

This structure differs from the amnion and yolk-sac in that it

develops within the embryo proper, though it does extend out into the

extra-embryonic region as it develops.

About the third day, the allantois develops by an outpushing of the

ventral wall of the hind-gut (entoderm), pushing the splanchnopleure

ahead of it, so that we may say it is composed of splanchnopleure with

an entodermal lining. The following day it pushes out of the embryo
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into the extra-embryonic coelom, the attached end lying caudal to, and
parallel to, the yolk-stalk. The proximal portion is the allantoic stalk,

while the extended bladder-like distal portion is the allantoic vesicle.

It grows very rapidly from the fourth to the tenth day, and extends

into the sero-amniotic cavity in a flattened manner. Ultimately it

encompasses the entire embryo and yolk-sac, and in so doing the

mesodermic layer of the allantois fuses with the layer of mesoderm of

the serosa which comes to lie in direct contact with it. This means that

there is thus formed a double layer of mesoderm, the serosal portion

derived from the somatic mesoderm, and the allantoic portion derived

from the splanchnic mesoderm. A very rich vascular network now
develops between these two layers, connected with the vascular circula-

tion by the allantoic arteries and veins.

The allantois thus becomes an organ of respiration, as well as of cir-

culation, to the developing embryo. As the allantois lies just beneath

the porous shell, a wide area is presented for an exchange of the carbon

dioxide developed within the embryo and the oxygen from the outer

world.

In addition to this function, however, the allantois also serves as

a reservoir for the secretions from the excretory organs of the embryo,

and likewise takes part in absorbing the albumen.

THE CHORION

The serosa will become a part of the chorioii in the higher forms,

and consequently, should be clearly understood at this point. The
allantoic vessels mentioned above and the mesoderm which lies between

the serosa and amnion, later fuse with the inner layer of the serosa to

form the chorion, which is the embryo's organ of attachment to the

uterine wall of the mother. How very important the allantoic circu-

lation becomes in mammals may be surmised by realizing that there

is little yolk in mammalian eggs, which, consequently, forces the embryo
to receive all of its nourishment from the blood of the mother through

the uterine walls. The allantoic circulation thus performs the function

of the vitelline circulation also.



CHAPTER VII

DEVELOPMENT OF THE THIRD DAY
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Fig. 287.,

64-hour chick embryo. (41 somites.)

IT
IS on the third day that more structures make their first appearance

than on any other single day of the chick's entire embryonic Hfe.

The blastod^erm itself has increased in size so that it covers almost

one-half ^^ yolk surface. The white of the ^^% has decreased in

amount so that the vascular area has been brought closer to the surface

under the shell, making aeration of the blood easier.

The sinus terminalis reaches its greatest functional activity during

this day, and the vitelline veins have been brought in close contact with

the vitelline arteries by the growth of the embryo.

The blood, which the vitelline, or omphalomesenteric, arteries bring

to the sinus terminalis, still flows headward and tailward as before. The
portion flowing toward the head returns to the embryo through two
large vessels lying parallel to the long axis of the embryo, but some-
times there is only one of these—the one emptying into the left vitelline

vein. Even if the two vessels are present, the left is the larger.

It is on the third day also that the single posterior vessel, which
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also empties into the left vitelline vein and carries blood from the

posterior region of the sinus terminalis, makes its appearance.

It will be remembered that it is during this day that the torsion of

the embryo takes place from the head region posteriorly, so that cross

sections made from the anterior end will show the embryo turned upon

its left side, while in the posterior region it still lies upon its ventral

surface.

The flexion continues also, so that the mid-brain becomes the most

antetior region of the embryo. This flexion not only brings the fore-

brain in close relation to the heart, but brings optic and otic vesicles

opposite each other. It will be remembered that the eye-pits form in

the fore-brain and the auditory pits in the medulla oblongata.

THE NERVOUS SYSTEM

All parts are growing, and have become larger than on the second

day (Fig. 288). The important new developments are as follows:

The epiphysis appears as a small evagination in the midline on the

dorsal surface of the diencephalon. It later becomes the pineal gland.

Rathke's Pocket (Fig. 301, 1) is an ectodermal invagination which

has folded in just beneath the infundibulum. This pocket soon loses its

connection with the outer epithelium and then becomes permanently

associated with the infundibulum to form the hypophysis or pituitary

body.

THE OPTIC VESICLES (Fig. 289)

It will be remembered that these were originally broad stalks

directly continuous with the cavity of the fore-brain. The cavity, or

lumen, of the optic stalks is then called an optocoele, and the cavity, or

lumen of the prosencephalon is called the prosocoele. A constriction

formed earlier is very marked at about fifty-five hours. The distal ends

have invaginated, forming a double-layered cup. The newly indented

layer is termed the sensory layer, because it is from this that the sensory

layer of the retina is to be formed. The underlying layer is called the

pigment layer, because it is from this that the pigmented layer of the

retina is to arise. The invaginated cups are often called secondary optic

vesicles to disting-uish them from the original vesicles before invagina-

tion. The original vesicles are then known as primitive vesicles.

The optic cup does not invaginate so as to form an equally rounded
edge. The invagination begins at the ventral surface and continues

dorsally and toward the midline, so that at the place where the invagi-

nation began, there is a region which has no definite lip. The cup,

therefore, looks more like a cup that has had this portion broken out.

This lipless region is known as the choroid fissure.

The invagination continues for the length of the optic stalk, thus
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forming a fissure in the stalk

along which, and in which

the optic nerves and blood-

vessels come to lie. This is

on the ventral surface of the

stalk. In the meantime, the

optocoele has practically

become obliterated, a very

small portion alone remain-

ing between the sensory and

pigment layers in the optic

cup. Even these fuse

shortly, and then the opto-

coele entirely disappears.

The eye lens arises

independently of the optic

vesicles in the ectoderm,

close to the vesicle. At
forty hours the ectoderm in

this region has thickened.

The placodes thus formed
grow toward and into the

optic cups after themselves

forming vesicles. The super-

ficial ectoderm from which
they arise, soon closes again

at the point where the lenses

have arisen, although a very

small opening may still be

seen for a short time.

It is well to call partic-

ular attention at this point

to the similarity of the way
in which the lens of the eye

and the auditory vesicle

develop by a thickening of

ectoderm, then insinking

and finally completely sep-

arating from the superficial ectoderm from which it sprang. The lesson

to be brought home, is that, once these structures have separated from
the superficial ectoderm, regardless of their original similarity, each fol-

lows a totally different line of development and differentiation so as to

become structurally and functionally unlike in the adult condition. This
original similarity and adult divergence should be noted throughout
embryological and comparative studies.

Fig. 288.

Diagrams showing brain development in vertebrates.
I>ongitudinal sections.

I. Before the blastopore closes.

II. At the time three regions can be seen.

I [I. At the time five brain regions have formed.
(Compare with Fig. 281.)

A, prosencephalon; aa, dividing line between telen-

cephalon and diencephalon; c, cerebellum; cc, cerebellar
commissure; ch, (in I and II) dorsal nerve cord; (in
III) habenular commissure;

_
^n, neurenteric canal; cp,

posterior commissure; cw, thickening on optic nerve due
to the crossing of fibers (this is the chiasma) ; D, dien-
cephalon; dd, line separating diencephalon and mesen-
cephalon; e, epiphysis; e', paraphysis; ect, ectoderm; ent,
entoderm; ff, line dividing mesencephalon and metencep-
halon; /, infundibulum ; It, lamina terminalis; M, mesen-
cephalon; Ml, myelencephalon; Ms, spinal chord; Mt,
metencephalon; np, neuropore; P, prosencephalon; p, pr,
pn, neuroporic process; pv, ventral brain-fold; R,
rhombencepalon ; r, thickening of ectoderm which is some-
times said to be the anlage of an unpaired olfactory
groove; ro, optfc recess; si, the groove (sulcus intraen-
cephalicus) which forms the hindermost boundary of the
midbrain; T, telencephalon; tp, tuberculum posterius
(After von Kupflfer.)
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In the myelencephalic portion of the brain, the neuromeres have lost

their dorsal constrictions, though they can still be seen on the lateral and
ventral surfaces, while the whole cord has thickened. This thickening

constricts the lumen so that it is quite slit-like at this time. The neural

tube has closed completely at both anterior and posterior ends at this

period.

It will be remembered that the neural, or medullary, plates have
formed, and their lateral folds have begun to unite to form the neural

groove. This union has now been completed. The ectoderm, dorsal to

ec
Fig. 289.

Diagrams of sections through the eye o£ the chick embryo at the end of the
second day. The dorsal margin is toward the top of the page in A and B.. ,A. Eye
as viewed directly. B. Vertical section through the line x-cf, in A. C. Horizontal
section through the line :v-3'. i" A. cf. Choroid fissure; cv, cavity of primary
optic vesicle; ec, superficial ectoderm of head; i, inner or retinal layer of optic
cup; /, lens; o, outer or pigmented layer of optic cup; ol, opening of lens sac from
surface of head; pc, posterior chamber of eye; s, optic stalk, continuous with the
floor and lateral wall of the diencephalon. (From Lillie "Development of the
Chick," by permission of Henry Holt & Co., Publishers.)

the groove, has ag'ain become continuous, leaving a slight area between

neural groove and superficial ectoderm.

It will also be remembered that there are small groups of cells on

each side of the midline, lying within this area, which we called neural

crests, to distinguish them from the neural folds with which they were

in close connection.

The two crests lying on each side of the midline fuse for a time, but

because they began as two separate groups, they again become separate

in a short time. They also form a sort of column on each side of the

midline, running along the long axis of the embryo, but soon they

segment and become the dorsal root ganglia, or sensory ganglia, of the

spinal nerves (Fig. 290). As the segmented portions of these neural

crests also extend into the head region, they there give rise to the ganglia

of the sensory cranial nerves.

THE DIGESTIVE TRACT
At the period we are describing, the fore-gut has extended from

the anterior intestinal portal as its posterior limit to the infundibulum

as its anterior limit. It is divided into a pharyngeal portion, lying
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ventral to the myelencephalon and encircled by aortic arches, and an

oesophageal portion, lying posterior to the pharyngeal with a much

smaller lumen than the pharynx.

At this time there is an outpushing of the ventral portion of the

pharynx and an inpushing from the ectoderm close to this region, which

will soon meet and form the mouth-opening. The ectodermal inpushing

spinal cord -

Spina! ganglion --

Ventral root -

Mixed spinal nerve _

Mj'Otome -

Sympathetic ganglion -•

Fig. 290.

Developing nerve roots in a chick of 4J^ days.
(After Neumayer.)

is known as the stomodaeum, and the thin layer of tissue between the

inpushing and outpushing, which is later to break through to complete

the mouth-opening, is called the oral plate. (Fig. 301, I, Seessel's

pocket.) It is this oral plate region in the adult which separates the

oral cavity from the pharynx.

The ^fore-gut extends into the head region cephalad to the

stomodaeum, and this portion is called the pre-oral gut. This pre-oral

gut, however, disappears shortly after the oral plate breaks through,

leaving only a small diverticulum which is then called Seessel's pocket.

The digestive tract has been lying close to the notochord up to this

time, being separated from the notochord and the aortae by a broad thin

layer of mesoderm. Now it begins to draw ventrad from this position,

remaining attached, however, by the mesentery, a constantly narrowing
band of tissue.

This mesentery is composed of mesoblast continuous with that

which surrounds the entoderm of the digestive canal. The mesoblast
consists of an undifferentiated middle layer (Fig. 291, b), in which blood
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£w.-'a 7<a>

sl»t-

Development of Digestive
Transverse section
Transverse section
Transverse section
Transverse section
Transverse section
Transverse section

Fig. 291.

Tract.
descending colon 10-mm. pig.

descending colon 14-mm. pig.

descending colon 20-mm. pig.

descending colon 25-mm. pig.

descending colon 31 -mm, pig.

descending colon 46-mm. pig.

ABBREVIATIONS
a., serosa.

b., undifferentiated middle layer.
dm., dorsal mesentery.
cm., inner circular smooth-muscle layer.
Im., outer longitudinal smooth-muscle layer.
mt., mesenteric taenia muscle band.
sp., Meissner's plexus (submucous).
ap., Auerbach's plexus (intermuscular).
sm., serosa.
subm., submucosa.
p.m., primordial mucosae cells.

N. B.—Note especially rapid increase in width of epithelial
tube and the absolute decrease in thickness of mesenchymal wall due
to tension stresses elicited by the growth of the former. (Eben J.
Carey in The Anatomical Record, Vol. 19, No. 4.)
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vessels are developed later, and a superficial layer (Fig. 291, a), of epi-

thelium, continuous v^ith the epithelial lining of the peritoneal cavity.

The w^ithdrawal of the anterior part of the fore-gut from the notochord

is slight, as little or no mesentery is developed in that region.

It is interesting to note here that the oesophagus has its lumen

closed for almost its entire length during the sixth day, only to reopen

from the posterior region anteriorly again in about tv^o days by the rapid

grov^th of the epithelial tube. This latter growls in a circular direction

on account of the outer pressure.

The portion of the intestinal tract immediately posterior to the

oesophagus becomes dilated on this day to form the stomach. This is

followed posteriorly by a short region recognized as the duodenum,

because the beginnings of the liver and pancreas can be observed.

Mesenchymal cells gather about the oesophagus and stomach from w^hich

their muscular and connective tissue coats v^ill be derived.

There w^ill be seen a small pitting-in of the ectoderm to meet the

underlying entoderm, where the anal opening is to appear. However,

this posterior opening does not open into the digestive tract until about

the fifteenth day of incubation. The indenture, which is to become the

anal opening, is called the proctodaeum.

The digestive tract is almost straight until the sixth day. Then the

various loops form and the gizzard develops as a thick-walled outgrowth

from the end of the stomach.

__ THE LUNGS
Two small hollow outgrowths from the

ventral side of the oesophagus near its anterior

end are seen on the third day, the oesophagus

itself becoming constricted at the point of

outgrow^th.

These constrictions form two divisions, the

more dorsal becomes the oesophagus ; and the

ventral portion, the trachea. At the point where
oesophagus and tracheae are continuous, the

glottis will be formed.

The trachea grows caudad and bifurcates to

form pairs of lung-buds. These lung-buds extend

outward into the surrounding mesenchyme lying

on either side of the midline. The splanchnic

mesoderm is pushed ahead of the growing lung-

buds, until it covers them and forms their outer

investment layer or pleural covering. The ento-

derm of the intestinal tract, from which the

trachea evaginated, forms the entire lining of

trachea, bronchi, and all air-chambers in the

Fig. 292.

Ventral view of lungs and
air-sacs of 12 day chick
embryo. ai, anterior inter-

mediate sac; a, abdominal
sac; c, cervical sac; I, lat-

eral part of interclavicular

sac; lu, lung; m, mesial
part of interclavicular sac;
oe, oesophagus; p, posterior
sac; t, trachea. (From
Kingsley after Locy and
Larsell.)
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adult lungs. The connective tissue stroma of the lungs, however, is

derived from the mesenchyme surrounding the lung-buds.

In the chick, as in all birds, there is a characteristic thin-walled,

sac-like outgrowth from the hinder edges of the lungs to form the

air-sacs (Fig. 292). These do not appear until about the eig'hth day.

THE LIVER
The liver arises as a ventral diverticulum from the duodenum. It

can be seen for a short time on the lip of the anterior intestinal portal,

growing cephalad toward

the fork where the omphalo-

mesentric veins enter the

sinus venosus. The liver

grows out as a series of

cords, pushing the splanch-

nic mesoderm ahead of it as

its investing layer.

The liver evagination,

as it forms, retains its open-

ing into the duodenum (Fig.

293), which later differen-

tiates somewhat to become
the common bile duct, the

hepatic and cystic ducts, as

well as the gall bladder.

Cellular cords bud off from
the diverticulum and be-

come the hepatic tubules

which have secretory func-

tions.

As the intestinal portal

moves caudad when the

fore-gut lengthens, the

proximal portions of the

omphalomesenteric veins
come tog'ether and fuse in

midline. The fusion extends

caudad nearly to the level of

the yolk-stalk, beyond which
they still remain separate.

The liver now surrounds

the fused portion of „the

omphalomesenteric veins.

It will be noticed, there-

fore, that the yolk materials

Fig. 293.

Two upper cuts are diagrams to show the development
of the liver, pancreas, and hepatic ligaments, d, intestine;
ect, ectoderm; leb, liver anluge; lig.hep.ent., ligamentum
hepato-entericum; lig.susp.hep;

^
ventral mesentery or

ligamentum suspensorum of the liver; mesent. dors., dorsal
mesentery; pancr. dors, and pancr. ventr., dorsal and
ventral pancreas. (After Schimkewitsch.)

Lower cut is a diagram to show the development of
the liver. Lobule 1 shows the principal parts of the
gall capillaries; Lobule 2, shows the anastomoses of these
gall capillaries; in Lobule 3, only the efferent bile capil-
laries are shown, together with the arterial and venous
capillaries, a, arteries; b, veins. (After Stohr.)
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must already at this early period pass directly into and through the liver.

If this is remembered, it w^ill make the adult portal circulation the better

understood.

THE PANCREAS

The pancreas arises as three diverticula from the duodenum at the

approximate level of the liver diverticulum. There are three pancreatic

buds : one medial bud, lying dorsal to the duodenum, and a pair of

ventro-lateral buds.

The median bud appears at about seventy-two hours, w^hile the two
ventro-lateral buds can be seen at the end of the fourth day. The
dorsal bud arises directly opposite the liver, and grows into the dorsal

mesentery ; while the ventro-lateral buds arise at the point where the

liver connects with the intestine, so that both the liver duct and the

ventral pancreatic duct open into the duodenum by a common duct,

called the ductus choledochus. Cellular cords grow into masses from the

three buds, fusing into one glandular mass with two ducts remaining,

although sometimes all three remain.

THE THYROID GLAND (Fig. 294)

This arises as a median diverticulum from the floor of the pharynx
at the level of the second pair of gill pouches. By the close of the fourth

day, the solid rod-like diverticulum, lying in a longitudinal position

under the floor of the pharynx, has become saccular and remains con-

nected with the point of origin as the thyro-glossal duct opening at the

root of the tongue. In mammals, there are additional evaginations at the

lateral region of the fourth gill pouch. By the sixth day, the thyroid

body in the chick becomes bi-lobed, the lobes sending out cords of tissue

which become hollowed out to form the regular adult thyroid tissue.

The gland then shifts backward and
becomes surrounded with a sheath

of vascular connective tissue.

THE THYMUS GLAND
(Fig. 294)

This organ arises from the pos-

terior faces of the third and fourth

gill pouches after the fourth day of

incubation. While the organ is orig-

inally epithelial in character, there is

soon an ingrowth of mesenchyme
and the thymus then becomes
chiefly lymphoid in structure.

294.

Diagrams to show the development of
the derivatives of the digestive tract in the
branchial region. A, Anura,_ B, lizard. cd,
carotid gland; e^-e^, epithelial bodies; Krd.
Krm, Krv, dorsal, mid, and ventral remains
of the axial portions of the gill pouches; p,
postbranchial bodies; Tml^S, Thymus anlage;
Tr, Thyroid gland; I-V, Gill slits. (After
Maurer.)
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THE VISCERAL CLEFTS AND VISCERAL ARCHES
Different parts of the embryo grow at different rates of speed, and

while the heart was formed directly under the anterior end of the diges-

tive tract on the second day, on the third day the heart has shifted its

position so far posteriorly that there is a distinct space between it and

the head proper. This space we may call the neck or pharynx.

It is in this region that the mesoderm has not divided into the two
layers—the somatic and splanchnic. We, therefore, still have a sort of

sheet, consisting of the three primitive layers of ectoderm, mesoderm,

and entoderm, extending outward from the embryo.

The entodermal lining of this neck region becomes pushed out into

four narrow pockets (Fig. 295, A), called the visceral, or gill, pouches,

during the latter part of the second or the early part of the third day.

These meet with ectodermal depressions formed as furrows which grow
inward to meet the gill pouches. The thin wall between the outpushings

and the ectodermal inpushings breaks through in the lower forms, such

as in fish and amphibia, and there remains open throughout life; but in

the chick the opening is seen in the first three pairs during the first three

or four days. It remains open for about two days. These openings, or

places where openings usually occur, are known variously as visceral

clefts, gill clefts, or branchial clefts.

As the neck is considerably curved, these clefts do not lie parallel

to each other, but converge toward the ventral part of the neck. The
fourth cleft never opens in the chick.

Numbering and naming these clefts begins with the most anterior

and continues caudad.

A «

Fig. 295.
'*\»--

A, Horizontal, and B, longitudinal section through the head region of Ainmo-
coetes (larval stage of lamprey), ao.b., anterior aortic arch; ao.d., dorsal aorta;

ao.v., ventral aorta; di, invagination which separates the anlage of the thyroid gland

from the digestive tract; m, anlage of mouth; thyr, thyroid anlage; 1, ciliated gill

region which probably becomes the spiracle; 2-8, gill pouches. {A, after Vialleton;

B, after Dohrn.)
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The first cleft is called the hyomandibular cleft, while the remaining

ones are known respectively as the II, III, and IV, gill clefts.

Between these clefts, as well as immediately anterior and posterior

to them, there is a pair of thickened regions, each pair of which meets

ventrally in the midline and merges with its mate from the opposite side

of the body. These thicknesses are called visceral arches, gill arches,

or branchial arches, also numbered from the anterior end, caudad. The
first is called the mandibular, the second the hyoid, and from here caudad

the III, IV, and V.

The hyomandibular cleft lies between the mandibular and hyoid

folds or arches.

It is well at this point to anticipate a little what is to become of

these structures later (Fig. 296).

All the clefts close with the exception of the hyomandibular. This,

too, begins closing at the end farthest from the pharyngeal opening, but

retains the opening into the pharynx. The unclosed end itself becomes
the tympanic cavity, while the remaining portion of the cleft becomes
the Eustachian tube.

The external auditory meatus is formed by a depression in the sur-

nas.gr.

a n.f.

i.n.f

max

Fig. 296.

Head oi a. SYz day chick embryo, a.n.f., lateral nasal process;
o«jy eye; bulb.ao., bulbus aortae; i.n.f', inner nasal process; k.h.^

and k.h.^ mandibular and hyoid arches; max, upper process of the
mandibular arch; nas.gr., nasal groove; st.f., frontal process; tr,nas.,
tear-duct running to nasal cavity; ventr., ventricle; v.h., forebrain.
(After Duval.) «•

face ectoderm opposite the position of the tympanic cavity. The outer

end of the closed hyomandibular cleft thus lies between the tympanic
cavity and the external auditory meatus, the tissue formed by the closure

of the cleft forming the tympanic membrane.
The most posterior two gill arches or folds entirely disappear in the

adult stages of the chick.

The pair of mandibular arches grow toward each other on the ven-

tral side and fuse to form the basis of the mandible, or lower jaw. From
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the dorsal end of each mandibular arch and at their anterior edge, a small

branch grows downward and forward during the fourth and fifth days,

such branch, or branches, being called maxillary processes. There is a

triangular median process growing toward these maxillary processes

from the front of the head, known as the fronto-nasal process. The
maxillary processes form the upper jaw or the maxillary bones. The
maxillary processes do not fuse with each other, but to each side of the

fronto-nasal process. When this union does not become complete, the

well-known abnormality of hare-lip results.

The formation of clefts and arches may be understood the better by

the following illustration from Professor Reese

:

With the hands in front of the body (the palmar aspect of each

hand directed mesiad), and pointed downward, ''bring the tips of the

fingers together, the fingers of each hand being slightly separated. The
thumbs should, at first, be closely pressed against the forefingers, and

should be considered as fused with them. If the fingers and hands are

slightly bent, there will be a space between the two hands that may be

taken to represent the pharynx of the chick, while the four fingers will

represent the first four gill arches, and the spaces between the fingers

will represent the first three gill clefts. The closure of the visceral clefts

may be represented by bringing the fingers of each hand together. The
forefingers, which should, in reality, be the only ones which actually

meet in the midventral line, will represent the mandibular arch, forming

the lower half of the mouth. The formation of the maxillary arch, by
processes budded out from the upper ends of the mandibular arch, may
be represented by separating the thumbs from the forefingers, and point-

ing them toward each other without letting them come in contact; the

triangular space between the thumbs, thus held, being fulfilled in the

imagination by the fronto-nasal process. The angles between the thumbs
and forefingers will represent the angles of the mouth. Of course, to

make the comparison more striking, there should be one more finger to

represent the hindermost arch and cleft, but as the hinder arches and
clefts form no part of the adult chick, this omission is of little impor-

tance."

THE CIRCULATORY SYSTEM (Fig. 297)

As has been stated, there are already present two or three pairs of

aortic arches by which blood is carried from the bulbus arteriosus

around the pharynx to the dorsal aorta. It will be noted that the first

aortic arch lies in the first (mandibular gill arch), the second in the hyoid

fold, and so on, each bearing a distinct relation to the correspondingly

numbered gill-fold.

The heart, which it will be remembered is attached only at the

cephalic and caudal ends, is growing rapidly and twisting upon itself.

The venous, or atrial, side is the more stationary. This side, originally,
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lay caudal to the arterial, or conus, end of the heart, but in the twisting,

the conus end comes to lie caudal to the sinus, or venous, end, a position

that the higher vertebrates all retain in the adult stage. In fishes, the

atrial region of the heart remains caudal to the ventricular portion even

in the adults.

The point w^here the two vitelline veins meet to empty into the

heart becomes pushed farther and farther caudad, so that the two veins

unite to form a common opening into the heart.. All blood from the

vascular area to the heart passes through this single common tube,

though in a short time the right vein will dwindle away and disappear.

The tube is then an opening for the left vitelline vein only. This com-
vp I

Fig. 297.

Diagrammatic lateral view of the chief embryonic blood-vessels of the chick,
during the sixth day. a. Auricle; al, allantoic stalk; ao, dorsal aorta;

_
c, cceliac

artery; ca, caudal artery; cl, cloaca; cv, caudal vein; da, ductus arteriosus; dv,
ductus venous; ec, external carotid artery; ej, external jugular vein; i, intestine;
ic, internal carotid artery; ij, internal jugular vein; /, liver; m, mesonephros; ma,
mesenteric artery ;.m7;, mesenteric vein; p, pulmonary artery; pc, posterior cardinal
vein; pv, pulmonary vein; s, sciatic artery; sc, subclavian artery ;scv, subclavian
vein; st, yolk-stalk; sv, subcardinal vein; ul, left umbilical artery; ur, right umbilical
artery; uv, left umbilical vein; v, ventricle; va, vitelline artery; vca, anterior vena
cava (anterior carciinal vein), vp, posterior vena cava; vv, vitelline vein; y, yolk-sac;

3, 4, 6, third, fourth, and sixth aortic arches. (From Lillie's "Development of the
Chick," by permission of Henry Holt & Co., Publishers.)

mon tube-like entry into the heart is called the meatus venosus; the por-

tion nearest th^ heart is the sinus venosus: and the portion lying more
distal, the ductus venosus.

The dorsal aorta gives off numerous branches supplying various

portions of the body of the embryo, the blood being returned by two
large veins 'on each side of the body. That from the anterior part of the

embryo is carried through the anterior cardinal veins, and that from
the posterior part of the body is carried by the posterior cardinal

veins; the anterior and posterior cardinals then unite into a common vein

before emptying into the sinus venosus, and this common vein is called

the duct of Cuvier.



CHAPTER VIII

THE DIFFERENTIATION OF THE SOMITES

THE somites have already been described as almost solid triangular

blocks of cells derived from the dorsal mesoderm. There is a tiny

opening in the center running horizontally through each somite.

Oftentimes the opening cannot be seen at all. This opening is called the

myocoele.

As the embryo continues to increase in size, the triangular block

becomes more or less circular and there are two layers of cells, an outer

epithelial layer and an inner

portion (Fig. 298). The inner

portion has its cells irregularly

arranged.

It is this ill-defined group

of cells which is known as the

sclerotome. The cells are

mesenchymal.

The sclerotomes of each

side now grow still farther

toward the notochord and sur-

round it. Later they develop

into the vertebrae.

The dorsal portion of the

outer cell mass whose more
medial portion became the

sclerotome, has retained its

definite outlines and epithelial

characteristics. This portion,

now called the dermatome, is

to become the deeper layer of

the integument. It is important

to remember at this point that the ectoderm gives rise to the epithelial

layer of the integument only.

The portion of the cell mass, w^hich lies medial and slightly ventral

to the dermatome, is called the myotome. The myocoele now lies

between the dermatome and the myotome. It is from the myotome that

the entire skeletal musculature is developed by the ventral walls of the

myotome, becoming converted into longitudinal muscle fibers. These
bands of fibres then remain divided into blocks which correspond to the

original somites. Here again we have a metameric arrangement of

muscles in the embryo of the chick which corresponds to the segmental

arrangement of muscles in the adult fish.

O-afjy //«n

Fig. 298.

Diagram of Myotome and Nerve Development.
The more dorsal portion of the somatopleure is known
as the dermatome while the dorsal portion of the
splanchnopleure lying closest to the dermatome forms
the sclerotome.
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The outer portion of the myotome gives rise to the muscles of the

neck and trunk. The muscles of the appendages arise independently of

the myotomes.

T3 germfp %'}:':)]/A/JT-

Fig. 299.

The development of the mesonephros. A, B. Transverse sections through the
mesonephric tubules of the duck embryo with forty-five pairs of somites. After
Schreiner. C. Transverse section through the middle of the mesonephros of a
chick of ninety-six hours. From Lillie (Development of the Chick). Ao., Dorsal
aorta; B., rudiment of Bowman's capsule; c, collecting duct; Cocl., coelom; Col. T.,

collecting tubule; d., dorsal outgrowth of the Wolffian duct; Glom., glomerulus;
germ, Ep., germinal epithelium; M's't., mesentery; n.t., nephrogenous tissue; r.,

rudiment of conducting portion of primary tubule; T, 1, 2, 3, primary, secondary,
and tertiary mesonephric tubules; V.c.p., posterior cardinal vein; IV.D., Wolffian
duct. D, Cross section through the head kidney in the region of the gonads of a 4
day chick embryo, a, germinal epithelium showing the primary germ-cells c and o;

a, portion of the peritoneal epithelium which forms the Mullerian duct; E, the
tissue immediately surrounding the germ cells • which forms the stroma of the"

gonads later; L, Somatopleure; m, mesentery; WK, Pronephros; .-v. Wolffian duct; z,

Mullerian duct. (After Waldeyer and O. Hertwig.)

V THE EXCRETORY SYSTEM

It is on the third day that the intermediate cell mass

—

the mesomere
(Fig. 268, mm)—lying between the somite proper and the point where
the mesoderm splits into somatic and splanchnic layers, becomes very

prominent, being covered with sharply defined epithelial cells (Fig.

299).

It is of great importance for one's future study of embryology as

well as for the study of comparative anatomy that the development of

the excretory system be thoroughly understood.

It is this intermediate cell mass or mesomere, now called the nephro-

tome, which is to develop into both urinary and reproductive systems.
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The Wolffian duct has already been mentioned. The embryonic kidney
in the chick is called the Wolffian body or mesonephros. This embryonic
kidney ceases to function very soon after hatching, and is then replaced

by the metanephros.

One of the lowest forms of a chordate (an animal which possesses a

notochord), is the small fish-

like amphioxus or lanceola-
"ft

i
11

t5

m

v^

rta,^

tus. In this animal a primi-

tive form of excretory

T^^' ^f^ system develops and persists

t- ;:? B^ throughout the adult life of

the animal. It is called a

pronephros, or head kidney.

This structure develops in

the frog and other amphibia

during the embryonic
period, but it is followed by

the mesonephros, or Wolf-

fian body, which becomes

the permanent kidney of the

amphibian. In the chick,

as in all amniotes, the

mesonephros serves as the

embryonal kidney, which is

then followed by the devel-

opment of a metanephros or

permanent amniote kidney

(Fig. 300).

Notwithstanding the
type of these three kidneys

which an animal may pos-

sess in adult life, all of the

higher animal forms develop what the immediately lower animal form

possesses, plus the next succeeding type of pronephros, mesonephros, or

metanephros.

Amphioxus, therefore, has the pronephros as its permanent kidney;

amphibians have the pronephros as a sort of embryonic kidney with the

mesonephros in the adult form ; while all higher types of animals have
a pronephros (which just appears and degenerates during the early

embryonic period) with a mesonephros acting as an embryonic organ of

excretion ; and then, later, from the caudal region of the mesonephric
duct the adult permanent kidney or metanephros develops.

To' obtain a clear and accurate view of the functional and structural

relations of the three kidney-forms, it is important to summarize the

nephridial theory.

IV

Schematic arrangement
metanephros and mesonephros

to ofshow relationship
in Gymnophiona (trop-

ical amphibians without tails or legs). II, in advanced
chick embryo. Ill, one type of its appearance in man.
I V, in rabbit. The Wolffian duct and ureters are black.
The canaliculae of the mesonephros are hatched. The
canaliculae of the metanephros are dotted. (After Felix.)
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Theoretically, it appears that the waste matter containing nitrogen,

which is elaborated in the primitive liver and collected in the coelom,

together with the coelomic fluid itself, passes outward through the

nephrostomes and tubules in each segment. In higher forms all the

parts are more differentiated and some of the segmentation is lost.

Figure 168 (Vol. I) gives a clear understanding of the earthworm's

segmented excretory system which represents the pronephridic type of

kidney.

Such a primitive type of nephridia, if completely developed, may be

described as follows : At the proximal end of the tubule, a ciUated fun-

nel, the nephrostome, opens into the coelom. The cilia may continue

into the tubule to produce a current which will carry the coelomic fluid

into and through the tubule. The tubule expands into a Malpighian or

renal corpuscle. This corpuscle consists of a vesicle, known as Bow-
man's capsule, one side of which projects into the other, so that the

cavity is nearly filled. This inturned portion is the glomerulus, consist-

ing of a network of capillary blood vessels, supplied by an artery and

drained by a vein. Beyond the Malpighian corpuscle the tubule becomes
convoluted, while its cells become glandular. The first convoluted tubule

is followed by a straightened portion, forming a simple U shape. The
arms of the U form the ascending and descending limbs. The entire U
is called Henle's loop. Then follows a second convoluted tubule which
passes by means of a short connecting tubule into the non-glandular

collecting tubule. Other groups of similar-formed excretory units enter

this same collecting tubule, which then leads into a urinary duct through
which the waste matter is carried out of the body.

Various parts of the complete system just described may be miss-

ing in different groups of animals. For example, in Amniotes, the

nephrostomes are never formed, though they are formed in Ichthyopsida.

In the pronephros, the Malpighian corpuscle is quite rudimentary
and often entirely lacking, and there is also no differentiation into con-

voluted tubules and Henle's loop.

The renal corpuscles form a sort of filtering apparatus by which
water is passed from the blood-vessels of the glomerulus into the tubules
near their beginning. This liquid thus serves to carry out the urea, uric

acid, etc., which has been secreted by the glandular portions of the walls
of the tubules.

A varying number of nephrotomes are formed in different animal
forms, and so also a varying number of nephrostomes are formed. Figure
300 will give the student a general idea of how mesonephros and
metanephros follow each other and just what their relations are.

The tiny tubules must not, however, be confused with the ducts.
The ducts represent the collecting tubule described above.

The pronephric tubules grow first and then join the pronephric
ducts. Later the mesonephric tubules grow caudad to the phronephric
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tubules and join the same ducts. The original pronephric tubules then

degenerate, so that now the ducts which were originally called pronephric

become the mesonephric ducts.

In the real kidney, or metanephros, the tubules do not grow toward

the mesonephric ducts, but from these ducts. They grow headward and

laterad and ultimately connect with the tubules of the mesonephros,

after which the mesonephros itself degenerates with the exception of

the Wolffian or mesonephric ducts, which in the male become the tubules

through which the sperm pass.

With this in mind, the excretory system of the chick can be studied

with some understanding.

At about thirty-six hours, it will be remembered,, the pronephric

tubules were seen to arise from the nephrotome, one pair lateral to each

somite from the fifth to the sixteenth. Each tubule arises as a solid bud
of cells with the free ends growing dorsad, close to the posterior cardinal

veins. The distal end of each tubule is bent caudad later, until it reaches

the tubule directly posterior to it. Thus is formed a continuous cord of

cells, which is to become the pronephric duct. These ducts continue to

extend caudad beyond the region where the tubules were formed, and

soon develop a lumen. The ducts ultimately reach the cloaca, extending

ventrally and opening into it.

The best way to study a series of cross sections is to begin caudad

and observe them serially toward the head, because the posterior por-

tions are not so well developed as are the anterior.

The pronephros (Figs. 285 and 299, D) varies in its development,

although it usually can be noted in from the fifth to the fifteenth or six-

teenth somite. Typically it develops from the tenth to fifteenth, inclu-

sive. No duct is formed anterior to the tenth somite, but the pronephric

buds in that region disappear by the end of the second day.

Mesonephric tubules (Fig. 299, A, B, C), develop in all segments
from the thirteenth or fourteenth to the thirtieth, so that the most
anterior mesonephric tubules develop in the same segments where the

pronephric tubules also developed, although it is only posterior to the

twentieth segment that the mesonephros develops typically.

The mesonephric tubules, which are to connect with the ducts, are

developed from radially arranged cell masses lying ventral and medial

to the ducts. The most anterior of these tubules acquire a lumen by
the time the ducts have developed their lumen. These tubules grow
toward and connect with the duct. Later they remain as isolated vesi-

cles. The grouping of the mesonephric tubules constitutes the

mesonephros or Wolffian body. Some of the more cephalad mesonephric
tubules seem to develop nephrostomes opening into the coelom.

The tubules themselves, having formed separately from the ducts

and then grown outward and connected with them, have had their out-

ward ends develop a cluster of closely packed cells which lies in close
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relationship to the dorsal aorta. This cluster becomes the glomeruli.

In fact, by the fiftli day, circulation has already been established in the

glomeruli, and from then until the eleventh day, the mesonephros is at

the height of its functional activity. Then the metanephros takes its

place.
, Ijii |! l*|jy*|

The pronephric tubules, which attain even a degree of completeness,

lie in the tenth to fifteenth somites. It is interesting to observe that it is

when these tubules begin to degenerate that the glomeruli begin to form
at the points of the tubules, close to the coelom and actually project into

the coelom. These bud-like structures are extremely variable, both as to

number and degree of development. They even develop differently on
both sides of the chick. They appear to be best developed on the third

and fourth days. It is for reasons such as these that former writers

insisted that, in the chick, the pronephros really developed later than the

mesonephros.



CHAPTER IX
THE DEVELOPMENT OF THE FOURTH DAY

UPON opening- an egg which has been incubated for four days, the

great increase in size of the embryo is the most noticeable feature.

The germinal mxembrane now covers almost one-half of the yolk,

and the vascular area is very prominent, althoug-h the sinus terminalis

has already begun to diminish in distinctness.

Fig. 301.

1. Median sagittal section o£ 82 hour chick embryo. 2. Whole mount to show

regions from which A to O are cut. Sections A=A—A; B=B—B; etc. (Re-drawn

from Duval.)
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The amnion covers the entire chick, but as there is as yet Httle fluid

in the amniotic cavity, the amnion lies close to the embryo.
The splanchnic stalk forms a narrow tube, connecting yolk-sac and

mid-gut, but the somatic stalk has not kept even pace with the splanch-

nic, so that there is a ring-shaped space between the two through which
the allantois projects. The allantois is connected by a narrow stalk with
the hind-gut just cephalad to the tail.

mymy

Fig. 302.

Appendage muscles being budded off from
myotomes in the European Dogfish, Pristiurns. b,

muscle buds; my, myotomes. (From Kingsley
after Rabl.)

The cranial flexure increases

to a considerable extent as does

also the body flexure, so that the

embryo now describes a half-

circle.

The muscle plates are nearly

vertical in position, extending

almost to the point of separation

of somatopleure and splanchno-

pleure, while just beyond this

point of separation the somatopleure is raised to form a longitudinal

ridge on each side, which is called the Wolfifian ridge.

It is on this day also that the beginnings of the appendages, the

wings and legs, can be seen as local swellings of the Wolfiian ridge.

These arise (the wing-buds just posterior to the heart region, and

the hind-limb-buds just anterior to the tail) as conical or triangular

groups of mesoderm (Fig. 302) covered by ectoderm. By the end of the

day the wing-buds have become elongated and narrow, while the Hmb-
buds are short and broad.

The embryo now lies on its left side, torsion being complete to the

extent of ninety degrees.

It is on this day also that a fourth gill cleft appears. The gill arches

become so thick now that one can scarcely see the aortic arches in any
of them.

In the head region, the cephalic flexure presses the ventral surface

of the head so tightly against the pharynx that the head and pharyngeal

region must be removed and studied from their ventral aspects or little

can be observed.

Figure 296 will show that the mandibular arch forms the more
caudal boundary of the oral depression, while on each side, the arch

forms an elevation, the maxillary processes, which grow mesiad and
form the antero-lateral boundaries of the mouth opening.

The nasal pits form as hollow depressions in the ectoderm of the

anterior part of the head overhanging the mouth region with U-shaped
elevations surrounding them. The median limb is the naso-medial

process and the lateral limb is the naso-lateral process. The two naso-

medial processes grow toward the mouth and meet the maxillary
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processes which grow inward from each side. It is the fusion of these
two naso-medial processes with each other in the midhne and with the
maxillary processes laterally that forms the upper jaw, the maxilla.

The lower jaw is formed by the fusion in the midline of the right
and left portions of the mandibular arch.

Foramen of Monro

Corpus striatum

III ventricle

Ohonoid fissure

Mesodermal tissue,
forming later the
chorioid plexus

Pharynx

Tongue

Fig.303.

Transverse section through the forebrain of a 16 mm. human
embryo (six to seven weeks) to show the relationship of the
ventricles.

THE NERVOUS SYSTEM

Figures 282 and 288 show how the two lateral evaginations of the

fore-brain stand in relation to the cephalic end of the central nervous

system, and why it is that the ears come to lie on practically the same
dorso-ventral level with the eyes, although they begin forming so far

apart.

The development which brings this about has already been dis-

cussed. Here it is important for the student to observe that the two
evaginations, forming the telencephalic vesicles, have an open space

within them, known as the I and II ventricles—also called lateral ven-

tricles. The portion between them is the III ventricle, which is later to

become a mere coi;,necting slit-like tube to connect the lateral and more
posterior ventricles. The entire op^ening in the fore-brain is called the

telocoele; that in the diencephalon, the diocoele; that of the mesencepha-
lon, the mesocoele (later called the aqueduct of Sylvius) ; that of the

metencephalon, the metacoele; and that in the myelencephalon, the

myelocoele.

Figure 282 also shows that what was once the most anterior part

of the fore-brain, i. e., the lamina terminalis, is no longer so, the lateral

vesicles having extended further forward. The telencephalic vesicles

become the cerebral hemispheres in the adult. These become so large

that they cover the entire diencephalon and mesencephalon.
All discussion of the central nervous system in our future study of
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comparative anatomy will depend upon the student's thorough under-

standing of the development of the brain regions and vesicles as here

discussed. Consequently, the various arbitrary lines used as demarca-

tions must be carefully studied.

The division between telencephalon and diencephalon is the imag-

inary line drawn from the velum transversum to the recessus opticus.

The velum is that slight extension marking the point where the primary

fore-brain is to divide, while the recessus is that transverse furrow in

the floor of the brain, which leads directly into the lumina of the optic-

stalks.

The Diencephalon : There is little change in this on the fourth day,

except that the infundibular depression in the diencephalon has deep-

ened, and lies close to Rathke's pocket (Fig. 301, I), with which it later

fuses to form the hypophysis. Later the lateral walls of the diencepha-

lon are to become thickened to form the thalami. x\s these thalami

grow inward toward each other, they will cause the diocoele, or third

ventricle, to become quite small. The anterior part of the roof of the

diencephalon remains thin, and the blood-vessels grow downward into

the diocoele as the choroid plexus.

The division between diencephalon and mesencephalon is an imag-

inary line drawn between the tuberculum posterius (a rounded elevation

in the floor of the brain, of importance only as a landmark of this kind),

and the internal ridge formed by the original dorsal constriction between
the primary fore-brain and mid-brain.

The Mesencephalon : There is little change in this portion of the

brain, though a little later, dorsal and lateral walls become thickened

to form either the optic lobes or the corpora quadrigemina. Optic lobes

and optic vesicles must not be confused, as these are two separate and
distinct structures.

The floor of the mesencephalon thickens to form the cerebral pedun-
cles of the adult, which serve as the main pathway for the fiber tracts

which connect the cerebral hemispheres with the posterior part of the

brain and spinal cord. The mesocoele becomes quite small by these

various thickenings and is now called the aqueduct of Sylvius.

The Metencephalon : The metencephalon is separated from the

mesencephalon by the original inter-neuromeric constrictions which
arose early and marked off this portion of the brain. The caudal boun-
dary is not well defined, though it is supposed to merge in the myelen-
cephalon where the roof changes from its thickened state to the thinner

condition observed more posteriorly. There is little change on the

fourth day in this region, though later an extensive ingrowth of fiber

tracts develops both on the ventral and lateral walls. These fiber tracts

form the pons and the cerebellar peduncles, while the roof of the meten-
cephalon enlarges to become the cerebellum.

The Myelencephalon : There is also little change in this region, but
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later the roof becomes thinner, and blood-vessels push their way into

the opening now called the fourth ventricle, as the posterior choroid

plexus, while the ventral and side-walls become floor and lateral walls

of the medulla.

THE GANGLIA OF THE CRANIAL NERVES (Fig. 282, B)

Along the neural crests already discussed, various ganglia are

formed. The largest on the fourth day is known as the Gasserian

ganglion of the fifth cranial nerve. (The fifth is also called the trigemi-

nal nerve.) It lies ventral and lateral, as well as opposite to the most

anterior neuromere of the myelencephalon. It forms the sensory nerve

fibers which grow from the brain mesially and distally into the mouth

and face region. This fifth cranial nerve is divided into three great

branches : the ophthalmic, the maxillary, and the mandibular.

The first branch, the ophthalmic, can be seen on the fourth day

extending toward the eye, while the other two are just beginning to

grow toward the mouth angle.

Just anterior to the auditory vesicle a mass of neural-crest cells is

developing into what is to become the facial or seventh cranial nerve

and the acoustic or eighth cranial nerve. This cell mass divides on the

fourth day to form the geniculate ganglion of the seventh and the

acoustic ganglion, of the eighth nerve.

Caudad to the auditory vesicle, the ganglion of the glossopharyngeal

or ninth cranial nerve can be seen, and the ganglion of the vagus or tenth

nerve may just be observed. The ninth can be seen in whole mounts,

the tenth probably cannot.

THE SPINAL CORD

Throughout the spinal cord there is a compressed slit-like lumen
known as the central canal. Just as the ganglia of the cranial nerves

make their appearance on the fourth day, so, too, do the spinal nerves.

It requires special methods of staining to study the growth of the

nerve fibers from fiie neuroblasts, but the development of the spinal

nerve roots can be studied in ordinarily stained slides.

It is important to understand that in the adult there will be two
roots to each spinal nerve (Fig. 290), one ventral, which is motor in

function, and one dorsal, which is sensory in function. Both of these

unite lateral to the spinal cord. Immediately distal to this union there

is a branch extending- to the sympathetic nerve cord. This branch is

known as the ramus communicans, and extends ventrad.

Before the union of dorsal and ventral nerve roots takes place, a

spinal ganglion or dorsal ganglion is seen lying in the dorsal roots. This
ganglion is formed from the neural crests, and grows toward the cord,

thus forming the dorsal root, but there are also fibers growing away
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from the cord from this same gangHonic region which are known as

peripheral nerves.

The ventral roots (Fig. 290) are formed by fibers growing out from
the lateral portions of the cord itself, and are thus efferent nerves carry-

ing motor impulses from the brain and spinal cord to the muscles.

The sympathetic ganglia (Figs. 268, 290, 298) arise from cells which
have migrated ventrally from the neural crests to form cell masses on
each side of the midline on a level with the dorsal aorta. They are con-

nected to form cords, and on the fourth day enlargements can be seen

on these cords opposite the dorsal ganglia. These enlargements are

the primary sympathetic ganglia, each one of which is connected by a

ramus communicans to the corresponding spinal nerve. Later, both
sensory and motor fibers will extend to the sympathetic ganglia from
the spinal nerve roots as rami communicantes, while fibers running out

from the sympathetic ganglia connect with the various organs of the

body.

THE ORGANS OF SPECIAL SENSE

THE EYE (Fig. 289)

We have already discussed the projections from the fore-brain

which are to form the optic cups as well as how the ectoderm directly

opposite the optic cup thickens to form the lens, this lens then meeting
with the cup.

On the fourth day the beginning of almost all the adult structures

of the eye can be seen.

The thickened internal layer of the optic cup will give rise to the

sensory layer of the retina.

The fibers which arise from the nerve cells in the retina grow along

the groove in the ventral surface of the optic stalk toward the brain to

form the optic nerve.

The external layer of the optic cup will become the pigment layer

of the retina.

About the inside of the optic cup a grouping of mesenchymal cells

can be seen which gives rise to the sclera and the choroid coat.

Some of the mesenchymal cells even make their way into the optic

cup through the choroid fissure and give rise to the cellular elements

of the vitreous body.

From the margins of the optic cup closest to the lens, the ciliary

apparatus of the eye is derived.

From the superficial ectoderm which overlies the eye, the corneal

and conjunctival epithelium are derived.

The mesenchymal cells which migrate to the region between the

lens and the corneal epithelium give rise to the substantia propria of

the cornea. The lens forms as a thickening of the superficial ectoderm,

which then becomes depressed so that it forms an invagination into the
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optic cup. The margins of the cup narrow and converge toward the

lens, while the lens itself loses its connection with the superficial ecto-

derm and forms a completely closed vesicle. A microscopic study of

sections of; the lens show an elongation of the cells on that side of the

lens which lies toward the center of the optic cup. These elongating

cells are to become the lens fibers.

THE EAR
The auditory placode has already been mentioned as forming on the

second day. This thickening of the ectoderm sinks below the surrounding

ectoderm and becomes the floor of the auditory pit. This separates

from the superficial layer from which it formed. It will be remembered
that this causes the auditory pit to lie close to the myelencephalon. The
tubular connection formed by the constriction of the region between the

sunken placode and the superficial layer where it originally forms,

remains open for a time as the endolymphatic duct.

It is by a series of complicated changes that this placode, which
forms a vesicle, gives rise to the entire epithelial portion of the internal

ear mechanism.
Nerve fibers from the acoustic ganglion grow inward to the brain

and outward to the internal ear, thus forming its nerve connections. The
external auditory meatus cannot yet be seen, nor has the dorsal and
inner part of the hyomandibular cleft as yet given rise to the Eustachian
tube, which is to form later.

THE NOSE (Fig. 304)

The olfactory pits are merely paired depressions in the ectoderm
of the head, ventral to the vesicles of the fore-brain, and just anterior

to the mouth. These pits become deepened by the growth of the sur-

rounding parts. The epithelium of the pits ultimately comes to He at

the extreme upper part of the nasal chambers, and there constitutes the
sensory epithelium. Nerve fibers grow inward from these cells to the
lobes of the fore-brain, constituting the olfactory or first cranial nerves.

Fig. 304.

Olfactory region of the hen, A in transverse and B in longitudinal section.
c, middle concha; ch, choana; i, inferior (anterior) concha; o, connection of air
cavity with head; p, septum of nose; s, superior concha. (From Kingsley after
Gegenbaur.)



92 Embryology of the Chick

THE SKELETAL STRUCTURE
On the fourth day the mesoderm surrounding the brain has increased

and begins tO' show slight traces of the skull formation toward the an-

terior portion of the head, and to extend posteriorly. The fronto-nasal

process has already been discussed as well as the formation of the upper

and lower jaws.

The beginnings of the vertebral column are also in evidence, though
only tO' a slight extent. Nevertheless, it is well at this point to sum-
marize what will occur, so that future changes will be understandable.

During the fourth day the somites have increased from about thirty

to forty. Each somite now shows a more or less distinctive division into

an outward lying muscle plate and an inner region which is to form the

vertebral column. It is from these inner portions that processes of

mesoderm are sent out by both dorsal and ventral reg'ions to the neural

canal, as well as below the notochord, until these structures are com-

L II.

Myocoel

Fig. 305.

I, Redividing of the spinal segments. On the left side of the cut the sclerotomes
and myotomes are seen in their original state. On the right they are seen in their
final state. The cephalic portions are dotted and the caudal portions hatched. The
arrows show the line of demarcation between head and neck. II, Ventral view of
spinal column to show redivided parts of each vertebra. (From Corning, after
Kollmann.)

pletely surrounded by mesoderm. By the end of the fourth day these

processes have become thickened, and are often called the membranous
vertebral column. The membranous vertebral column is still segmented,

each segment corresponding to the original somite from which it sprang.

On the fifth day these lines of segmentation disappear in the meso-
derm which becomes continuous in its surrounding of the neural canal

and notochord, though the muscle plates retain their segmentation.

On the fifth day also, the mesoderm lying in immediate contact

with the notochord becomes cartilaginous, to form a cartilaginous sheath
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around the notochord throughout its entire length, while at each side of

the spinal cord, paired bars of cartilage form, which will shortly fuse

with the cartilaginous sheath of the notochord to form the beginnings of

the neural arches.

Toward the end of the fifth day the points opposite the attachment

of the neural arches become thickened and more mature, but the por-

tions between the neural arches retain their embryonic character. This

causes what has been called a secondary segmentation of the cartilag-

inous tube. Later this segmentation becomes still greater until the entire

cartilaginous tube is made up of a series of vertebral rings or segments,

each segment consisting of a vertebral ring with its attached neural arch,

and the anterior-posterior halves, respectively, of the succeeding and
preceding intervertebral rings. Each of these segments becomes one of

the vertebrae which constitute the spinal column.

Med. ossif. center

Fig. 306.

Thoracic vertebra and ribs of human embryo of 55 mm.
(Middle of 3rd month) to show ossification centers. Cartilage is

indicated by stippled areas, and ossification centers by irregular
black lines. (After Kollmann.)

It must be understood, however, that these so-called secondary seg-

ments do not correspond with the somites from which they were formed.

The secondary lines of segmentation lie at about the center of the muscle
plates (Fig. 305), so that each of these secondary segments obtains

approximately one-half of the muscle action from the immediately
anterior muscle plate, and one-half from the immediately posterior mus-
cle plate, thus makijig it possible for each one of the vertebrae to have
the muscles from the two regions act upon it.

The spinal column develops around the notochord.

Ossification of the vertebrae begins about the twelfth day in the
cerLtrum of the second or third cervical vertebra, gradually extending
caudad. The neural arches ossify still later in two centers of ossification.

(Fig. 306.)

On about the seventh day, the centrum of the first cervical vertebra,

or atlas, separates from the rest of the bony ring and becomes attached
to the axis to form the odontoid process.

On the seventh day there are present about forty-five vertebrae.
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The most posterior five or six fuse a little later and form the pygostyle
(Fig. 418).

THE EXCRETORY SYSTEM

The anterior tubules of the Wolffian body disappear before the end
of the fourth day, while the posterior tubules have increased in size and
become convoluted. The intermediate cell mass from which they arise

is quite prominent. In cross-sections the convoluted tubules will nat-

urally be cut at all angles, but they can be distinguished from the duct
by observing their much thicker walls. The glomeruli can also be seen

filled with blood vessels.

The permanent kidney, or metanephros (Fig. 307), begins its

Fig. 307.

Diagram of Urogenital Organs. A, in indifferent stage, B, development of
the male from the indifferent anlagen, and C, development in the female from the
indifferent anlagen.

The dotted lines represent the organs in their relative positions in the adult
stage with the exception of the Mullerian duct in the male and the mesonephric
duct in the female. These latter ducts disappear for the most part. (After Hertwig.)

development toward the fourth day in the region lying between the

Wolffian body and the cloaca, that is, between the thirtieth and thirty-

fourth segment.

The metanephric duct, or ureter, forms first, as did the ducts; of the

pronephros and the mesonephros. This duct grows forward on the outer

side of the mesoderm lying in the region just mentioned. It grows
from the dorsal side of the posterior end of the Wolffian duct anteriorly.

Naturally it has an opening into the Wolffian duct from which it is a

diverticulum, but on the sixth day it develops a separate opening into

the cloaca.

It is from these ureters that lateral outgrowths arise, which join

with the rods of tissue now forming in the surrounding mesoderm.
These outgrowths then develop into the tubules and Malpighian bodies

of the metanephros in a similar manner to the way the Wolffian bodies

developed.

The permanent kidney is quite small when compared with the

mesonephros, but it increases in size to a considerable extent just before

hatching.
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THE REPRODUCTIVE SYSTEM (Fig. 307)

On the fourth day a thickened strip of peritoneum forms on the

lateral and superior face of the Wolffian body, which later extends all

the way to the cloaca. This may be called the tubal ridge. It appears

first at the anterior end of the Wolffian body and grows posteriorly,

immediately external to the Wolffian duct. This tubal ridge invaginates

to form a groove-like arrangement at the cephalic end of the Wolffian

body. The lips of this groove then fuse to form a tube—the MuUerian
duct. Fusion takes place on the fifth day. The anterior end of this

Miillerian duct remains open in the coelom. The Miillerian duct becomes

the oviduct. There are several openings which will develop at the

anterior end in addition to the main one, but these latter close normally.

Should they remain open, the abnormal condition of having two open-

ings in the duct results in the adult stage. The posterior end remains

closed.

The older embryologists considered these two or three openings in

the Miillerian duct as homologous with the nephrostomes of the

pronephros, and so insisted that the pronephros followed the

mesonephros in the chick. Modern embryologists consider that these

openings lie entirely too far posteriorly and laterally to permit of this

older interpretation.

In both sexes so far development has been alike, but on the eighth

day the Miillerian ducts begin to degenerate in the male. They disappear

almost entirely by the eleventh day.

In the female chick, the left Miillerian duct forms the oviduct, while

the right Miillerian duct degenerates. The left one alone remains

functional.

The Wolffian body disappears almost entirely in the male, though

a small group of tubules, covering the anterior head of the testes, remains

as the epididymis. In the female it also disappears almost entirely, the

part remaining being the parovarium, a small body lying in the mes-

entery between the ovary and the kidney.

The Wolffian dyict disappears entirely in the female but acts as the

vas deferens, or sperm duct, in the male.

The germ cells probably arise from the entoderm in vertebrates.

The entoderm is never metameric, though some of the older embryolo-
gists spoke of metameric gonotomes as primitive segmented regions

which were to form the gonads.

At about the time the somites form, the portion of the entoderm
which is to become the gonads, migrates through the developing meso-
derm in the epithelium of the genital ridges which have formed imme-
diately lateral to the mesentery. The primitive or primordial ova, or

sperm, can be recognized not only from their size but from their reactions

to microscopic stains (Fig. 254).



96 Embryology of the Chick

In the female, the epithelium increases in thickness to an enormous
extent. The primitive ova multiply, and the products of this multiplica-

tion, accompanied by some of the epithelial cells, sink into the deeper

stroma of the connective tissue, and thus form ovarial or medullary

cords, each such cord containing a number of ova. The cords then break

up and each egg becomes surrounded by a layer of epithelial cells, the

whole forming a Graafian follicle. The follicle cells supply the nourish-

ment to the tgg lying within.

This whole growth takes place only on the left side of the chick, as

the right ovary is not functional.

In the male, the beginnings of the gonad formation are similar to

that of the female; but instead of the cords breaking up into separate

follicles, each cord develops a lumen which becomes converted into the

seminiferous tubule. One can, however, see in the walls of these tubules

both types of cells that were seen in the Graafian follicle. Indeed, there

is found a third type of cell called Sertoli's cell, which is supposed to

act as a sort of nutritive or nurse cell to the developing sperm.

THE ADRENAL BODIES

While these bodies lie closely attached to the kidney, they have not

developed as a part of the urinary system.

It is important to know that the adrenal organs, which are among
the prominent ductless glands now studied in the schools, arise from two
separate and distinct origins

:

First, by a proliferation of peritoneum, and second, by a prolifera-

tion of the sympathetic ganglion cells. It is the portion arising from the

peritoneum which connects with the mesonephros.

The peritoneal proliferations begin as cords, or strands of cells, along

the dorsal aorta. These then connect with the renal vesicles of the

mesonephros. Later, the sympathetic proliferations extend within the

peritoneal cords, so that the peritoneal cords now become the cortex and
the sympathetic portions become the medulla of the adult adrenal

glands.

THE CIRCULATORY SYSTEM
At this point it is well for the student not only to realize, but to

appreciate the great number of experiments necessary to demonstrate

biological facts, as well as to understand the great number of possible

errors and objections which men may bring forth to oppose the inter-

pretation of these facts after the facts themselves have been demon-
strated.

Suppose the question were raised whether the first beating of the

heart of an embryo is muscular or nervous in type. What experiments,

for example, would be necessary to answer such a question satis-

factorily ?
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Off hand, one might say that, as nerves carry impulses to all mus-

cles and as there are ner^^es in the heart muscle, the action must be

nervous.

Nerve fibers grow into the heart muscle from the nerve cells close

by, but the very finest nerve stains known, have been unable to demon-
strate that there are any nerves whatever in the heart muscle at the time

of its earliest beating. It may be objected that, however fine our nerve

stains may be, they are not sufficiently sO' to demonstrate possible nerve

cells or parts of nerve cells. And that, if we improve in our technical

ability by obtaining new stains, we may expect to find nerve-cell-sub-

stance heretofore unseeable. This objection is not well taken because,

if any muscle be removed from the body and placed in normal salt solu-

tion, the muscle fibers do not lose their contracting ability, although
in a few days the nerves degenerate and can be dissected out. If, then,

our present stains do show the nerve fibers clearly in embryos, and
these can be seen to be in exactly the same position as in the adult heart,

as demonstrated by the experiment just cited, it is quite reasonable to

assume that the stains do show all the nerve fibers that are actually

present. If this be true, we can demonstrate that all such nerve fibers,

which normally take a stain, have been destroyed. But, the new nerve-

less muscle still contracts and expands.

It could, of course, be argued, in so far as this is embryonic
material not yet far removed from the germ plasm, that, therefore, every
particle of the embryonic material still retains some of the undifferen-

tiated nerve cells, and consequently every part of the embryo does
actually retain some slight nervous substance which may, under extra-

ordinary circumstances, be brought forth.

This objection is overcome by an experiment performed some years
ago by taking a portion of the adult intestinal tract, chopping it up very
finely, and placing it in a test tube. Notwithstanding the fact that it

was thoroughly chopped up, this substance still was able to digest food
placed in the tube with it. Those who insisted that all action is

nervous in type, then contended that the different particles of the intes-

tine still retained soni,e of the essential parts of the nerve cell, so that,

notwithstanding the fact that the parts had been cut up into very tiny
particles, the essential nervous elements were still doing the work.

A portion of intestine was then kept in a chemical medium similar
to that mentioned in the heart-experiment, and, as with the muscle-
experiment, the nerves degenerated and were dissected out, although the
intestine itself continued performing its normal functions.

If the tough adult nerve-structures are so easily degenerated
in a normal salt solution, it is surely safe to assume that the hundred-
fold more delicate embryonic nerve structures will also be destroyed in

such a medium.
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It will be remembered that the heart grows as a simple straight

tube, and that the blood is formed in the blood-islands by the cavities

flowing together. As these cavities fuse they become tubular, forming

the vitelline veins which carry the blood to the heart.

It is of the utmost importance to remember that this early heart

tube, even before the blood passes through it, has a slow, irregular

''beat." This, however, is not a true heart-beat but merely the func-

tional movement of living muscle.

The true heart-beat is established at that particular moment when
che thin membrane which separates the anterior from the posterior por-

tion in the tubular heart breaks through by the greater pressure of the

blood from the posterior region pressing forward. The tiny membrane
can be seen to bulge out toward the head region until it finally breaks.

From that moment on, the blood forces its way through the heart

and begins a rhythmic muscular reaction on the part of the heart.

The architecture of all muscles is such that various muscle cells

are antagonistic to other muscle cells in the same group, so that each

muscle can, if it elongates, also contract and shorten, the two sets of

fibers being mutually antagonistic, so as to retain a normal balance.

The heart muscle shows this principle admirably in that it is composed
of two groups of spirally wound muscle fibers, the one unwinding as

the other winds up, thus causing a mutual interaction which keeps up

by the rhythm of the heart-beat.

From the study of physics w& know that, when two streams which

run in different directions meet, a vortex is formed. If we now turn to

our earlier description of the development of the circulatory system

during the first two days, we shall find that there are two openings into

the heart from which streams of blood are brought into that organ. As
these two blood vessels send their streams together a vortex is formed.

We thus find a physical explanation as to why the heart muscles follow

in their growth the optimum stretching caused by the spirally running

stream of blood.

From, all that has been said above, it follows that when a heart is

removed from an animal body and kept "alive" for days or weeks, it

is but the physical continuation of the normal muscular antagonistic

reaction of the two spiral shaped groups which have been wound up

quite as a clock is wound.

As months and years have elapsed in the winding of these spiral

muscles, it is quite natural to< understand that they are still sufficiently

wound when removed from the body so that they will continue in action

for some days if no external conditions exist to cause a stoppage sooner.

Such external conditions may be pressure, friction of various kinds, or a

drying up of the tissues when not retained in proper media.

If the immediately preceding paragraph be remembered, one can
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always explain such objections as this: "If potassium is removed from

the medium in which a heart is placed, it ceases to function, thereby

proving that it is the potassium solution which causes the reaction."

It will be remembered that it was stated in the preceding paragraphs

that the action of the muscles will continue for some time until external

conditions cause a stoppage. The removal of potassium solution from
the surrounding medium has nothing to do with the reaction ability in

the muscle cell itself, but its removal removes a factor necessary to

reaction, by making the medium one in which it cannot react. An exam-
ple may make the matter clearer. A living human being has the power
to move his arms and walk about. This power is retained for many
years. Let us suppose that we remove certain substances from the air

which are needed for his lungs to function. An individual breathing

such an atmosphere would either slowly or rapidly (depending upon
what gases are removed) grow less and less able to move his arms or

to walk, and in a short time this ability would cease entirely. In other

words, such an individual needs a certain kind of atmosphere for breath-

ing purposes, without which he cannot perform his normal functions.

This, however, is vastly different from saying that the constituents of

air are the cause of his being able to move.

From what has been said above, all that we can say, in regard to

nerve-and-muscle-action, is that experiments tend to demonstrate that

muscle cells have the ability to act and react, and that the nerves are

only the connectors and impulse carriers, by which a coordination of

muscle cells, which are not in contact with each other, may be brought
about.

In the embryo, the yolk is converted into blood, and the pressure

of that blood as it passes through the various vessels with its greater

posterior and its less anterior pressure, brings about the results men-
tioned above. In the adult, the food that is taken in and converted into

blood, works on quite similar principles by continuing to produce a

greater posterior than an anterior pressure.

The embryonic circulation can only be understood when it is realized

that it varies from the adult circulation in a manner that is accounted
for by the difference between embryonic and adult feeding. In the
embryo, due to the fact that the food comes entirely from the yolk, there
is developed a yolk or vitelline-circulation. As the chick's lungs are non-
functional before birth, and the allantois functions as a respiratory organ,
there is developed an allantoic circulation, while a third type is the cir-

culation of the embryo itself. The vitelline and the allantoic together
constitute the extra-embryonic circulation.

All food material to the embryo comes from the yolk (although the
yolk particles do not turn directly into blood. It is the action of the
entodermal cells which line the yolk-sac and pour out a secretion of



100 Embryology of the Chick

enzymes, which breaks down the yolk granules). It is thus seen that it

is the vitelline vessels which carry food into the embryo, and it is the

allantois which serves both as a respiratory and excretory organ (at

least until the nephroi are formed). It is the allantoic circulation which

permits the escape of carbon dioxide and other waste matters.

Therefore, the intra-embryonic circulation has nothing to do with

either manufacturing blood or throwing out waste matter (until the

nephroi are formed) ; it serves only as the carrier, distributor, and col-

lecting system of both food and waste materials.

As all three systems, intra-embryonic, vitelline, and allantoic send

their vessels to and from the heart, the contents of all three systems

mingle in that organ, although, of course, the vitelline circulation is the

richer in food material, and the allantoic the richer in waste matter.

It is at this point that the student must again remember that arteries

need not necessarily carry blood rich in food matter, but that an artery

is any blood-vessel carrying blood away from the heart under a high

pressure. This pressure probably accounts for the fact that arterial

walls are thicker and stronger than venous walls.

Veins are the carriers of blood to the heart.

THE VITELLINE CIRCULATION
This has been described in detail at an earlier period.

THE ALLANTOIC CIRCULATION
We have already spoken of paired vessels extending through each

segment of the embryo which arise from the aorta at about the level

of the allantoic stalk. One pair of these segmental vessels increases in

size as the allantois grows, and is distributed over the allantois in a rich

plexus. As the allantois lies close under the shell, there is thus afforded

a large area where gases can easily be exchanged and oxygenation be

brought about. After such oxygenation and the extrusion of the carbon

dioxide, the allantoic blood is gathered by the allantoic veins, and car-

ried back to the heart.

The excretory ducts later develop in the embryo and then empty
into the allantoic stalk close to its cloacal end. It is at this time that

the allantois begins to function as a receptacle for solid waste matter,

which, after the fluid parts have been evaporated, retains this waste-

matter until it is thrown off at the birth of the animal.

The right and left allantoic veins run cephalad in the lateral body-

walls of the chick, and enter the sinus venosus, one on each side of ilie

omphalomesenteric vein. These two allantoic veins will shortly fuse

and form a single umbilical vein (Fig. 308).

The yolk-sac is regarded as a diverticulum of the intestine, and the

allantois as a diverticulum of the urinary bladder, which itself is an out-

growth of the alimentary tract.
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Fig. 308.

the L? £ At .ho»f .„ V^^°."*/'l^*y ^°";f-.
Secondary union of veins around

F lei;t;,S,'«t,i^ ? ?" °"^ hundred hours. Definite arrangement of the vesselsF. Relationship of liver vessels, c. Vena cava posterior (inferior); rfC, ductus
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These outgrowths carry their blood vessels with them. Therefore,

the omphalomesenteric artery and the vitelHne veins (these latter are

diverticula of the omphalomesenteric veins) extend out over the yolk,

constantly increasing as to both absolute numbers and as to branches,

as the yolk-sac spreads over the yolk.

The allantoic arteries are also called umbilical arteries. They are

what will later be known as hypogastric arteries. In birds and reptiles

five vessels, three arteries (one omphalomesenteric and two allantoic),

and two veins (one vitelline, really omphalomesentric, and one allan-

toic), connect the embryo freely through the umbilical stalk (Figs. 284,

297, 308).

In mammals, where there is little or no yolk, the yolk-sac is reduced

or absent entirely arid the omphalomesenteric and vitelline vessels dis-

appear very early, so that the umbilical cord, or stalk, contains only the

two allantoic arteries and one allantoic vein.

In the dogfish and all elasmobranchs, where there is a large yolk-sac

but no allantois, the vitelline circulation alone is found, the allantoic

not being present.

THE INTRA-EMBRYONIC CIRCULATION

The large vessels communicating with the heart are the first ones to

appear in the chick embryo. At thirty-three hours the ventral aorta

extends headward, bifurcating ventral to the pharynx to form a single

pair of aortic arches. This pair of arches passes dorsad around the

pharynx and then runs tailward on the dorsal wall of the gut as the

paired dorsal aortae (Fig. 277).

On the second day, as the visceral arches and clefts appear, this

original pair of aortic arches comes to lie in the mandibular arch. In

each of the visceral arches posterior to the mandibular, new aortic arches

are formed, which connect the ventral aortae with the dorsal aortae.

Cuvieri; dv, ductus venosus; g, gut; hi, left hepatic vein; hr, right hepatic vein;
/, liver; o, omphalo-mesenteric vein; p, anterior intestinal portal; M, rudiment
of pancreas; ul, left umbilical vein; ur, right umbilical vein; v, vitelline vein; I,

II, primary and secondary venous rings around the gut. (After Hochstetter.)
G to /, Diagrams to show the origin of the postcaval vein and the chaneres
in the abdominal vein in amphibians and reptiles. G, elasmobranch stage. The
lateral abdominal veins i enter the common cardinal veins c and are not connected
with the renal portal veins p. H, the lateral abdominals i have joined the renal
portals at t posteriorly, and anteriorly pass into the liver /, where they unite with
the hepatic portal vein h; a new vein, the postcaval vein g, is seen growing caudad
from the liver /, where it arises from the hepatic veins o. I, condition in the
adults of urodele amphibians; the postcaval vein g, has reached and fused with the
posterior cardinals e and the subcardinals / at the point r; the two lateral abdominal
veins have united to form the ventral abdominal vein_ i which empties into the
hepatic portal h. J, condition in adult reptiles; the anterior portions of the posterior
cardinal veins n are obliterated, leaving the postcaval vein q as the sole drainage for
the_ subcardinals / and the kidneys k ; the two lateral abdominal veins remain separate
as in elasmobranchs. a, anterior cardinal vein; h, sinus venosus; c, common cardinal
vein; d, subclavian vein; e, posterior cardinal vein; /, liver; ^, _

postcaval^ vein;_/t,

hepatic portal vein; i, lateral (or in /, ventral) abdominal vein; /, subcardinal vein;
k, kidney; I, iliac or femoral vein; m, caudal vein; n, obliterated part of the posterior

cardinals; o, hepatic veins; p, renal portal veins; q, pelvic veins; r, union of

postcaval, posterior cardinals, the subcardinals; s, union of postcaval and subcardinals;
t, union of abdominal vein with the renal portal system. (From Hyman's "A
Laboratory Manual for Comparative Vertebrate Anatomy," by permission of The
Chicago University Press.)
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•At fifty-five hours we saw there were three pairs of these aortic

arches with a fourth pair just beginning to form. It is at about this

period also that there is an extension headward from the dorsal aortic

roots. These extensions form the internal carotid arteries which supply

the brain.

The external carotid arteries arise later from the ventral aortic roots.

They also grow cephalad as do the internal carotid arteries, but, unlike

the internal carotids, the external carotids supply the face.

By the end of the fourth day two more pairs of aortic arches appear

Schematic diagrams illustrating the changes which take place in the aortic

arches. A, embryonic^ prototype ; B, Fishes; C, Urodeles; D, Lizard; E, Birds; F,
Mammals,

The dotted lines show the portions which have become obliterated in the adult
forms of the animals mentioned, ao.asc, ascending aorta which branches into the
following aortic arches: 0,00, 1, 2, Z, 4; ao.desc, descending aorta; bot, duct of
Botallus; pulm, pulmonary artery; subcl, subclavian artery; 0,00, 1, 2, 3, and 4,

the six aortip arches. (After Boas.)

posterior to those already present. The fifth pair of aortic arches is

very small and disappears in a short time.

The first and second arches have become smaller and also finally

disappear. Probably most often the entire first arch has disappeared

by this time and sometimes the second has also gone.

Consequently, there are present only the third, fourth, and sixth
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pairs. While these arches do not remain intact permanently, though

parts of them do, it is from these three pairs that the main blood vessels

arise.

In reptiles, birds, and mammals, all the main vessels of the adult

connecting the heart with the dorsal aorta are derived from the fourth

pair of embryonic aortic arches.

It is important to remember this, as our studies in comparative

anatomy will consist of the study of an amphibian, a dogfish, a turtle,

and a cat or rabbit, and the student will be required to show similarities

and differences of this nature in the different groups.

In reptiles the aortic arches remain in pairs (Fig. 309), but in birds

the left arch degenerates, while in mammals it is the right arch which

degenerates. The dorsal aortae, which began as paired vessels, now
fuse close to the sinus venosus. The portion extending cephalad is

fused for a very short distance, though never involving the region of

the aortic arches.

Quite early in development there are segmental vessels arising from

the aorta which extend into the dorsal body-wall. The pair at a level

with the anterior appendage-buds enlarge and extend into th.- wing-

buds as the subclavian arteries.

We have already mentioned the pair opposite the allantoic stalk

which has enlarged to become the allantoic arteries.

The external iliac arteries which supply the posterior appendage-

buds arise as branches from the allantoic arteries close to the origin of

the aorta.

At four days, the chick embryo still has the omphalomesenteric

arteries as its main visceral supply. It will be remembered that these

arteries are paired originally. But as the embryo (which must be con-

sidered as having its ventral portion open and thus lying extended over

the yolk of the egg), comes to have its ventral walls meet and grow
together, the omphalomesenteric arteries, like the heart and other paired

structures which later become fused to form a single vessel or organ,

are brought together and fused, thus forming a single vessel which

comes to lie in the mesentery and runs from the aorta to the yolk-stalk.

The proximal portion of the omphalomesenteric artery persists as

the superior mesenteric of the adult, after the atrophy of the yolk-sac.

The inferior mesenteric artery and the coeliac artery arise from the

aorta independently at a later stage.

The cardinal iVeins are the main afferent systems of the early

embryo. They form on the second day as paired vessels on each side of

the midline and extend both headward and tailward. The anterior and

posterior cardinal veins on the same side come together to form the duct

of Cuvier, which duct runs ventrally and enters the sinus venosus. On
the fourth day there is practically no change in the cardinal veins.

Later, the proximal portions of the anterior cardinal veins become
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connected by a new transverse vessel which forms and enters into the

venous atrium of the heart, while the distal portions remain as the

jugular veins of the head region.

The posterior cardinal veins (Figs. 301, 308) lie in the angle

between the somites and the lateral mesoderm. It is of importance to

locate these vessels and understand their position, as the excretory sys-

tem develops in close relationship to them later, and their relation to

the excretory system cannot be understood unless their de^'elopmental

process is closely followed at this stage.

The mesonephroi develop from the intermediate mesoderm so that

the posterior cardinal veins lie just dorsal to them throughout their

length (Fig. 301).

In fact, the posterior cardinal veins are the principal afferent ves-

sels of young embryos. However, in the adult these posterior cardinal

veins will be replaced by the large vena cava.

With the foregoing in mind as a sort of general view of what has

taken pla>ce and what will take place in the main blood vessels, we may
enter into a little more detail.

THE HEART
The heart began as a paired structure. When the ventral walls of

the embryo came together, the two portions of the heart also came
together to form a single tube in the midline of the body, close to the

ventral portion.

After this fusion the heart is nearly straight and double-walled.

The endothelial Hning of the heart has the same structure and is con-

tinuous with the entering and outgoing blood-vessels.

There is a thickened layer over the heart, called the epimyocardium,

which later separates into a thickened muscular layer, the myocardium,

and a thin non-muscular covering called the epicardium.

As the paired tubes have come together to form the single heart,

the splanchnic mesoderm from each side of the body has also come
together to form the dorsal and ventral mesocardia (Fig. 275).

The ventral mesocardium disappears almost immediately after its

formation, but the dorsal mesocardium continues suspending the heart

for some little tim^, also disappearing ultimately, except at the more
caudal portion of the heart.

The heart, now lying in the pericardial cavity, is attached at both

ends and grows much more rapidly than the surrounding body, so that

it begins to fold upon itself. The bending of the organ must be care-

fully studied, or later work upon the heart will have little meaning.
(Figs. 274, 276, 279, 280, 283, 287.)

It will be noted that the cephalic end of the heart is attached just

where the aortae leave it, while the caudal end of the heart is attached

where the omphalomesenteric veins and the dorsal mesocardium meet.
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It will also be noticed that the caudal or ventricular end grows
toward the right.

The physical restriction placed upon the growing heart by the

dorsal bending of the entire embryo, and the pushing in of the yolk

dorsally, plus the fact that the entire embryo (by torsion) comes to lie

upon its left side, accounts for the particular shape and direction of the

heart's bending.

As the U-shaped bend continues to grow, the closed portion of the

U is forced caudad and twisted upon itself to form a loop. This forces

the atrial (venous region) portion slightly to the left (that is, toward
the yolk) and the conus arteriosus is thrown across the atrial region

by being bent to the right (or away from the yolk), and then caudad.

The closed portion of the loop is the ventricular region. By this twist-

ing process the original cephalo-caudal relations of the atrial and ven-

tricular regions have become reversed, the atrial region now lying

cephalad to the ventricle.

Not only has the position of the two regions become reversed, but

a constriction is formed which divides atrium from ventricle (Fig. 283).

The constriction itself forms the atrio-ventricular canal.

It is on the fourth day that the bulbus arteriosus, which lies across

the atrium, presses down its ventral surface, thus beginning to indicate

right and left divisions of the atrium. These divisions become complete
later.

The ventricle has an indication of a right and left division also at

this same time, caused by a longitudinal groove which appears on its

surface.

The bulbus later divides to form the root of the aorta and the pul-

monary artery.

Though the heart began its formation at the level of the hind-brain,

it has come to lie now on a level with the anterior appendage-buds.
The ventricular portion is the more unattached and so extends the more
caudad.

Histologically, the endocardium of a four-day chick is still a single

layer of cells, while the myocardium can be distinguished from the outer

epicardium. The myocardium is composed of elongated cells which
show some resemblance to the muscle cells they are to form. They
are arranged in bundles extending toward the lumen. These bundles
will become the trabeculae carneae of the adult heart.

The cells of the epimyocardium are becoming flattened to form the

true epicardium, while loosely placed mesenchymal cells lie in the region

between endocardium and myocardium near the atrio-ventricular canal.

These mesenchymal cells will take part at a later period in forming the

various septa which are to divide the heart into chambers as well as in

forming the connective tissue frame-work of the valves.

The ventricular septum is completed at about the sixth day, its
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anterior edge fusing with the posterior edge of the septum which divides

the truncus arteriosus into right and left halves.

The anterior edge of the septum of the truncus arises between the

fourth and fifth aortic arches in a manner which causes the blood com-

ing from the left side of the truncus (that is, from the left ventricle)

to pass through the third and fourth aortic arches, while the blood from

the right ventricle passes into the fifth aortic arch.

About the seventh day the right and left parts of the truncus sepa-

rate completely from each other. The right branch remains connected

with the fifth aortic arch as the pulmonary trunk, and the left is

connected with the third and fourth arches as the systemic trunk.

The ventral ends of the third arches become the subclavian arteries,

carrying blood to the anterior appendages, while the dorsal communica-
tion between third and fourth arches disappears.

This means that the blood now passes from the left side of the heart

through the third arch to the anterior appendages, and through the

fourth arch to the dorsal aorta.

About the fifth day, the fourth pair of arches are the larger of any
arches remaining, the left one, however, becoming smaller and smaller

in size until it disappears almost entirely. The right fourth aortic arch

grows larger and larger to form the systemic arch of the adult chick.

In mammals it is the right arch which disappears while the left

alone persists as the systemic arch (Fig. 309).

Early on the third day, the pulmonary arteries form in the walls of

the lungs and extend toward the fifth arch with which they connect

at the ventral ends of these arches. The dorsal end of the fifth arch,

between the point of union of the pulmonary artery and the dorsal aorta,

is called the duct of Botallus (Fig. 309). This ductus Botalli offers the

blood from the right side 'of the heart a passage into the dorsal aorta

so that little passes through the capillaries. The duct, however, shrivels

up at the time of hatching, and becomes entirely closed so that all the

blood from the right side of the heart must pass into the pulmonary
circulation. It is at this time that the lower portion of the aortic arch

becomes the pulmonary artery.

^ THE VEINS

The anterior and posterior cardinal veins unite with each other on
a side to form the duct of Cuvier and then enter into the meatus venosus.
These anterior and posterior cardinals bring back the blood to the heart
from practically all parts of the body except the digestive organs.

The anterior cardinals persist as the jugular veins to which the

pectoral veins from the anterior appendages soon become joined. From
the head and neck the vertebral veins also join the jugulars.

The posterior cardinals remain large as long as the Wolffian body
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is functional, but as the permanent kidneys develop, these veins become
smaller and smaller and ultimately disappear.

The ducts of Cuvier persist in the adult chick as the anterior venae

cava©.

The posterior or inferior vena cava develops from the meatus veno-

sus, which was formed by the union of the two omphalomesenteric

veins. To understand the evolving process by which the posterior vena
cava comes into existence, it is necessary to follow carefully the devel-

opment of the surrounding organs.

The liver forms as a diverticulum from the digestive tract. This

diverticulum then grows around the meatus venosus until it completely

surrounds the meatus. Blood-vessels form in the liver, extending toward
the meatus venosus, into which they open by the fifth day.

At the posterior edge of the liver, there are a number of afferent

hepatic vessels coming from the meatus venosus through which some
of the blood coming to the heart from the vascular area may enter the

capillaries formed in the liver substance.

At the anterior edge of the liver, where the meatus venosus might
be said to be leaving the liver, there is a collection of efferent hepatic

vessels whose distal ends are in direct connection with the capillaries

of the afferent hepatic vessels.

The blood passing through the liver has two courses it may take.

Most of it passes through the large meatus venosus into the heart, but

some of it passes through the afferent hepatic vessels into the liver sub-

stance where it is collected by the efferent hepatic vessels and is carried

to the meatus venosus.

That part of the meatus venosus lying between the afferent and
efferent hepatic vessels, is often called the ductus venosus.

The two allantoic veins already described unite on entering the

body to form a single vein emptying into the left (persistent) omphalo-
mesenteric vein. It is well to remember that as the yolk-sac decreases

in size, the allantois increases, and so, too, the relative size of omphalo-
mesenteric veins and allantoic veins changes ; the omphalomesenteric
becomes smaller and the allantoic becomes larger, so that it almost
seems as though the omphalomesenteric were a branch of the allantoic.

Both of these veins disappear at the time of hatching.

The superior mesenteric artery was formed by the closure of the

ventral body-wall so as to bring the paired omphalomesenteric veins

together, to form a single vessel running from the aorta to the yolk-

stalk. As the yolk-sac atrophies, the proximal portion of the omphalo-
mesenteric artery becomes the superior mesenteric artery.

The mesenteric vein is formed by a union of the veins from the walls

of the hinder part of the digestive tract, which there form a single vein.

This vein is at first quite small, and empties into the omphalomesenteric

vein just before the latter enters the liver. The point of entry may be
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said to be the beginning of where the omphalomesenteric vein becomes

the meatus venosus.

It will be noted, therefore, that the blood which goes to the liver

comes from three sources

:

(1) Through the omphalomesenteric vein, from the yolk-sac. This

blood is rich in food material and has been oxidized in the vascular area.

(2) Through the allantoic vein from the allantois. This blood is

very rich in oxygen.

(3) Through the mesenteric vein from the digestive tract of the

embryo. This blood is venous in character.

The mesenteric vein increases in size with the growth of the

embryo, and after the omphalomesenteric and allantoic veins disappear

at the time of hatching, it persists as the hepatic portal vein of the adult

chick. This large vessel brings blood back from the hinder parts of the

digestive canal to the liver.

On the fourth day, the posterior, or inferior, vena cava proper arises.

It forms between the posterior ends of the Wolffian bodies, and runs

forward in the midline, ventral to the aorta. It joins the meatus venosus

anteriorly between the heart and the anterior edge of the liver, and pos-

teriorly it connects with the permanent kidneys as soon as these are

formed. It also connects posteriorly with the hind limbs and the caudal

region.

The posterior vena cava is at first quite small, but as more and more

blood is sent from the developing metanephroi and the caudal region,

it becomes even larger than the meatus venosus of which it was

originally but a branch.

Just before the vena cava becomes larger than the meatus venosus,

the efferent hepatic vessels have shifted their position so that they now
enter directly into the vena cava instead of the meatus as formerly. In

fact, before the time of hatching the entire portion of the meatus venosus

lying between the heart and liver becomes obliterated, so that all blood

flowing into the posterior end of the liver through the portal vein, passes

into the posterior vena cava through the hepatic vein (Fig. 308, I, J).

The relative changes in the size of blood vessels must be clearly

understood and followed, or the circulatory system of the embryo, and

consequently, also the circulation of the adult will be hopelessly

confused.

It is well kt this point to obtain an idea of the embryonic circulation

of a little later time than that of the fourth day which we have been

discussing.

By the beginning of the sixth day, the septa, which have already been

mentioned, have divided both auricles and ventricles into right and left

halves (Fig. 283). However, neither of these septa are complete. The
septum that separates the two parts of the auricle develops perforations,

and in the human heart these perforations form an oval-shaped opening
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called the foramen ovale, which may, in the abnormal cases, remain open
and thus cause a constant intermingling of venous and arterial blood.

Usually, such persons do not live long, although there are notable

exceptions. This inter-auricular foramen closes at the time of hatching,

so that the blood from the right auricle can be sent to the lungs for

aeration as soon as these organs become functional at birth.

The septa are sufficiently developed so that we may speak of four

divisions or cavities in the heart. This makes a double circulation pos-

sible, namely, the systemic and the pulmonary (up tO' the time of hatch-

ing, the allantoic circulation takes the place of the pulmonary).

By this time, then, the heart is fully formed. The sinus venosus has

been a,bsorbed into the right auricle, of which it forms a part. The open

foramina allow blood to pass back and forth between the auricles. The
ventricular septum is more complete. The truncus arteriosus is divided

into two separate vessels : the pulmonary trunk arises from the right

ventricle, and the systemic trunk arises from the left ventricle.

The aortic arches which are still present are the third, fourth, and

fifth, and small portions of the first and second.

The systemic trunk from the left ventricle leads to the third and

fourth pairs of aortic arches, from which the head and fore-limbs are

supplied.

The pulmonary trunk, arising from the right ventricle, leads to the

fifth pair of aortic arches, which are directly continuous with the dorsal

aorta. It is from these that the small pulmonary arteries arise.

It will be remembered that, as the lungs are not yet functional, there

is little use for these vessels until later. An omphalomesenteric artery

carries blood to the yolk-sac, and a large allantoic artery passes from the

aorta to the allantois.

The venous system consists of the right and left anterior venae

cavae, and the posterior vena cava. The former drain the head and

fore-limbs, and the latter the posterior portions of the body, the limbs,

and the kidneys.

Before reaching the heart, the posterior vena cava is joined by the

ductus venosus (through which blood is returned from the yolk-sac,

allantois, and embryonic alimentary canal) by the omphalomesenteric,

allantoic, and mesenteric veins respectively.

All three venae cavae open into the right auricle of the heart, but

due to the position and direction of the opening, and to a valve, the blood

from the posterior vena cava is directed through the foramen ovale into

the left auricle, while the blood from the right and left venae cavae

(anterior) remains in the right auricle.

As the auricles now contract, the blood which has come from the

posterior vena cava is forced into the left ventricle and passes out

through the systemic trunk through the third and fourth pairs of aortic

arches to the head and fore-limbs, while the blood from the anterior
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venae cavae passes out through the right ventricle through the pulmon-

ary trunk and thus through the fifth aortic arches into the dorsal aorta,

from where the blood goes to the body and hind-limbs of the embryo.

A small portion, however, is carried out along the omphalomesenteric

arteries to the yolk-sac and through the allantoic arteries to the allantois

to take up nutriment and oxygen. In the early embryo, a much greater

portion of this pulmonary circulation goes to yolk-sac and allantois.

It is assumed that the vastly greater proportion of blood supply to

the anterior region, as contrasted with the smaller quantity to the pos-

terior portions, accounts for the greater and more rapid development of

the head region, which, it will be remembered, is the first part of the

chick to develop.

The disproportionate development of the head may be realized when

it is known that the human child at birth has a head about one-fourth the

length of its entire body, while in adults the head extends to only one-

seventh of the body's length.

At about the time of hatching, the ductus BotaUi (which it will be

remembered is that portion of the fifth aortic arch lying between the

dorsal aorta and the point of origin of the vessel that runs to the lung)

—

(Fig. 309)—closes up entirely, so that the blood from the right ventricle

must pass through the pulmonary veins back to the left auricle.

The lungs now become functional and the true pulmonary circula-

tion is established. The allantoic circulation, which is no longer needed,

ceases, while the allantoic arteries and veins disappear, as do also the

omphalomesenteric arteries and veins when the yolk-sac has finished its

work, and the hatched chick can take in its own food.

It is at this time also that the entire supply of blood, which goes to

the liver, passes through the mesenteric vein, which is now called the

hepatic portal vein,. The ductus venosus has closed, and so all blood

brought to the liver must pass through the hepatic capillaries before

reaching the heart.

The foramen ovale does not close immediately after hatching, but

does so in a few days. As soon as it does, all blood returned to the

heart by the three venae cavae is emptied into the right auricle from

which it is then forced into the right ventricle, thence through the pul-

monary artery to the lungs, and back through the pulmonary veins to the

left auricle, from which it is forced into the left ventricle, and finally

through the systemic trunk. Such an entire separation of venous and

arterial bloo^ is called a double circulation.



CHAPTER X
THE COELOM AND THE MESENTERIES

IN
OUR account of the earthworm (Vol. I), the student was introduced

to all higher forms of animals possessing a coelom or body-cavity.

The chapter on the earthworm should be reviewed at this point.

Then, too, in the early part of our work on chick embryology, we
have seen how the mesoderm divided into splanchnopleure or somato-
pleure, and how the organs growing out from their respective beginnings

pushed a layer of one of these coverings before them. And we have also

seen how the chick embryo is quite similar to an animal which has had
a ventral incision made along the midline and then had these two halves

stretched over a yolk-sphere so that its organs or portions of organs,

which developed from two primordia or beginnings, later came
together when the fusion of the ventral body walls produced a single

organ of the two separated halves.

In adult birds and mammals, the coelom, or body-cavity, consists of

three regions, known as pericardial, pleural, and peritoneal. The pleural

region is paired, each half containing one lung. The other two chambers
are unpaired. The pericardial region contains the heart, and the peri-

toneal region contains all the abdominal viscera.

As the coelom arises by a splitting of the mesoderm, and the two
halves of the chick are spread out over the yolk, the coelom is naturally

a paired cavity, only becoming a single cavity when the ventral body
walls of the embryo come together, and the ventral mesentery then

disappears.

There are no segmental pouches in the chick coelom as there are in

some of the lower vertebrates, though it cannot be said that this is unlike

the lower forms ; for, by the time the coelom appears in the chick, the

pouches would already be broken through any way, and have become
connected.

As the mesoderm splits and the splanchnopleure and somatopleure
extend out over nearly the entire yolk-sac, it is to be understood that

much of this split mesoderm is extra-embryonic. This has already been
described in an earlier chapter.

Here we are concerned with the embryonic coelom.

The portion of the embryonic coelom which gives rise to the three

body-cavities mentioned above is marked off by a series of folds which
separate the body of the embryo from the yolk. With the closure of

the ventral body walls, the embryonic coelom becomes completely sepa-

rated from the extra-embryonic though in the yolk-stalk region it

remains open much longer than in other portions (Fig. 281, C to G).
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It is this same closure of the ventral body walls which also brings

the two portions of the gut together ventrally. This causes the newly-

closed gut to lie between the two layers of splanchnic mesoderm, while

the body-spaces on each side form a right and left coelomic chamber.

In fact, there are double layers of mesoderm which enclose and support

the gut. These double layered supports are called mesenteries. The
dorsal mesentery remains as a continuous support—at least the greater

portion of it does—but the ventral mesentery soon disappears, causing

the right and left coelomic cavities to become confluent.

In the liver region, however, the ventral mesentery does not dis-

appear (Fig. 293). The liver arose by a ventral outgrowth of the gut

and extended into the ventral mesentery. As the liver grows ventrally

from the digestive tract there is a portion of the ventral mesentery lying

dorsal to the liver, that is, between the liver and the gut. This persists

as the gastro-hepatic omentum while the portion ventral to the liver is

called the ventral ligament or the falciform ligament.

The dorsal mesentery persists, as stated, but has different names in

different parts, i. e., mesocolon, where it supports the colon, mesogaster,

where it supports the stomach, etc.

Septa grow out from the body wall to divide the body-cavity into

the pericardial, pleural, and peritoneal chambers mentioned above.



CHAPTER XI
DEVELOPMENT OF THE FIFTH DAY

ON THIS day the head and tail of the embryo have nearly come
together by the gTeat curving- of the chick. The yolk is com-
pletely covered by the blastoderm while nearly two-thirds of the

blastoderm is vascular area.

THE LIMBS

It is during this day that the limb-buds increase considerably in size,

and are marked off into a proximal rounded portion and an expanded

distal region. It is in the expanded distal region that the digits can be

seen to form in cartilage. The rounded proximal portion is slightly bent

at the points where elbow and knee joints will be formed.

The elbow and knee-angles at first are directed almost straight out

from the body, but on about the eighth day both fore and hind-limbs

rotate until the elbow-joint points caudad, while the knee-joint points

cephalad.

By the end of the tenth day, both pairs of appendages have their

definite outlines, though feathers and nails are not yet formed.

Although the structures which are to become bones are first out-

lined in cartilage, they later become ossified. There are three well-

formed digits in the expanded distal portion of the fore-limb at this time

with a possible fourth in a rudimentary condition, while in the expanded
distal portion of the hind-limb there are also three well-defined digits

with two in a rudimentary condition.

The development of the bony vertebrae has already been discussed.

Here it is well to state that the ribs develop as cartilaginous bars in the

body wall of the chick. The ventral ends of these fuse ventrally, and
after fusion, a portion of each of the fused ends separates from the

remaining ribs from which they formed. It is this portion which has

separated that becomes the sternum.

THE DEVELOPMENT OF THE SKULL
The skull is divided into two regions: (1) The skull proper, and

(2) the visceral skull. This latter is that portion of the skull which has

developed from the visceral arches.

THE SKULL PROPER
The notochord forms a sort of central portion around which the

vertebrae form. The anterior end of the notochord serves a sort of

similar function in the head region.
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On each side of the notochord, a sheet of cartilage develops,

two sheets are known as parachordal plates (Fig. 310). They
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floor for the mid and hind-brains. These plates then fuse both dorsally

and ventrally around the notochord, and consequently enclose it. The
fused plate is then known as the basilar plate and forms the floor of the

hinder portion of the skull.

The auditory capsules which enclose the auditory organs form and
fuse to the sides of the basilar plate. It is from growths of the basilar

plate and the auditory capsules that the floor and occipital portions of

the skull are formed.

The anterior portion of the skull is formed from two slender rods

lying cephalad to the notochord but which are in connection with the

parachordal plates. These rods are known as trabeculae cranii.

The pituitary body lies between these trabeculae cranii, so that in

fusing as they now do to form the ethmoid plate, the pituitary body
comes to lie in the position where it will

be found when we study the structure in

Comparative Anatomy. •

The ethmoid plate (Fig. 311) extends

cephalad to the tip of the beak to fuse

anteriorly with the olfactory capsules.

The interorbital septum develops as a

large vertical plate from the dorsal surface

of the ethmoid plate along the whole median
line. It is quite common to speak of car-

tilaginous and membranous bones of the

skull. This means only that some of the

bones there formed (in fact, all these we
have just been describing) were first pre-

formed in cartilage, and then became bone,

while the membranous bones were first cartilage, and then, by being

placed where there was considerable stretching, they became quite thin

membranes before they finally ossified.

The membranous bones form the roof of the skull, such, for exam-
ple, as the parietals, frontals, etc.

THE VISCERAL SKULL
It will be remembered that the first visceral arch was also called the

mandibular arch, because it is from this arch that the mandible, or lower

jaw, is formed,^ and that the second visceral arch was known as the hyoid

arch, because it is from this that the hyoid bone, or cartilage which sup-

ports the tongue, has developed. The parts of the skull which are thus

developed from the visceral arches form the visceral skull.

THE HEART
It is during the fifth day that the interventricular septum is almost

tompleted, fusing with the posterior edge of the septum which now

Fig. 311.

Profile view of 2-day chick-skull.

as, alisphenoid; d, dentary; e,

ethmoid; /, frontal; /, prefrontal;
mx, maxillary; n, nasal; ol, lateral

occiptal; os, superior occiptal; pa,
palatine; pm, premaxillary; pt,

pterygoid; q, quadrate; qj, quad-
rate-jugal;

_ «a, cartilaginous wall of
nasal cavity; sq, squamosal; st,

columella; sk, and x., cartilaginous
portion of skull just becoming con-
verted into bone. (Cartilage is

stippled.) (After Boas.)

^The bones of the upper jaw also form from the mandibular arch.
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develops in the truncus arteriosus. This latter septum is formed
between the fourth and fifth pairs of aortic arches and follows a sort of

spiral course caudally to where it joins the interventricular septum. It

is the position and shape of these septa which cause the blood to course

into the different channels as described for the fourth day.

Two sets of semilunar valves have now formed between the two
divisions of the truncus arteriosus and the two ventricles into which
they open. The heart continues growing, but it is not until about the

twelfth day that the interauricular septum has almost completely closed,

leaving only the foramen ovale as a small opening between the two
auricles. The foramen ovale develops a little fold of membrane which
closes the opening entirely some days after hatching.

The ventricles now become thickened to a very considerable extent.

The auricles likewise thicken but not to so great an extent as the ven-

tricles. The ventricular thickenings on the inside of the heart form as an
inward growth of ridges which are called trabeculae carneae. They are

really separate muscle-bundles which help to open and close the valves.

On the sixth and seventh day the distinctly bird-like characteristics

appear. Up to this time the beginner cannot tell the difference between
a chick embryo and that of practically any other one of the higher

vertebrates.

The nasal region now begins to lengthen and the fore-limbs will be

seen to develop into wings.

The allantois has become very large and contains a considerable

amount of fluid.

The omphalomesenteric arteries and veins now pass from the body
of the embryo as single vessels. The yolk, though seemingly as large

as before, is quite liquid in form.

The flexion of the body is less marked than before, while the head
is not so large in proportion to the remainder of the body as formerly.

The cerebral hemispheres can be seen quite plainly, as well as the

beginnings of the tongue-bud.

On the next three or four days the little sac-like regions in which
the feathers develop make their appearance as protrusions from the sur-

face, especially on the dorsal side of the chick, while a chalky patch at

the tip of the nose marks the beginning of the horny beak. The yolk

has become wrinkled and flabby.

After the eleventh day, the abdominal walls become firmer and the

intestines are enclosed in the peritoneal cavity. The body is now com-

plete except for the narrow stalks of the umbilicus and yolk-sac. The
amniotic fluid tends to disappear, which makes the amnion less

prominent.

By the thirteenth day the feathers are well distributed over the

entire body although they do not break through their sacs until about
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the nineteenth day. By this time they are approximately an inch in

length.

On the thirteenth day the nails and scales appear on the toes, and

by the sixteenth day nails, scales, and beak are firm and well developed.

On this day also the cartilaginous skeleton completes its growth, and

various centers of ossification make their appearance.

By the sixteenth day the white of the egg has disappeared and the

mesoderm has divided completely into the splanchnopleure and somato-

pleure all the way around the yolk.

On the nineteenth day the remains of the yolk are drawn into the

body cavity of the embryo.

The embryo begins its development originally by lying with its

axis transverse to the long axis of the tgg, but by the fourteenth day it

turns so that its head is toward the air space at the larger end of the

egg, and at about the twentieth day the chick's beak is pushed through

the inner covering of the air space so that it can now begin using its

lungs. It is at this time that the pulmonary circulation begins. The
blood stops flowing into the umbilical vessels and the allantois conse-

quently shrivels up and is left inside the shell as the chick pecks its way
out.



CHAPTER XII

THE EMBRYOLOGY OF THE FROG
The General Embryology of the Tadpole as Compared

with that of the Chick

A S IN our study of the Embryology of the chick, it is essential that

/\ the student again read the chapters on mitosis, fertilization, and

Jl \the summary on Embryology, and then go over each system in the

developing chick corresponding to the system he may be studying in the

frog. Only in this way can the comparison of the developmental pro-

cesses be understood.

After this has been done, the following groups of Craniata must be

kept clearly in mind to make clear the various embryological relation-

ships which must be referred to, not only in the study of Embryology,

but also in Comparative Anatomy.

CLASSIFICATION OF CHORDATA
(After Newman)

Sub-Phylum I. Cephalochordata (Adelochorda), (Fig. 312).
I. II.

^h'iw ^^<'-: \^^ v??^c:T^^i?

Fig. 312.

I. Examples of Amphioxus (Branchiostoma and Lancelet), Tunicates (First two upper figures),
Lamprey (The large, lower, left-hand figure-adult; and the embryo lamprey, usually called Ammocoetes-^
2 upper right-hand figures), and the Hagfish (2 lower right-hand figures).

II. Sketch of chief kinds of Urochordata showing distribution in sea. Dotted lines on left

indicate life-zones. The surface is called the pelagic zone. (From Herdman.)

This includes but a single family of fish-like creatures, of which
there are about twelve species. The type form is Amphioxus
more correctly known as Branchiostoma.
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Sub-Phylum 11. Urochordata (Figs. 312, 313).

Order 1. Larvacea (Appendicularia), free-swimming forms with

permanent tail.

Order 2. Ascidiacea (Tunicates or Sea-Squirts), fixed forms with-

out tail in the adult.

Order 3. Thaliacea (Salpians), free-swimming forms without tail

in the adult.

II.
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Fig. 313.

UROCHORDATA.
I. Oikopleura in 'house'. The arrow shows course of current.

II. Diagram of Appendicularia from the right side, an, anus; ht, heart; int,

intestine, ne, nerve; ne', caudal portion of nerve; ne.gn', principal nerve
ganglion; ne.gn"., ne.gn"'., first two ganglia of tail nerve; noto., notochordj

oes., oesophagus; or.ap., oral aperture; oto, otocyst (statocyst) ; peri-bd., peri-

pharyngeal band; ph., pharynx; tes., testis; stig., one of the stigmata; stom.,

stomach. (After Herdman.)
III. and IV. Ascidia. Entire animal as seen from the right side and dissection

from the same side, an, anus; atr.ap, atrial aperture; end, endostyle; gon, gonad;
gonad, gonoduct; hyp, neural gland; hyp.d, duct of neural gland; mant, mantle;

ne.gn., nerve-ganglion; oes-ap, aperture of oesophagus; or.ap, oral aperture; ph,

pharynx; stom, stomach; tent, tenacles; test, testes. (After Herdman.)

Sub-Phylum III. Hemichordata (Fig. 314).

Order 1. Enteropneusta, including worm-like forms such as Balano-

glossus.
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Order 2. Petrobranchiata, sessile, tube-dwelling forms

—

Cephalo-

discus and Rhabdopleura.

Order 3. Phrononidia, tube forms—Phoronis (Fig-. 199, Vol. I).

Sub-Phylum IV. Vertebrata (Craniata).

V. VI.

VII VIII.
Fig. 313.

V. Botryllus violaceus.
VI. Composite Ascidian. Diagram of an individual member of a colony ot

composite Ascidians. The zooids are in pairs and seen in vertical section, an,

anus, at, atrium; at', atrium of adjoining zooid; cl, cloaca common to both

zooids; end, endostyle; gld, digestive gland; gn, nerve ganglion; ht, heart; hyp,
neural gland; lang, languets; mant, mantle; or.ap, oral aperture; ov, ovary; periph,

peripharyngeal band; ph, pharynx; red, rectum; stom, stomach; te, testis; tent,

tentacles; tst, test or common gelatinous mass in which individuals are imbedded;
v.d, vas deferens (V, after Mile-Edwards; VI, after Herdman.)

VII. Salpa democratica, asexual form, ventral view, and VIII lateral view in

section, '^c^t, atrial cavity; atr.ap, atrial aperture; br, branchia; branch, dorsal
lamina; ac, ciliated crests on edge of branchia; c.f, ciliated funnel; d.l, dorsal

lip; end, endostyle; ey, eye; gl, digestive gland; gn, ganglion; ht, heart; int,

intestine; Ing, languet; mo, mouth; mus-bds, muscular bands; me.gn, nerve-

ganglion; CO, oesophagus; oe.ap, and or.ap, apertures of oesophagus and mouth;
ph, pharynx; pp, peripharyngeal band; proc, processes at posterior end; sens.org,

sensory organ; st, and stol, stolon; st, on left, stomach; v.l, ventral lip. iVII,
after Vogt and Jung, VIII, after Delage and Herouard.)

Order 1. Cyclostomata (round mouth eels), such as hagfish and

Lampreys (Fig. 312).

Order 2. Pisces (true fish with jaws).
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Order 3. Amphibia (vertebrates with aquatic larvae, but usually

air breathing- in the adult condition), (Fig. 315).

Order 4. Reptilia (cold-blooded, air-breathing vertebrates).

Order 5. Aves (birds, feathered vertebrates).

Order 6. Mammalia (beasts or quadrupeds).

B
II.

Fig. 314.
HEMICHORDATA.

I. Various types of Enteropneusta which are relatives of Balanoglossus. A,
Balanoglossus clavigerus ; B, Glandiceps hacksi; C, Schizocardium brasiliense; D,
Dolichoglossus kowalevskii; a, anus; ab, abdominal and caudal regions; b, branchial
region; c, collar; g, genital region; gp, gill-pore or branchial cleft; an, genital wing;
h, hepatic region; m, position of mouth; p, proboscis; t, trunk. (From Newman,
A, B, C, after Spengel, D, Bateson.)

IT. A and B Rhabdopleura, C, Cephalodiscus dodecalophus. A and C, entire
animals. B, diagram of median longitudinal section of ^. A, a, mouth;, b, anus;
c, stalk of zooid; d, proboscis; e, intestine; /, anterior region of trunk; g, one
of the tentacles. (After Ray Lankester.) B, a, arm; an, anal prominence; col,

collar; col.ne, collar nerve, c.s, cardiac sac; int, intestine; m, mouth; ntc, noto-
chord; oe, oesophagus; pr, proboscis; pr.c, proboscis-coelom; ret, rectum; st, stomach
te, tentacles; tr.c, trunk-coelom; v.n, ventral nerve. (B, after Schepotieff, C, after

Mcintosh.)

EMBRYOLOGY OF THE FROG
The frog is usually considered a transitional form separating the

lower from the higher craniata both embryologically and anatomically.

And, although the craniates vary considerably among themselves, the

frog has enough in common with all such variations to make it a norm,
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or standard type, for constant and valid reference, both as to anatomy
and development. The adoption of a standard makes an understanding,

possible of any special modifications one may find.

Then, so much work has been done in this field that a thorough
understanding of the embryology of the frog is essential to anyone who
wishes to do advanced work in the zoological sciences.

Just as there are various groups of birds with different hatching
periods, so different species of frogs also vary as to the length of time
the embryo requires before being able to emerge from the tgg. But,

iMrniiJixNS

Fig. 315. Examples of tailed and tailless Amphibia.

unUke the birds, the frog passes through a process of metamorphosis,

which simply means that even after the embryo's emergence from the

Qgg, it does not have the adult form, but must pass through still further

changes before becoming a full-fledged frog. In the frog the form which

is assumed at the time of hatching and which later changes on arrival

at adult life, is called the tadpole stage.

Temperature has much to do with both the rapidity with which a

frog's Qgg develops, and with which the tadpole develops into an adult

frog. This, however, is not unlike the hen's egg; for, it will be remem-
bered that after the hen's egg was fertilized and the embryo had already

begun to develop (before the egg has been laid), such an egg could be

placed in a, moderately cool place for many days, which would result in

all development ceasing. If the egg is then placed under a hen or in

an incubator, the embryo again begins to develop.

We shall arrange our study of the frog under two headings : First,

the true embryonic period. This extends from the time the egg is fer-

tilized through blastulation and gastrulation. During this time the germ
layers as well as the larval and tadpole organs form. This period

extends up to the time the tadpole emerges from the egg.

Second, the larval period, from the time of hatching to the time when
the legs ar^ formed, the tail is thrown off, and the animal has become a
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full-fledged frog with all its various organs and the form which it is to

retain throughout adult life.

To grasp fully that which follows, it is necessary to review the

account of the reproductive organs in the chapter on the frog in Volume
I of this work.

As the sperm from the male frog never enter the female body, the

egg must be fertilized after it has been laid. This is quite different from
fertilization in the hen. During the breeding season, as the eggs are

squeezed from the female, the male passes over the eggs and deposits

his sperm upon them. The fertilized eggs begin to divide almost imme-
diately, and within approximately thirty-six hours the blastula stage has

been reached. In about six days, when the embryo is five millimeters in

length, there is already a twitching within the egg, showing that life is

present, and within two weeks after fertilization the embryo wriggles

its way out of the surrounding jelly and becomes a free-living larva or

tadpole. This is the end of the true embryonic period.

__ If the temperature is

higher than normal, such as

it usually is in the labora-

tory, then the larvae may
hatch in five days. In either

case, h o w e V e r, suckers

(Figs. 316, 317, 318) are

formed in the head of a tad-

pole by which it attaches

itself to a jelly-like substance

surrounding the eggs, al-

though it may attach itself

to other objects in the water
as well. Sometimes the tad-

poles will even fall to the

bottom of the water and lie there.

As the mouth opening does not form until two to five days after

hatching, the tadpole naturally cannot take in any food from the out-

side, and so is still dependent upon the undigested yolk within its

body.

So soon as the

tadpole begins to take

in food from the out-

s i d e, the suckers

deteriorate and disap-

pear. From this time

on the tadpoles are

very active. They feed

on almost any plant

Fig. 316.

A frog embryo at the stage of hatching, an.,

Proctodaetim ; aii.c, slight swelling over the rudiment of
the ear; e.g., external gills on gill arches; na., invagina-
tion to form nasal capsule; o.c, slight swelling over the
rudiment of eye; s., sucker; stm., stomodaeum (in-

vagination which will form the mouth. (After Bor-
radaile.)

Fig. 317.

Four stages of the development of the adhesive apparatus
(suckers) of Bufo vulgaris; A, suckers; M, mouth; Sp.T,
spiracular tube. In 3 the gills are almost completely hidden by
the united right and left opercular folds.

The small outline figures indicate the shape and approximate
size of the tadpoles. (After Thiele.)
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or animal debris, and in the laboratory will thrive on a diet of cereals.

As the egg is dependent upon temperature for its rate of speed in

developing, so the rate of speed at which the tadpole grows is dependent

upon the quantity of food it obtains.

External gills used as respiratory organs develop shortly after

hatching. These disappear as soon as the mouth opens, and the true

internal gills are formed. When the true gills form, they are protected

by a cover, called the operculum. The por-

tion underneath the operculum remains con-

nected with the outside by only a single pore

on the left side, known as a spiracle. The
limb-buds appear normally at about four or

five weeks, although in the laboratory, at a

^
j^. ^jg

* higher temperature, much sooner. The
1, Front view of the mouth of a anterior pair develop within the opercular

tadpole of Rana temporaria show-
.

-^ ^
j-

ing the transverse rows of tiny cavity, and Consequently cannot, be seen
horny teeth; 2, Three successive

,
.

, ;_, . - -

horny teeth highly magnified. (After from the OUtSlde. 1 he pOStcriOr deveiOp,

one on each side of the cloaca a little later,

and become quite large and jointed by the end of the second month.

In the meantime the lungs have been growing, and the young tad-

pole comes to the surface of the water to expel small bubbles of air and

to take in a fresh supply. In the comm.on species of frogs, metamor-

phosis begins at about the end of the third month. It is at this time

that the tadpole ceases feeding, and the outer layer of skin, as well as

the horny jaws (Fig. 318), are thrown oflf. The lips shrink, the mouth
is no longer suctorial and becomes much wider, while the tongue

increases in size. The eyes also become prominent. The fore-limbs

appear, the left one pushing through the opening of the gill chamber,

while the right pushes its way through the opercular fold on that side,

leaving a ragged hole. The stomach and liver enlarge, while the intes-

tine becomes shorter and smaller in diameter than before, and the

animal becomes carnivorous. The gill-clefts close and many changes

occur in the blood vessels due to the change in the animal's mode of

breathing. The bladder is formed, the kidneys undergo changes, and
there is a definite sexual differentiation. The tail shortens and is finally

lost as the hind legs continue to lengthen.

If, however, the water has been particularly cold, the metamor-
phosis may be put ofif until the following spring; in fact, it seems normal
with some species to wait even longer than this, namely, as long as two
years, and sometimes three (Necturus) before the adult form is assumed.

A frog's egg is somewhat akin to a chicken's egg which has been
laid without a normal shell. The yolk is a rather blackened mass with
a jelly-like substance surrounding it, similar to the white of the hen's

egg, but without a solid shell. Great masses of the eggs are found in

one place, appearing very much as though dozens of hen's eggs were
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broken, but with the yolks entire. The eggs vary in different species

from one and five-tenths miUimeters in diameter to twice that size. A
little over half of the egg is quite black, due to the pigment granules

contained therein, while the remainder is rather white although, again,

in different species the quantity of pigment may vary greatly. The
darker portion is commonly known as the animal pale and the lighter

the vegetal pole.
'

There are three membranes covering the tgg : primary, that

known as the vitelline membrane. This can sometimes be distinguished

from the pigmented substance lying directly beneath it although some
writers deny that it exists at all.

The secondary membrane (sometimes called the chorion) is a rather

thin but tough layer secreted from the follicle cells of the ovaries.

The tertiary membrane is a thick jelly-like layer derived from the

walls of the oviduct, lying close to the chorion, first as a dense layer,

but later, as it enlarges, it becomes quite clear.

It will be remembered that the yolk granules were quite evenly dis-

tributed in the yolk of the hen's tgg and that the embryo developed upon
the yolk. In the frog, however, the deutoplasm, or food part of the yolk,

all lies at one end—the vegetal pole. Frog's eggs are, therefore, said tp

be telolecithal.

The nucleus lies in the animal pole and has already begun to

divide by the time the egg is laid. In fact, it is already in the metaphase
of the second polar division at that time. The first polar body has been

thrown out and can be seen as a very tiny light spot in the flattened

area of the upper pole.

As the reproductive organs of the adult have just been reviewed

we shall not again discuss them here ; the development of these organs

will be taken up individually at a little later period. The general

development of egg and sperm are quite like that which occurs in the

germ cells of the chick.

FERTILIZATION

The sperm drills its way through the thin jelly of the chorion^and

normally enters the egg substance in the pigmented region. The point

of entry is a meridian passing through both poles of the egg. The
meridian which passes through the animal and vegetal poles of the egg,

as well as through the point where the sperm enters, is called the fertili-

zation meridian. Only one sperm normally enters the egg. Polyspermy
is not, however, rare, but so far as we know, always results in some
abnormal development when it takes place.

It will be remembered that, after one-half of the chromosome mate-

rial of the nucleus of the egg has been thrown out by the two' polar

divisions, the nucleus, which then contains one-half the normal number
of chromosomes, is called the female pro-nucleus. The head of the sperm
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(which also has only half of the normal number of chromosomes) now
enters the egg and leaves a trail of pigment behind it. This sperm, after

entry into the tgg, becomes the male pro-nucleus. The head of the sperm

makes its way directly to' the female pro-nucleus. The tail of the sperm

is thrown off although both tail and midpiece enter the penetration path

(Fig.^319). The head and midpiece, after traveling for some distance in

the egg, rotate so that the midpiece is placed in advance of the head.

The midpiece then begins to dissolve, and to form a typical nucleus with

an opening within. This opening is called a vesicle. The sperm then

changes its course and moves toward the point where male and female

pro-nuclei will unite, unless, of course, the penetration path has already

led in that direction. The path made by the changing of direction of the

head of the sperm is called the copulation path (Fig. 319). This path is

also marked by a trail of pigment as the head of the sperm passes through

the cytoplasm to reach the female pro-nucleus.

Sections through the egg of R. fusca^ showing penetration and copulation
paths, and the symmetry of the first cleavage plane. A, Sagittal section through
the egg before the appearance of the first cleavage; B. Frontal section of the
same stage as A, showing the symmetrical distribution of the egg material. C.
Frontal section through egg in two-cell stage, showing the symmetry of the egg;
the penetration path is not shown, a, Anterior; cp, copulation path; /, left; p,
posterior; pp, penetration path; r, right; s, remains of first cleavage spindle;
sp, superficial pigment; 1, first cleavage furrow. (After O. Schultze.)

After the sperm has entered the tgg, some of the fluid from the Q.gg

proper is withdrawn into a space between the Qgg itself and the chorion.

This is known as a perivitelline space. The egg can thus rotate within

its membrane. From this time onward the pigmented pole is always

uppermost. In unfertilized eggs, the membranes are more or less

adherent. The jelly-like covering of the egg absorbs considerable fluid

and swells up in about a minute after the egg touches water. A close

observation of the jelly shows that it is made up of various layers whose
function is not only to protect the egg from chemical and mechanical

injuries and from being eaten by other organisms, but also to elevate the

temperature of the egg. They accomplish this latter by being trans-

parent spheres which condense the heat rays from the sun and at the

same time check the radiation from the egg itself.
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MATURATION

It has been stated that by the time the sperm enters the egg, the

second polar division has already taken place, or rather, the metaphase
of the second division is in the process of taking place. This division

is completed rapidly and cuts off the second polar body in about thirty

minutes after the sperm enters,the egg. The second polar body is either

the same size or smaller than the first. The egg-nucleus then assumes
its usual form. The polar bodies are often seen floating about in the

perivitelline space.

The male and female pro-nuclei now move toward the center of the

egg and meet in the usual manner. The female pro-nucleus does not

leave any pigment in its trail as does the male. The sperm centrosome

and centrosphere divide to form the poles of a small but typical cleavage

figure which is always located toward the animal pole ; never in the

center of the egg.

Immediately after fertilization there is a streaming of the formative

protoplasm upward and the deutoplasm downward so that the animal

pole obtains practically no yolk and the vegetal pole is composed almost

entirely of it. At this time also, the pigment granules, directly opposite

the point where the sperm enters the egg, are carried away leaving

a somewhat crescent shaped lighter area. This crescentic area extends

from half to two-thirds the distance around the egg and is known as

the gray crescent (Fig. 320). This moving of the heavier portion to one

side changes the specific gravity of the egg so that the portion possess-

ing least weight lies uppermost and close to the gray crescent just

opposite the point of entry of the sperm.

lJv,fet<i I 1 1 xec/ Fe r-t i I \ -TL&dL
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Fig. 320.

Frog's eggs showing formation of gray crescent from side and from vegetal pole.

The animal pole is heavily pigmented.

In about an hour and a half after the entrance of the sperm, in Rana
fusca, according to Bracheti, the egg has arranged itself in the manner
described, and is now ready for the first cleavage. A vertical plane is

drawn through the point where the sperm enters the egg and passes

over the top of thq egg through the egg-crescent. This becomes the

midline on both sides of which the bilateral embryo is to develop.

There are three distinct substances of varying specific gravity in

the frog's egg, namely, protoplasm, pigment, and deutoplasm. These
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do not arrange themselves in the manner described until after fertiliza-

tion, so that we may say that bilateral symmetry in the frog's egg is

potential but not actual until after fertilization and the rearrangement

of these three different substances.

^ The original cleavage plane lies at right angles to the Qgg axis, but

not at right angles to what is to become the axis of the embryo itself.

There is no direct relation between the plane of the first furrow in

cleavage and the fertilization meridian. The midline of the developing

embryo and the penetration path of the sperm normally correspond to a

vertical plane known as a gravitational plane, drawn through the egg
after the particles of protoplasm and deutoplasm have rearranged them-

selves according to gravity. All of these correspond to the first cleav-

age furrow, though many variations of this occur.

THE FORMATION OF THE BLASTULA
One of the chief reasons for studying the embryology of the chick

before that of the frog is that the three germ layers of the chick are'

more readily seen. The frog's egg divides into two portions, then into

four, eight, etc., quite like the hen's egg, and by^the time there are eight

cells present, the four cells in the region of the animal pole are found
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Fig. 321.

Cleavage of the frog's egg. A, Eight-cell stage; B, beginning
of sixteen-cell stage; C, thirty-two-cell stage; D, forty-eight-cell

stage (more regular than usual); E, F, G, later stages; H, I, forma-
tion of blastopore. The central light area in / is the yolk-plug
while the ring which encases the yolk-plug is the margin of the

blastopore. (After Morgan.)
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to be smaller than the

fouf in the region of

the vegetal pole. The
smaller ones are called

micromeres and the
larger ones macro-

meres. The micro-
meres, after the fifth

cleavage begins, divide

more rapidly than do

the macromeres. By a

continually more rapid

growth of this kind,

the smaller animal cells

soon almost surround

the vegetal or yolk sub-

stance. As the yolk

becomes surrounded

more and more, there

is a somewhat central

region where the yolk

can still be seen from

the exterior. This por-

tion of the yolk is

called the yolk-plug,

while the margin of

darker animal cells im-

mediately surrounding

the yolk-plug is called

the blastopore (Figs.

321, 323).

Fig. 322.

First two figures, photographs of Frog Blastulas. A to F, median sections through Blastulas and

Gastrulas of A, Cynthia bipartia with 64 cells (this is a member of the tunicates). B, Gastrula ot

Ciona intestinalis (also a tunicate). C, Gastrula of Amphioxus; D, Blastula oi Axolotl (Mexican

salamander which breeds in the larval stage); E, Gastrula of an early stage of Turtle {Cheloma

caouana), F, gastrula of a later reptilian stage (in the Gecko), (A to F after Babl and Van Beneden).



Embryology of Tadpole and Chick 131

The fact that the entire yolk comes to lie within the blastoderm,

causes much of the growth process to be hidden from view. In fact,

Professor Johnstone of Cambridge University suggests that the frog

embryo may not have the three regular germ layers at all. We think

they are present although pressed together so closely that it is practi-

cally impossible to distinguish them.

A slight separation of the darker cell layer in the yolk-plug region

leaves an opening called the segmentation cavity or blastocoele (Figs.

322, 323). The portion of the pigmented layer, which has separated from
the yolk-plug, will now be known as the dorsal lip of the blastopore (Fig.

323).

The segmentation cavity forms near the animal pole. The entire

blastula, however, is not much larger than the original egg because,

although there are now thirty-two to sixty-four cells definitely formed,

these have been formed by constant cell division without much growth
after dividing. The roof and walls of the segmentation cavity are, there-

fore, composed of the external pigmented animal cells. These cells are

of different shapes and sizes, rather irregular and loosely arranged, and
really divided into two sheets, one lining the blastocoele while the other

forms the true outer layer of the blastula. It will thus be seen that

the frog blastula is not made up of a single layer of cells but of a double

Fig. 323.

Median sagittal sections through a series of gjastrulas of the frog (R. tern-
poraria). The figures illustrate the change in position of the whole gastrula. as
well as the phenomena of gastrulation proper. A. Commencement of gastrulation;
earliest appearance of the dorsal lip of the blastopore. Internally the gastrular
cleavage is indicated. B. Invagination more pronounced; beginning of epiboly.
C. Invagination, epiboly and involution in progress. The gastrular cleavage is
now indicated on the side opposite the blastopore. Rotation of the gastrula. D.
Just before the ventral lip of the blastopore reaches the median line. The in-
dentation of the wall .of the segmentation cavity is an artifact. E. Blastopore
circular and filled with yolk plug. Gastrula beginning to rotate back to its original
position. Peristomial mesoderm differentiating. F. Segmentation cavity nearly
obliterated. Neural plate established. G. Gastrulation completed, a, Archenteron;
h, blastopore; c, rudiment of notochord; ec, ectoderm; en, endoderm; gc, gastrular
cleavage; ge, gut endoderm; m, peristomial mesoderm; np, neural plate; nt, transverse
neural ridge; s, segmentation cavity or blastocoele. (After Brachet.)
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layer of animal cells. This double layer is the ectoderm. The floor of

the blastocoele is made up of the large vegetal cells.

As the pigmented animal micromeres divide more rapidly from now
on, they naturally must grow toward the equator. This causes a thin-

ning of the roof but a thickening of the walls of the segmentation cavity.

The equator of the blastula seems to be the region in which the cells

multiply most rapidly, and this equatorial region is called the germ-ring

or growth zone (Fig. 324).

At the time when the germ-ring begins its rapid multiplication of

cells, the gray crescent extends downward rather rapidly. This region

is to become the posterior, or caudal, side of the embryo. The germ-ring

from now on continues extending beyond the equator into the vegetal

region until it lies approximately half way between the equator and veg-

etal pole. This growing of the germ-ring pushes the yolk more and
more within the overgrowing animal cells as already mentioned. The
yolk thus being pushed within, naturally forces the floor of the segmenta-

tion cavity into a convex arch.

This is considered the end of blastulation in the frog's egg.

THE FORMATION OF THE GASTRULA
We have at this point, then: most of the yolk withdrawn within

the overgrowing animal cells, two layers of which form the outer cover-

ing of the blastula at the animal pole; a segmentation cavity with its

floor convexly arched ; and a definite antero-posterior differentiation, the

posterior side being marked by the gray crescent.

The development of the gastrula begins just beneath the posterior

lip of the blastopore by a groove which forms directly between the ani-

mal cells and the yolk cells (Fig. 323, A, gc). The groove itself is lined

by both kinds of cells on its opposite faces. We know from the develop-

ment which takes place later that this groove is the real beginning of

invagination. The groove itself becomes the archenteron or primitive

intestinal tract (Fig. 323, C, E, F, G, a). The upper lip of this groove is

the rim of the blastopore (Fig. 323, b). The animal cells become the

ectoderm and the yolk cells become entoderm.

As the yolk is pushed within the blastula it causes a narrow groove

to form in the region of the blastocoele. This groove separates the rising

floor from the remaining yolk and finally becomes a definite narrow
slit which splits off the ectoderm and entoderm at the point of invagina-

tion. The original groove is known as the gastrular groove, and the

splitting off into ectoderm and entoderm is called gastrular cleavage

(Fig. 323, A, gc). This gastrular cleavage extends from the dorsal lip

of the blastopore entirely around the gastrula to the opposite side from
where invagination takes place.

In the invagination area a definite tongue of ectodermal cells pushes
inward (Fig. 323, C, en) to join directly with the inner yolk cells to
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form the entoderm. Due to their position, the inner yolk cells are also

entoderm, although they do not form by a true invagination.

Viewing the entire egg externally, during the process of gastrula-

tion, we may consider the germ-ring as something like a rubber band

placed about an ordinary ball in an equatorial plane. By sliding the

rubber band off the ball toward one side, we may understand how the

germ-ring brings its lateral region together in the mid-rim in the pos-

terior or caudal reg-ion. This coming together not only pushes the

underlying cells within, but causes the entoderm to extend further inward

and thus increases the cortical extent of the archenteron.

We, therefore, have the first invagination of the pigmented cells

forming the dorsal lip of the blastopore ; the invagination then extends

laterally in both directions to form the lateral lips of the blastopore; and

finally the process of invagination continues around to the side of the

gastrula, practically to a point almost opposite to where it began, and

where the ventral lip of the blastopore is formed. This completes the

entire blastopore. After the yolk plug has disappeared within the gas-

trula, the blastopore remains a narrow, elongated slit connected with

the archenteron.

The method by which the blastopore grows by concrescence to

form the primitive streak has already been described in the case of the

chick, a rereading of which should be done at this point. Comparisons
should constantly be made between the development of frog and chick

embryos.

It will be noted from what has been said that gastrulation is not so

much formed by invagination in the frog as it is by a delamination within

the gastrula itself.

In fact, among the higher chordates, invagination is sometimes
entirely lacking, so that gastrulation may be accompanied by either

involution, such as takes place in the chick, or by epiboly, which occurs to

some extent in the frog, and by delamination, a process just described.

At this point Figures 321, 323 must be studied to understand the

varying changes of positions of the blastopore brought about by the

rotation of the egg. It is also to be remembered that the blastopore

marks the caudal extremity of the embryo.

The two-layered stage in the frog is of very short duration.

In the inner region, where the germ-ring and the yolk-cells which
line the blastocoele are continuous, there are transitional cells which are

to become the mesoderm (Fig. 324, m). These cells are continuous with
ectoderm on one side, and entoderm or yolk-cells on the other, and can
not be distinguished as definite mesodermal cells until the blastopore is

completely formed.

In other words, the mesoderm first appears as a ring; of cells just

within the margin of the blastopore. This mesodermal region is broad-
ened considerably in the dorsal region.
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As the blastopore closes, it carries mesodermal cells toward the mid-

line (Fig. 324) to form a broad median band extending forward from
the dorsal lip of the blastopore. These cells then multiply and, as the

dorsal lip extends downward, an axial thickening is formed. At this

same time the archenteron extends and carries yolk-cells outward toward
the animal pole so that the extent of the mesoderm is almost as great as

that of the entoderm.

Fig. 324.

Frontal and transverse sections through gastrulas of the frog (J?, temporaria)
of various ages. A. Frontal section through gastrula of same age as Fig. 323.
C. B. Frontal section through gastrula of same age as Fig. Z22>, D. C. Frontal
section through gastrula slightly older than Fig. 323, F. D. Frontal section
through gastrula of same age as Fig. 32, G. E. Transverse section through gastrula
slightly older than Fig. 323, D. F. Transverse section through gastrula slightly
older than Fig. 323, G. a, Archenteron; b, blastopore; c, notochord; ge, gut
endoderm; m, peristomial mesoderm; np, neural plate; s, segmentation cavity or
blastoccele. (After Brachet.)

Then a rearrangement of cells takes place so that an irregular

delamination begins in the dorsal lateral regions on each side of the

thickened axial mass. This delamination extends from there anteriorly

and laterally around the sides of the archenteron. Thus a thick layer of

mesoderm is formed between the entodermal lining of the archenteron

and the outer ectoderm (Fig. 324, m).

At the lower pole, that is, toward the place where the yolk-plug is

being drawn into the interior of the Qgg (Fig. 324, b), the lower surface

of the yolk is also delaminated so that a circular margin of the mesoderm
is formed there. It is from this layer of mesoderm that cells and groups

of cells bud off and pass toward the lower pole— (it is to be remembered
that these cells and groups of cells begin their growth in the lower pole
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region, but lie above the lower pole itself)—toward the ventral portion

of the blastopore, so that a more or less completely continuous layer of

mesoderm is formed between the ectoderm and entoderm.

In the dorsal region of the blastopore, and extending along the dor-

sabaxial mass, delamination does not occur as rapidly as in the ventral

region. The course of delamination is also modified here. This modi-

fication is no doubt due to the fact that in this dorsal axial region the

cells, which are to become mesoderm, are derived from the cells which

invaginated from the outer layer, while in other regions this is not the

case. Then, too, it is in this region that the notochord forms, which

further complicates matters.

In fact, cross sections in the region of the blastopore do not show
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Fig. 325.

A, B, C, Transverse sections of Amhlystoma tadpole. A, through suckers; B, through optic and
olfactory region; C, through gill region.
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lines of demarcation between the notochord, mesoderm, and the dor-

sal entoderm for some little time; but sections through the blastopore

(while the yolk-plug is still protruding) show the rim of the blastopore

to be composed of thick, undifferentiated cells which are a part of the

contracted germ-ring. A little laterally, the ectoderm is separated by
a narrow space or line which has formed during gastrulation, and the

"/f^

D
Fig. 325.

D, E, F, Photographs of transverse sections through 12 mm. frog tadpole.

The sections are cut diagonally; the left eye (right side of figure) lying more
cephalad, is the most anterior. E, immediately posterior to D, but lens was lost in

sectioning; F, immediately posterior to middle cut.
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thin entoderm is separated from the middle layer. This separation of

layers is the delamination process we have been discussing.

As the outer animal cells are pigmented, we assume that whenever
pigment is found in any of the inner cells, it is an indication that such

pigmented cells are derived from the ectoderm.

As the yolk-plug is withdrawn, the blastopore becomes a mere slit,

and the ectoderm and mesoderm separate considerably and dip down-
ward toward the entoderm in the dorsal midline although never so far

F

Fig. 325.
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as to reach the entoderm. This leaves a narrow, vertical ridge of cells

at the midline.

A pair of slight depressions from the archenteron appear only as

virtual grooves formed by pigmented cells. Forward from this, the

lower margins of these grooves come to look like lips which approach the

midline. The mesoderm in the meantime separates from the archenteron

to a considerable extent (Fig. 324).

Still farther forward, the grooves disappear, while the spaces

between mesoderm and entoderm, as well as between mesoderm and ecto-

derm, extend vertically and delimit the pair of mesoderm masses.

The cells thus left in the midline between the mesodermal sheets

formx a wedge-shaped elevation which is continuous with the entoderm.

This is the beginning of the notochord. (Figs. 323, G, c, and 324, F, c).

The notochord is now cut off from the entoderm by a narrow slit

which leaves the archenteron with a dorsal roof, one cell in thickness.

(Fig. 324.)

From this point, posteriorly (toward the blastopore), the grooves

of the archenteron are better marked.

THE MEDULLARY PLATE
At the same time that the notochord is developing, the medullary

plate is also being formed (Figs. 324, np, and 326, everything above

mes.), partly from the medial band of cells which extends from the

region of the dorsal lip of the blastopore nearly to the animal pole, and

partly from the axial thickening caused by the confluence of the lateral

portions of the germ-ring.

The inner portion of the former region is called the nervous layer

of ectoderm. It is this nervous layer which begins to thicken. By
the time the blastopore has begun to close, a thickened medullary plate

has formed over the entire dorsal surface of the gastrula, essentially like

that described in the chick.

At about the time the yolk-plug has disappeared, the lateral ridges

have become elevated to form the lateral neural ridges (Fig. 327, n, f).

Fig. 326,

Transverse section through frog tadpole in the anterior

region of the neural groove, au, eye-pits. (Note the pigment
in the outer cells); ect, outer layer of ectoderm; ent, entoderm;
mes, mesoderm; nr, anlage of the neural crest. (After

Eyclesheymer.)
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These extend from the blastopore to almost directly opposite on the

dorso-lateral portion of the embryo. Here they turn sharply to pass

toward the midline where they meet to form the transverse neural fold.

It is this latter fold which marks the anterior limit of the medullar}^

plate. The median groove becomes more pronounced and is then called

the neural groove.

The important points to bear in mind here are:

First, that, as in the chick and all chordate animals, so too in the

frog, the closing of the blastopore by confluence (extending in an antero-

posterior direction, on the dorsal aspect of the embryo) forms a definite
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Fig. Z21.

Frog embryos. A, from behind and above; B, from in front; C, slightly earlier

than A and B. an., proctodeum (the invagination from which anus will form)

;

hip., blastopore; ga, gill arches; gp., gill plate; nj., neural fold; s, sucker; sp.,

sense plate. (After Borradaile.)

axis, which means that by this confluence, the germ-ring becomes the

axis. It is on each side of this axis that organs and important structures

develop.

Second, that gastrulation involves only the forming of two layers

(ectoderm and entoderm) from the single layered blastula.

Third, that notogenesis includes all the processes involved in the

formation of the medullary plate, notochord, and mesoderm.
Gastrulation is accomplished in the frog chiefly by a delamination

and rearrangement of the yolk cells and only to a slight extent by
invagination. The process of invagination is chiefly concerned in forming
the beginning of the notochord and the mesoderm in the dorsal and
dorso-lateral regions. These latter structures are not formed entirely,

however, by invagination, but also by material from the germ-ring which
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has been carried to the axial region. Invagination, in the frog, is there-

fore considered of minor importance.

Amphioxus is the only chordate which remains in a two-layered

state for some time. All other chordates retain this condition for a short

period; this is so because the mesoderm begins its development almost

at the moment of gastrulation.

In fact, in the frog, mesodermal cells are found almost immediately

after the entoderm cells begin to form. They are found, first, all around

the margin of the blastopore where they form an important part of the

germ-ring. Mesoderm which forms in this way is called blastoporal or

peristomial.

As confluence begins, the lateral portions of the germ-ring are

brought closer to the mid-dorsal region where they become a part of

the axis of the elongating embryo. That is, they form the mesodermal
bands, already referred to, and it is these bands of the germ-ring which
become axial in position, then to be known as gastral mesoderm. This

gastral mesoderm is nothing more nor less than mesoderm derived in

turn from the blastoporal mesoderm. It is no different from any other

mesoderm derived from the same origin, although it lies, of course, in

a different position from the remaining mesoderm. Regarding Amphi-
oxus, however, the above statement would not be true; for, in that

animal, gastral mesoderm and blastoporal mesoderm have different

origins. This difference in origins may be traced to the fact that in the

frog the mesoderm differentiates before gastrulation and confluence,

while in Amphioxus, the mesoderm does not differentiate until after

these two processes have begun.

THE FORMATION OF THE EMBRYO
All that has been discussed so far has taken place within two days

after fertilization. Now the embryo can be seen either lying in a

straight line, or slightly concave, on the dorsal surface. The ventral

surface appears convex. The ectoderm still forms the entire covering

epithelium, although some of these ectodermal cells have developed cilia

which appear just before the fusion of the neural folds. These cilia

beat in a posterior direction to give the embryo a slow rotary motion

within the egg membranes.
The transverse neural fold marks the anterior limit of the nervous

system, while the posterior limit is located just anterior to the dorsal

lip of the blastopore.

As confluence continues, the nervous system comes to extend from
almost pole to pole on the posterior surface of the gastrula, even before

the blastopore has entirely contracted. The gastrula then rotates so

that this posterior portion becomes dorsal ; this brings the transverse

neural fold to the anterior end of the nervous system, while the medul-

lary plate occupies nearly the entire dorsal surface of the embryo.
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The ridges which form on the neural plate, and later fuse in a similar

manner to that described in the chick, begin fusion in the region of the

medulla (Fig. 327) and continue both anteriorly and posteriorly. The
transverse fold extends backward to form the roof of the expanded

brain end of the developing nervous system. It meets the lateral folds

ius the region lying between the fore and mid-brain and as it is the

last region of the neural tube to close, it is called the neuropore. The
neuropore lies just posterior to where the epiphysis is to appear. It is

quite transitory.

Neural crests are formed in the way they w^ere formed in the chick

embryo.
The blastopore has become a narrow slit, the lateral walls of which

fuse, leaving two openings, an upper and a lower. The upper one is

directly continuous with the archenteron while the lower one is known
as the proctodaeum. The proctodaeum is but a slight depression lined

with ectoderm.

The posterior ends of the neural folds extend out from the middle
regions where they fuse, to form the neural tube which then covers the

upper blastoporal opening, thus forming a connection between arch-

Sections of an embryo frog. A, transverse; B, longitudinal, an.,

Anus; cocL, coelom; ect., ectoderm or epiblast; end., endoderm or hypoblast;

f.br., fore-brain; h.br., hind-brain; ht., rudiment of heart; int., intestine;

I.p., lateral plate of mesoblast; Ir, rudiment of liver; m.br., mid-brain;
m.s., mesoblastic somite; mes., mesoblast; mes'., mesoblast continuous with
epiblast of neural canal and hypoblast of notochord; ne.c, neurenteric
canal; nch., notochord; ph., pharynx; pit., rudiment of pituitary, body;
so.m., somatic mesoblast; sp.c, ' spinal cord; sp.m., splanchnic mesoblast;
stm., stomodseum, (After Borradaile.)
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enteron and neural tube. This opening is called the neurenteric canal.

(Fig. 328.)

Just as with the chick, the confluence of the two lateral walls of

the blastopore (which have been formed from the remains of the germ-

ring) bring a median cell mass together in the axial region, in which

ectoderm, entoderm, and mesoderm are fused in a quite undifferentiated

mass. This is the primitive streak. The groove which lies in the mid-

line of the primitive streak is called the primitive groove.

It is from this primitive streak that ectodermal cells are budded

forth into the neural folds and upon the surface of the body. It is from

the primitive streak, also, that mesodermal cells are budded off into the

lateral bands, and entodermal cells into the walls of the archenteron.

At this time the chief characteristic of the brain is the single flexure

around the tip of the notochord (Fig. 329). The hypophysis (pituitary

body) can be seen as a tongue of ectodermal cells just beneath the end

of the fore-brain ; it extends inward a short distance.

T'he rudiments of the eyes (Fig. 326, au) are indicated as small

patches of the deeply pigmented ectodermal epithelium in an antero-

lateral region of the medullary plate.

The rudiments of the ears (Fig. 282, C) are seen as thickened

patches of the inner or nervous layer of ectoderm opposite the region

of the hind-brain. They are difficult to see externally as yet.

The rudiments of the olfactory organs are formed as thickened

patches of ectoderm below and in front of the optic rudiments. The tiny

depressions on the surface which are to form the future olfactory pits

may sometimes be seen at this period.

The notochord is completely delaminated, except in the region of

the primitive streak, by the time the neural tube has closed.

By the time the neural tube is completed, the archenteron is called

a mesenteron; the anterior enlarged end forms the fore-gut, the walls

of which are but one cell in thickness (Fig. 329). The fore-gut region

is also called the pharynx in the embryo. The stomach and oesophagus

are later to be developed from this region.

Sagittal section of Anterior end of a frog tadpole 3.6 mm. long
(Redrawn from Corning.)
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Just in front of the neurenteric canal there is also an enlargement

which forms the hind-gut or rectal portion of the intestine.

The mid-gut is, as in the chick embryo, that small portion in direct

connection with the yolk.

It will be remembered that the true mouth forms in chordates ab

a 'secondary inpocketing of ectoderm. In the frog, the outpocketing

from the fore-gut, which is to meet the ectodermal inpocketing, is seen

just below the fore-brain (Fig. 329, pharyngeal membrane). This is the

region where the mouth will form later.

The liver will be seen as a ventral outgrowth beneath the anterior

end of the yolk mass (Fig. 328).

In sections, the rudiments of the first two or three visceral pouches
can be seen as vertical outgrowths from the sides of the pharyngeal
walls (Figs. 295 and 330). The pouches extend to the ectoderm with

Fig. 330.

A. Horizontal section through an embryo frog some time before hatch-
ing, showing the optic vesicles springing from the sides of the fore-brain, the
three anterior pairs of gill-slits, and five pairs of mesoblastic somites. B. A
similar section through a tadpole shortly after hatching. The head is cut in
a lower plane than in A, so only a small part of the anterior end of the brain
appears in the section. oS the mandibular arch; a", the hyoid arch; a^, the
first branchial arch; bv, blood-vessel in first and second branchial arch; eg,
external gills; ent, enteron; fbr, fore-brain; mch, branching mesenchyme
cells; na, nasal pits; nch, notochord; nps, peritoneal funnel; op. optic vesicle;
ph, pharynx; pnp, pronephros; som, mesoblastic somites which in B are
converted into muscle. I, mandibulo-hyoid slit; // hyo-branchial slit; III-V,
branchial slits. (After Bourne.)



144 The Embryology of the Frog

which they fuse. It is this fusion which causes the depressions in the

ectoderm just back of the head on the external surface.

THE SOMITES
Just as with the chick, somites are formed by transverse division

along the dorsal portion of the embryo, except in the primitive streak

som
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Fig. 331.

A. Tadpole of the frog at the time of hatching, an, anus; e.r.g, external
gills; na, nasal pit; s, sucker; som, somites; st, stomodaeum; yk, yolk-sac.

B. Diagram of a frontal section of a frog larva at the time of hatching
(modified), c, Coelom; d, pronephric duct; F, fore-brain; i, infundibulum;
in, intestine; n, nephrostome; o, base of optic stalk; ol, olfactory pit (placode);

p, pharynx; t, pronephric tubules; II, hyoid arch; III-VI, first to fourth branchial
arches; 1, hyomandibular pouch; 2-6, first to fifth branchial pouches.

C. "A diagram of a transverse section of the frog embrj'o at the hatching
stage. C(£l., CcElom; ect., ectoderm; int., intestine; Ir., liver; m.pL, muscle
plate; nch., notochord; nst., nephrostome; s.d., segmental duct; sp.c, spinal

cord. The glomeruli are seen opposite the nephrostomes. {A and C, after

Borradaile; B, after Marshall.)
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region and in the head region. A complete sheet of mesoderm now sep-

arates ectoderm and entoderm in the embryo from the head region to the

primitive streak region, and this sheet separates into two layers, an outer

or somatopleure, and an inner known as the splanchnopleure. (Fig.

268.)

The thickened region, where the somites form on the dorsal surface

of the embryo along the notochord, is called the segmental plate or

myotomal region, while the portion extending laterally (which is much

thinner) forms the lateral plates.

The coelom develops between somatopleure and splanchnopleure.

As the frog's egg has the yolk-

mass packed within the embryo, this

mass pushes the germ layers close

together, so that they are by no

means as clearly set apart as in the

chick embryO'.

Between the second, third, and

fourth somites and the lateral plates,

small masses of cells remain closely

related to the somatopleure of the

lateral plate. It is these cell masses

which are to develop into the pro-

nephric tubules. All of these struc-

tures must be compared with similar

developmental structures in the

chick embryo, at this point.

The coelom proper can be seen

as a definite space only below the

pharynx in front of the liver (Fig.

331). The heart will develop in the

region where the loosely scattered

cells are seen, ventral to the

pharynx.

THE LATER DEVELOPMENT
OF THE TADPOLE

There are details in which the

various species of frogs vary, but all

pass through the following general

method of development.

It is both interesting and profit-

able to call attention at this point

to the fact that, while the frog was

one of the earliest forms of animal

life studied in the laboratory, and

VC I

Fig. 332.

Diagrams of median sagittal sections of
the anterior ends of frog larvae. A. Of a
larva just before the opening of the mouth.
B. Of a 12 mm. larva (at the appearance of
the hind-limb buds). a, Auricle; ao, dorsal
aorta; b, gall bladder; bh, basihyal cartilage;

ch, cavity of cerebral hemisphere (lateral

ventricle) ; e, epithelial plug closing the
oesophagus; ep, epiphysis; g, glottis; h,

hypophysis; H, hind-brain; hr, cerebral
hemisphere; ht, horny "teeth"; hv, hepatic
vein; i, intestine; if, infundibulum; /, lower
jaw; I, liver; ly, laryngeal chamber; m,
mouth; M, mid-brain; mb, oral membrane
(oral septum) ; n, notochord ; o, median por-
tion of opercular cavity; ce, oesophagus; p,
pharynx; pb, pineal body; pc, pericardial
cavity; pd, pronephric (mesonephric) duct;
pt, pituitary body; pv, pulmonary vein, pIII,
choroid plexus of third ventricle; pIV, choroid
plexus of fourth ventricle; r, rostral cartilage;
ro, optic recess; s, stomodaeum; sv, sinus
venosus; t, thyroid body; ta, truncus arteriosus;
tp, tuberculum posterius; v, ventricle; vc, in-

ferior (posterior) vena cava. (After Marshall.)
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while many hundreds of volumes and articles have been written on it

from many angles, there are nevertheless hundreds of interesting points

in that animal's development which are still unknown. In fact, one

writer says that the gaps that confront one in the study of the frog

assume "remarkable proportions" when one thinks of how much work
has really been done on this much-studied animal.

Then, too, as there is no accurate method of obtaining the age of

a frog, owing to the remarkable influence temperature and food play in

its development, it is often difficult to make clear much that should be

made clear to the student.

Roughly speaking, at the time of hatching, namely about one or

two weeks after fertilization, the larvae of most species are about six

or seven millimeters in length. The tadpole is usually about nine or ten

millimeters in length at the time of the opening of the mouth, and eleven

or twelve millimeters when the limb-buds appear.

THE NERVOUS SYSTEM
There are no neuromeres in the brain region of the frog, though

otherwise the same brain divisions take place, which we have discussed

in the chick.

The tuberculum posterius (Fig. 332, tp) is a thickening opposite the

tip of the notochord in the floor of the brain, while a dorsal thickening

appears in the roof of the brain obliquely upward and forward from this.

A plane passing from the tuberculum posterious in front of the dorsal

thickening separates the fore-brain from the mid-brain, while a plane

passing from the same tuberculum behind the dorsal thickening sepa-

rates the mid-brain from the hind-brain.

The beginning of the brain divisions is quite similar to the three

primary regions mentioned in the chick embryo, and a review of the

matter there given will make the divisions and cavities in the frog brain

understandable.

It will be remembered that the olfactory lobes and the cerebral hem-
ispheres form the telencephalon, and that the telencephalon and the

*'tween-brain" (diencephalon) together form the fore-brain, while the

optic lobes and optic chiasma form the main portions of the mesencepha-
lon. The cerebellum takes up most of the metencephalon, while the

medulla oblongata forms the myelencephalon.

THE FORE-BRAIN
Opposite the neuropore (Fig. 328) the cells of the ectodermal cone

scatter, due to the pushing out of the head tissues in advance of the

brain. Soon all trace of the neuropore disappears except for a slight

indentation known as the olfactory recess, and this also disappears a

short time later.

The lamina terminalis (Fig. 282, C) is a thickening just below the
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hm.

level of the olfactory recess in the anterior wall of the fore-brain.
^

It

extends ventrall;>^ to where the optic stalks protrude. From the drawing

(Fig. 333) it will be noticed that a thickening occurs in the region of the

attachment of the optic stalks to form the torus transversus (Fig. 333, tr)

and the beginnings of the optic chiasma (Fig. 333, cw) and thalami.

The torus transversus becomes the seat of the anterior commissure

(Fig. 333, cpa) as well as other commissures of the brain.

The narrow depression between the thickenings just mentioned

forms the recessus opticus (Fig. 333, ro), which is the passage to the

cavities in the optic stalks.

The infundibulum (Fig. 333, J) is an outgrowth of the posterior

portion of the fore-

brain where it extends

backward under the tip

of the notochord.

The epiphysis, or

pineal body (Fig.

333, e), is an evagina-

tion from the dorsal

wall of the fore-brain

at its posterior limit

where the wall has

become quite thin.

The choroid plexus

(Fig. 333, pch) is the

non-nervous portion of

the roof of the fore-

brain which has be-

come thinned out

considerably, and in

which the blood vessels

lie. This whole region

is pushed into the

third ventricle.

The habenular
ganglia and the haben-

ular commissure (Fig.

333, ch) develop be-

tween the choroid
plexus and the
epiphysis.

The paraphysis (a

dorsal growth) devel-

and commissure considerably

Fig. 333.

Median sagittal sections through the brain of the frog. A.
Of a larva of R. fusca of 7 mm. in which the mouth was open.
B. R. esculenta at the end of metamorphosis, c. Cerebellum; ca,

anterior commissure; cd, notochord; ch, habenular commissure;
cp, posterior commissure; cpa, anterior pallial commissure; cq,
posterior corpus quadrigeminum; ct, tubercular commissure; cw,
optic chiasma; d, diencephalon; dt, tract of IV cranial nerve;
e, epiphysis; hm, cerebral hemisphere; hy, hypophysis; /, in-

fundibulum; M, mesencephalon; Ml, myelencephalon Mt,
metencephalon; p, antero-dorsal extension of diencephalon; pch,
choroid plexus of third ventricle; R, rhombencephalon; rm,
recessus mammillaris; ro, optic recess; se, roof of diencephalon;
si, sulcus intraencephalicus (the groove which forms the hindermost
boundary of the mid-brain); t, telencephalon; tp, tuberculum
posterius; tr, torus transversus (telencephali) ; vc, valvula cere-
belli; vi, ventriculus impar (telencephali) (third ventricle). (From
Von Kupffer, Hertwig's Handbuch, etc.)

Ops in front of the habenular g-anglia

later.
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The cerebral hemispheres appear when the tadpole is about seven

millimeters in length, that is, when it is ready to hatch.

The ventricles are similar to those in the chick.

As all these thickenings and outgrowths appear, the brain itself

seems to straighten the original flexure, but this is only apparent, as the

flexure remains, and the infundibulum still extends below and in front

of the tip of the notochord.

The hypophysis (Fig. 333, hy) grows as an inward extension of the

surface ectoderm to meet with the infundibulum.

THE MID-BRAIN

There is not much change in this region of the brain except that

the ventro-lateral walls thicken, and these thickened portions are known
as the crura cerebri. They connect with the wall of the fore-brain. The
dorso-lateral walls of the mid-brain form the large, rounded optic lobes.

The posterior commissure (Fig. 333, cp) forms the anterior limit of

the mid-brain.

The aqueduct of Sylvius (Fig. 303) is the cavity in the mid-brain

connecting the third ventricle with the cavity in the rhombencephalon.

THE HIND-BRAIN

There is little, if any, line of demarcation in the frog which divides

the hind-brain into metencephalon and myelencephalon.

The cerebellum (Fig. 333, c) is in the region which is commonly
designated as the metencephalon. This organ is quite small in the frog,

and appears late in larval life on the dorsal side of the hind-brain.

The non-nervous thinned-out roof of the fourth ventricle (which

covers the dorsal part of the region of the medulla oblongata or myelen-

cephalon),- (Fig. 333, Ml) forms the choroid plexus of the fourth

ventricle.

The floor of the ventro-lateral walls of the hind-brain becomes thick-

ened and forms the main nervous pathways to and from the nuclei of

origin of most of the cranial nerves.

The brain gradually tapers into the spinal cord at the medulla

oblongata.

The central canal is the central opening running- throughout the

length of the spinal cord. It is continuous with the cavities of the brain.

This central canal is lined with non-nervous cells known as ependymal

cells. The true nerve-cells, which go to make up the main portions of

the wall of the spinal cord, are called germinal cells. These latter are

in turn divided into supporting cells, or glia cells, and the true functional

nerve cells or neuroblasts.

There is no dorsal fissure in the frog's spinal cord as there is in

higher forms, though there is a ventral fissure.

The gray matter of the cord is formed by the neuroblasts.
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THE PERIPHERAL NERVOUS SYSTEM
The peripheral nervous system has been discussed in some detail in

the chick, and will be taken up in still greater detail in our study of

comparative anatomy.

In the tadpole there are some forty pairs of spinal nerves, but only

ten pairs in the adult. They arise by a dorsal and ventral root, which

unite to form the trunk of the spinal nerve, after which this trunk divides

into a dorsal and a ventral ramus, while a ramus communicans connects

the trunk with the sympathetic system.

There are also ten cranial nerves instead of twelve as in the higher

forms.

Fig. 334.

Transverse and frontal sections o£ frog embryo to show position and division of neural
crest in head region.

The V, VII, IX, and X are called branchiomeric nerves on account

of their close relationship to the branchial clefts.

The cranial nerves take their substance from three embryological

elements, namely : (1) the cell masses derived from the neural crests

as described in the study of the chick, (2) cells from ectodermal patches

on the surface of the head, and (3) from the cell processes which extend

outward from the neuroblasts in the ventro-lateral walls of the spinal

chord.

They differ, therefore, from the spinal nerves, for in these (2) is

lacking.

The V, VII, IX and X cranial nerves arise by a single root (though

this may be mixed, i. e., it may be both sensory and motor in function)

to pass into a large ganglion. Beyond this ganglion a large horizontal

branch is given ofif which in turn branches into two rami which pass

anteriorly and posteriorly to the gill cleft with which the particular

nerve is associated.

As in the chick, so in the frog, the cranial nerves develop from the

neural crests left on each side of the central canal after the neural folds
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fuse and the indented ectoderm again returns to its normal condition.

The neural crests are thus left between the central canal and the outer

ectoderm.

The neural crests are quite large in the head region, becoming
smaller toward the posterior region of the embryo. Each crest becomes
divided into three masses as the neural plate begins to close. (Fig. 334.)

The more anterior of these divisions, which lies in the region of the

mid-brain, is the beginning of the V nerve; it forms the trigeminal

ganglion. The middle section is the beginning of the VII and VIII

.yesop.

Fig. 335.

The Nerve Placodes in the head of an Ammocoetes 4 mm. long. V^, first

ganglion of the V cranial nerve; V'^, second ganglion of the same nerve ;_ VII,
ganglion of the VII cranial nerve; IX, ganglion of the IX nerve; X, ganglion of
the X (Vagus) nerve, 1, 8, 13, first, eighth and thirteenth ganglia in the epi
branchial series, br^, hr^, first and eighth branchial pouches; c, ciliary nerve; ch,

notochord; /, lateral ramus of the X cranial nerve; N, anlage of hypophysis; n.a.,.

VI cranial nerve (abducens) ; o., ophthalmic nerve; y./., recurrent branch of VII
cranial nerve (facial); r.v., recurrent branch of X (vagus) nerve; t., TV cranial

(trochlear) nerve; ves.op., optic vesicle. (From Vialleton after von Kupffer.)

nerves ; it is known as the acustico-facialis ganglion ; while the posterior

division forms the beginning of the IX and X nerves, or the glosso-

pharyngeal and vagus ganglia. The three divisions do not separate

entirely from the medullary plate, but remain connected by a very

slender chain of cells to the medullar region of the brain.

When the tadpole has developed three or four somites, the inner or

nervous layer of the ectoderm opposite the crest ganglia proliferates to

form a patch, sometimes three or four cells m thickness. Such patches

are known as placodes (Figs. 268, 335), and are thought to be vestigial

sense organs.

In the placode there is found a superficial sensory element, which
may disappear, and a deep ganglionic element which is usually retained.

It is the ganglionic portion which fuses with the nearest crest-ganglion

to form the principal sensory portions of the nerve.

THE TRIGEMINAL OR V NERVE
This is the principal nerve of the mouth and mandibular arch. The

trigeminal portion of the neural crest is large and extends from the eye

to the hyomandibular cleft (Fig. 335). The ectodermal and mesodermal
cell-groups fuse as the crest ganglion grows downward. In the ventral

region it meets the mesoderm of the mandibular arch.
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It is important that the student note how the mesenchyme of the

mandibular arch is formed by the process of growth just described. The
mesodermal and ectodermal cells have so intermingled at the point of

fusion that the separate cells of ectoderm and mesoderm are now indis-

tinguishable. (Fig. 334.)

The dorsal and superficial cells of the crest ganghon retain their

nervous character and come into close relation to the large placode close

to them ; then the superficial sensory portion of the placode disappears.

The deep or ganglionic portion not only enlarges, but divides into two
parts. The anterior portion becomes the ophthalmic ganglion of the

ophthalmic branch of the V nerve. The fibers of this branch grow
cephalad through the dorsal head region, and also medially connect with

the medulla oblongata.

The posterior portion of the placode ganglion fuses with the crest

ganglion to form the Gasserian ganglion or trigeminal ganglion.

It is from the cells of the trigeminal ganglion that fibers arise which
run to the medulla on the dorsal side. These fibers form the sensory

root of the V nerve.

Then, too, there are fibers which grow out from the ganglion to pass

to the surface of the head to form the cutaneous branch of the V nerve,

while the fibers, which pass in front of and behind the mouth, are called

the mandibular and maxillary branches respectively.

All of these branches, as well as those from most of the branchi-

omeric nerves, can be seen before the opening of the mouth.

THE FACIAL AND AUDITORY, OR THE VII AND VIII NERVES
Both of these nerves are derived from the acustico-facialis crest

ganglion and the placode associated with it. The VII nerve is connected
with the hyomandibular cleft, while the VIII nerve is a purely sensory

(auditory) nerve, and so not one of the branchiomeric series.

The greater portion of the crest ganglion, as with the V nerve,

contributes to the mesenchyme of the hyoid arch, although the nervous
portion of the crest ganglion is more extensive than that of the V nerve,

which is due to the fact that a greater portion of the original ganglion
retains its nervous function.

The superficial, or nervous, character of the placode does not
disappear in this case, but keeps on becoming larger, after which it sinks

below the surface of the head and invaginates to form the auditory sac.

(Fig. 334.)

The deep placode ganglion cells which are in connection with this

sensory epithelium remain in contact with the sac to form the root of

the VIII nerve.

The remaining portion of the placode ganglion joins with the nerv-
ous portion of the crest ganglion to form the ganglion of the VII nerve.
It is from this ganglion that fibers pass to the medulla and to the hvoid



152 The Embryology of the Frog

arch and associated regions, to form the hyomandibular and palatine

nerves.

THE GLOSSOPHARYNGEAL AND VAGUS (PNEUMOGASTRIC)
OR IX AND X NERVES

The remaining visceral clefts, that is, the first to fourth clefts, or

third to sixth visceral arches, are associated with the IX and X nerves.

The IX nerve is limited to the first gill cleft alone, but the X nerve

is associated and distributed to the others. It is to be considered a

compound nerve, as it is made up of several branchiomeric nerves.

The large posterior part of the neural crest in the head region is the

portion associated with the IX and X nerves.

Its growth is much like that of the V nerve, though it does not

assist in forming so much mesenchyme.

The superficial sensory portion of the placode of the IX nerve

disappears, and its ganglionic portion is only slightly related to the crest

ganglion.

Posterior to this, the larger placode of the X nerve appears simulta-

neously, and passes through similar stages ; but in this case there is a

more extensive fusion between it and the nervous portion of the crest

ganglion.

The fibers from the IX and X ganglion pass out together tO' the

medulla as a single root. The anterior cardinal vein partially separates

the IX and X ganglion.

The fibers which pass out from the IX nerve portion of the ganglion

are practically all placodal in origin, and pass to the first branchial cleft

;

while the fibers coming from the mixed ganglion of the X nerve are

connected with all the remaining clefts.

It is well to pay considerable attention to the X nerve, as it is one

of the most important nerves in the body, and is connected with many
important structures.

It is from the X ganglion that other processes than those just men-
tioned, also grow. A considerable tongue of cells grows out posteriorly

to form the sense organs of the lateral line, shortly to be discussed; while

the fibers, which are to become the lateral line nerves, accompany this

tongue (Fig. 340). These latter fibers are present only during the

tadpole stage.

Then there are branches which pass to the thoracic and abdominal
organs to form the visceral branch of the X nerve.

As sensory nerves pass to a general center, and motor nerves pass
from a center to some outlying region, it is well to appreciate how some
of the nerves mentioned above come to be mixed, that is. how they
happen to have both sensory and motor fibers running along side by side.

The motor fibers of the branchiomeric series do not arise by
separate roots (Fig. 336) as do the sensory, but from neuroblasts in the
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walls of the medulla oblongata which send out processes called axons,

which leave the medulla in close association with the sensory roots

already described. These are then distributed with the branches passing

posterior to the gill clefts.

The III cranial nerve is the first of the remaining III, IV, and VI
to appear, although all three of these form later than the ones discussed

above, that is,.they form when the tadpole is five to six millimeters in

length.

The III is called the oculo-motor, the IV the trochlear, and the VI
the abducens. All are motor nerves, which innervate the muscles of the

eye-ball.

The I cranial nerve is the purely sensory olfactory nerve, and the II

nerve is likewise a purely sensory nerve, namely, the optic.

THE SPINAL NERVES
These nerves, unlike the cranial nerves, are related to the somites,

and not to the visceral clefts, and no placodes arei connected with
them.

The two most anterior myotomes
do not have spinal nerves connected

with them, and the myotomes soon

disappear ; but the segments formed in

the neural crests, posterior to the head
region (with the exception of the two
just mentioned), have cell processes

grow out into the cord to form the

dorsal root of the spinal nerves, while

others grow away from the cord to

form the peripheral strands which are-

distributed to the skin and other

sensory surfaces.

The ventral root of the spinal

nerve is formed by outgrowths, or

axons, from the neuroblasts on the

ventral side of the cord, and appear
when the tadpole is about four milli-

meters in length. These then meet the

dorsal root a little distance beyond the ganglion, and pass partly to the

mesodermal myotomes and partly to the sympathetic system.

THE SYMPATHETIC SYSTEM (Fig. 337)

When the tadpole is about six millimeters in length, one may see a

slight collection of cells on the spinal nerves at about the level of the

dorsal aorta. From our study of the sympathetic system in higher

animals, we assume that these cell-groups are composed of elements from
the spinal ganglia, and from some of the posterior cranial ganglia.

Schematic arrangement to show the
composition of the central nerve roots in
shark fins. The motor fibers run to the
muscles, and each motor spinal root is

made up of the fibers of three spinal seg-
ments. NI, II, III, IV, V, Neuromeres;
N2, N3, N4, corresponding motor roots;
M1-M5, Myomeres; 1-10 Divisions of
Myomeres. (From Rabl.)
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The cells themselves migrate ventro-medially to form a pair of

longitudinal sympathetic cords, along each side of the dorsal aorta. It is

from these cords, then, that processes grow back to the spinal ganglia to

form the rami communicantes, as well as outwardly to the various organs
and surfaces.

Other fibers from other spinal ganglia grow out and follow the paths

thus laid down for them, while cells from the sympathetic cord probably
also migrate to form the large sympathetic ganglia found in close con-

nection with the large blood vessels, and the thoracic and abdominal
viscera. The fact of the matter is that the sympathetic nervous system

sp.-s^4

-isc/v

Fig. ZZT.

A. Sympathetic nervous system of the Frog, ao, aortic arch;
ao.c, common aorta; isch, ischial nerve; sp.sy., communicating
branches between the spinal and sympathetic nerves; sy, the two
branches of the sympathetic system; 1-10, spinal nerves. (After
Meissner.)

^
B. One-half of a transverse section of Ammocoetes, in the head-

region. Schematic, ao, aorta; hr.a., branchial branch of nerves; ch,
notochord; ep.br.pl., ganglion anlage which develops where the
epibranchial placode forms; ect, ectoderm; ent., entoderm; lat.pl.,

lateral placode; med.pl., medial placode; med.obl., medulla oblongata
(hind-brain) ;>ni, myotome; s.c.a., subcutaneous branch of the epi-

branchial nerve placode; sp.a., spinal branch running inward; s.pL,
lateral plate of mesoderm; symp.g., sympathetic ganglion. (After von
Kupffer.)

of the frog has not been worked out with any degree of thoroughness,

and we can only suppose many things from our knowledge of other forms

where more is known of this system.

The ganglion of the III cranial nerve is sympathetic in character,

as other cranial nerves may be, but this must be left for future workers
to demonstrate.
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THE EYE (Fig. 338)

The general method of the eye formation is quite similar to that

already described in the case of the chick.

As the outer free rim of the optic cup draws together, it leaves a

small opening which is the rudiment of the pupil. At this time we can

distinguish the inner and outer layer to the cup, and a central cavity.

These are the beginnings of the true retinal layer, the pigment layer, and

the posterior chamber of the eye, respectively.

A choroid fissure is formed, just as in the chick.

The lens forms as a thickening of the ectoderm opposite the pupil,

but this thickening involves only the nervous layer of the ectoderm.

It develops quite like the ectodermal placodes in the formation

of the cranial nerves. In fact, the lens placode lies immediately anterior

to the placode of the V cranial nerve. About the time of hatching, the

lens has formed a prominent rounded thickening entirely cut off from

the ectoderm.

Fig. 338.

Section through the eye of a tadpole at the time when the operculum is

forming, much magnified, ch, choroid; cor, mesoblast cells which will give
rise to the cornea; dm, Descemet's membrane; ep, pigmented external
epithelium; L, lens; mes, branched mesoblast cells; op.n., optic nerve;
pch, pigmented epithelium of the choroid; R, retina; rd, rods and cones
pulled away from the pigmented epithelium of the choroid by contraction
of the preparation; vit, cells of the vitreous humour. (After Bourne.)

This spheroidal mass hollows out, although it again becomes solid

by the cells on its inner side elongating, while the outer side remains

as a thin epithelial layer covering the distal surface of the lens. Then,

as the pupil narrows, the lens comes to lie just within the opening of

the cup.
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Fig. 339.

Reconstruction of smelling apparatus o£ Frog and three transverse sections (on

the right) of tadpole through the regions marked A A, B B, and C C. dr.med.,

glands on the medial side; lat, lateral view of the olfactory cavity; lat-u, com-
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In the chick, and in fact in all vertebrates except the Teleosts, the

lens forms as a hollow vesicle caused by the surface ectoderm invagi--

nating. The choroid fissure of the optic cup closes a day or two before

hatching. The closing begins opposite the pupil.

THE EAR

The auditory placode appears just as the neural folds close. These

placodes then become depressed below the surface of the head and

invaginate to form the auditory sac or otocyst.

This sac at the time of hatching has become completely closed and

separated from the ectoderm from which it arose. Therefore, it comes

to lie in close relation to the lateral surface of the medulla.

The superficial layer of ectoderm continues to remain as a covering

of the region where the placode invaginated. The wall of the auditory

sac is but one cell in thickness, except in the medio-ventrai region. It

is in this region that the ganglionic part of the placode is located. There

is a small finger-like outgrowth from the sac, which extends dorsally

from the medio-dorsal region. This is to become the endolymphatic

duct.

There is little change in the ear region from this time to the opening

of the mouth, that is, until the tadpole is ten to twelve milHmeters in

length. Then development seems to begin again.

The remaining complicated changes in the formation of the inner

divisions of the ear are beyond the scope of this book. The VIII cranial

nerve connects with the ear.

THE NOSE

The olfactory organs appear cj^uite early, in fact before the brain

closes (Fig. 339, na). A pair of ectodermal thickenings appears on each

side of the head just above and anterior to the future mouth region.

Again, only the deeper nervous layer is involved, as with the formation

of the ear; only in this case, the superficial layer of ectoderm does not

remain as a covering but disappears entirely. The thickenings them-

selves lie immediately anterior to the lens placodes, and are called

olfactory placodes.

The placodes invaginate, forming the olfactory pits which are later

to become the true nasal cavities (Fig. 339). A few cells from the inner

surface of the olfactory placode become detached and come into

communication with the surface of the fore-brain to form a sort of crest-

munication of the lateral and lower region of the olfactory cavity; md.h., wall_ of
the mouth-cavity; ma, external nares; o, upper region of the olfactory cavity;

olf, olfactory nerve; o-ti, communication between the upper and lower regions of

the nasal cavities; u, lower region of the nasal cavity. (After Bancroft.)
D, Frontal section of human fetus of 29 mm. (After Tourneaux.)
E, Sections through the nasal region. Bone black and cartilage^ dotted, ds, den-

shelf; g, Jacobson's glands; j, Jacobson's organ; n, main cavity of nose; oj,

opening of Jacobson's organ; t, tooth-germ. (After Schimkewitsch.)
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ganglion. It is from these cells that the sheath cells of the true olfactory

nerves (I cranial nerves) seem to be formed. The olfactory nerves

themselves form from the sensory cells of the olfactory placode.

The olfactory pits are often said to form the anterior nares, while

the openings from the anterior nares into the mouth cavity are called

the posterior nares, internal nares, or choanae, all three terms meaning
approximately the same thing.

The olfactory development is quite complicated and cannot be

worked out in all details by the student in an elementary course such as

this, but it is important that the main features be understood, so that

light may be thrown upon later studies.

The epithelial lining of the olfactory pits forms a cavity on the

dorsal side soon after hatching. This cavity then closes to form a

separate dorso-lateral lobe, which disappears entirely as metamorphosis

continues.

During metamorphosis, various thickenings and outpocketings

appear in the olfactory organ, and there is a sharp bend in the main axis.

The most important of the outgrowths is an extension from the ventral

side of the olfactory chamber, where a solid mass of cells proliferates.

This extended portion then acquires a cavity, grows rapidly, and turns

transversely toward the medial side. This structure is to become

Jacobson's organ (Fig. 339). A large glandular mass develops upon the

medial end of this organ.

Opposite Jacobson's organ another growth appears which is non-

nervous, that is, is not lined with nerve cells. This becomes a large sac,

and the cavity of the sac is then added to the olfactory chamber. Still

another growth appears anteriorly, close to the base of the olfactory

duct. It is into this latter structure that the duct from the lachrymal

glands enters. Still later (about the time of metamorphosis) a dorsal sac

grows out from the medial and posterior walls of the tube.

During the late metamorphosis, the axis of the olfactory organ is

sharply bent by the shifting of the internal nares, and other glands

appear as outgrowths, both in the olfactory chamber and in the posterior

walls of the internal nares.

THE SENSE ORGANS OF THE LATERAL LINE (Fig. 340)

In all gill-bearing animals, and in all animals that have gills at any

time during their development, such as the frog, a series of sensory

organs develop, which are known as lateral line organs. These organs

vary to a very considerable extent, but three or four of them are rather

constant. These are: (1) the supraorbital line, which runs forward from

the ear region over the eye to the tip of the snout. Twigs from the

ophthalmic branch of the VII cranial nerve innervate it.

(2) The infraorbital line, which also runs from the ear region, but
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passes under the eye to the snout. It is innervated by the buccalis nerve

which is a branch of VII.

(3) The hyomandibular line, which runs along the jaw and

operculum. This is innervated by twigs from the mandibularis externus

and finally, (4) the lateral line proper, which may be double. This

extends back to the tail on both sides of the animal, being innervated

by twigs from the lateralis, a branch of the X cranial nerve.

Fig. 340.

The development of the lateral line organs in R. sylvatica. A. Part of a
frontal section through the level of the notochord of a 3.3 mm. embryo. B. Part
of a transverse section through the vagus region of a 4 mm. embryo. C. Part
of a frontal section through a 4 mm. embryo of R. virescens. D. Section through
the lateral line organ of a 15.5 mm. larva of R. sylvatica. a. Auditory vesicle (in

A, its rudiment); b, basement membrane of epidermis; ch, notochord; g, gut; gV,
trigeminal ganglion, of V cranial nerve; gVIII, acoustic ganglion of VIII
cranial nerve; gX, vagus ganglion; gXl, ganglion of the lateral nerve (branch of
the vagus); i, intersegmental thickenings of the epidermis (ectoderm); /, rudi-
ment of lateral line nerve; Ip, lateral plate of mesoderm; my, myotomes; n, inner
or nervous layer of epidermis (ectoderm); nc, nerve cord; p, pigment in epi-

dermis; si, inner sheath cells of lateral line organ; sn, sensory cells of lateral

line organ; so, outer sheath cells of lateral line organ. E, Lateral line canals and
their nerves in a pollack (a fish belonging to the cod group). Canals and brain
are dotted while the lateral nerves are black, b, buccalis ramus of the VII nerve;
dl, dorsal ramus of lateralis of X nerve; h, hyomandibularis nerve; hm., hyomandi-
bular line of organs; io, infraorbital line; 1, lateral-line canal; n, nares; o, olfactory

lobe; op, operculum; os, ophthalmicus superficialis nerve; soc, commissure which con-
nects the lines of both sides ; so, supraorbital line of organs ; st,^ supratemporal part of

lateral line vl, ventral ramus of lateralis of X nerve; x, visceralis portion of X
nerve. {A to D, from Harrison; E, from Kingsley after Cole.)
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There may be also a supratemporal line, connecting the systems of

both sides and extending across the posterior portion of the skull from

one side to the other.

These lateral line organs sink beneath the skin, and usually degen-

erate in water-forms of animals as soon as the animals are ready to live

on land. In a few cases, such as Tritons, Amblystoma, etc., the organs

are said to reappear when the animals return to water to deposit their

eggs.

Various functions are assigned to these sensory Hne organs, but

none has been clearly demonstrated. Probably they assist in recognizing

differences in the vibrations of the water and may permit the animal to

determine currents. They have been called a "sixth sense."

In the frog tadpole, the sense organs of the lateral line are derived

from the placode of the X cranial nerve. The ramus lateralis of the X
nerve innervates the organ.

When the embryo is about four millimeters in length, a small

dorso-lateral section of the vagus ganglion is separated from (though

lying close to) the ectodermal placode. The placode then begins to

elongate posteriorly, while the deep cells proliferate rapidly to form a

long, narrow tongue, which then pushes through the epidermis just

outside the basement membrane. This tongue reaches as far back as

the tip of the tail by the time of hatching.

Along this line, groups of cells form at intervals, each group repre-

senting the beginnings of a definite sense organ of the lateral line. In

each group there are a few central sensory cells surrounded by a layer

of enveloping cells. These groups then push up through the epidermis

to the surface of the body, and the sensory cells develop hair-processes.

There are other tegumentary sense organs developing in definite

rows on the head as well as dorsally from the mid-line to form those

mentioned above, which are innervated by twigs from the VII, IX, and
X cranial nerves.

All of the lateral line organs disappear, however, when the tadpole

becomes an adult frog. ._^



CHAPTER XIII

THE DIGESTIVE TRACT

yi FTER the splitting of the mesoderm and notochord from the ento-

/\ derm, the wall of the digestive tract is but one cell in thickness,

-* ^except in the region of the mid-gut, where the yolk-mass is very

large.

The stomodaeum, already discussed, is a shallow depression just

below the olfactory and fore-brain region. This, by the time of hatch-

ing, while still very shallow, has its floor come to He in contact with the

wall of the fore-gut. The region in which these fuse is called the oral

plate (Figs. 301, I, and 329, Pharyngeal membrane). It is at this point

that the mouth forms a few days after hatching. The oral sucker (Fig.

337) forms just below the stomodaeal invagination.

The margins of the mouth form mandibular ridges which become

drawn out as an upper and lower lip, the lower being the larger and

freely movable. (Figs. 316, 317, 318.)

Strands of cells from the deep layer of the epidermis push toward

the surfaces, and as each cell arrives at the surface it becomes cornified

in a so-called "tooth." The upper lip has three rows of these ''teeth,"

while the lower has four rows. All of these are lost when the tadpole

assumes its adult shape. In the adult form, true teeth and jaws form.

From the fore-gut the following structures are derived (Figs. 328,

329, 337)

:

The Pharyngeal Cavity, the large expansion in the anterior portion

of the fore-gut.

The Oesophagus, that portion of the fore-gut narrowed immediately

dorsal to the yolk.

The Visceral Pouches, seen as vertical solid foldings extending to

the surface ectoderm. Six pairs of these (compare this number with

those found in the chick) develop, increasing in size and importance

posteriorly.

The Visceral Arches (not to be confused with the pouches) are the

vertical rods of mesoderm lying between the pouches.

The hyomandibular pouch is the name given the first pouch.

The Mandibular arch is the first arch, lying in front of the hyoman-
dibular pouch, or in other words, between the hyomandibular pouch and
the mouth.

The I to V Branchial, or gill pouches, are the remaining ones run-

ning posteriorly from the hyomandibular. The hyomandibular is the

first in point of position, but bears a separate name. The numbers thus

begin with the true second pouch.
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The Hyoid Arch is the arch lying between the hyomandibular and

I branchial pouches.

Branchial Arches, or Gill Arches, are the names given to the

remaining arches.

The Branchial Clefts, or Gill Clefts, are the names given the various

pouches after they have opened externally to the surface of the ectoderm,

and internally into the pharynx. The second and third clefts are the

earliest to become perforated, while the hyomandibular pouch does not

become perforated at all, but disappears shortly after the first perfora-

tions occur.

The Eustachian tube

or Tubo-tympanic cavity

of the ear, forms from the

dorsal wall of the hyo-

mandibular pouch.

The External Gills

(Figs. 337, 341), which

appear just before hatch-

ing, are small outgrowths

from the outer surfaces

of the dorsal ends of the

first and second branchial

(second and third vis-

ceral) arches. A small

external gill also appears

later on the third bran-

chial arch. The two an-

terior gills grow rapidly

and form large lobed

processes by the time the

mouth opens. They become vascular and form the first breathing or

respiratory organs of the tadpole. The posterior pair remain in a much
more undeveloped state.

The Operculum (Fig. 341) is the name given to the covering of the

external gills. It makes its appearance before the mouth opens, growing
out from the posterior borders of the hyomandibular arches. These
outgrowths extend backward so rapidly that by the time the anterior

gills have reached their maximum size, the operculum covers them in

what is called the opercular cavity.

The right opercular fold becomes fused with the body, while the left

remains partly open to form the opercular tube or spiracle.

The Internal Gills form as tiny elevations on the postero-external

faces of the branchial arches, just as the gill clefts are perforated. A
thin layer of ectodermal cells covers them, just as it does the external

Fig. 341

Ideal diagrammatic transverse section through a 13 mm.
frog tadpole, showing the first gill arch.

The right side shows the external gills (a.k.) extending
through the gill opening which is almost closed. As the
opening closes the gills draw inward. On the left side the
gill opening is wide open with the external gills showing
themselves free, a.b., the first gill artery; a.k., external
gills; ao, aortic roots; and, otic capsule; c.e., external caro-

tid; d, pharynx; s, lumen of the intestine ;/i/^r, anlage of

the filter apparatus (gill rakers); h, heart; i.k., internal

gills; nr, anlage of the neural canal; op, gill operculum;
v.b.c, common branchial vein; v.b.e., external branchial
vein; v.b.i., internal branchial vein. (After Maurer.)
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gills. These gill coverings become doubled on the first three branchial

arches and remain a single row on the fourth branchial arch.

The Gill Filaments are the branched processes of the gills which

become quite vascular and, as they project into the opercular cavity,

permit the exchange of gases from the respiratory current of water

entering the mouth, which current then passes through the gill clefts

and the opercular tube.

The Velar Plates and

Gill Rakers (Fig. 341,

filtr) form as tiny folds in

the pharyngeal region
which can be best under-

stood by a study of the

cuts. (The velar plates

are the smooth inturnings

of the floor of the pharynx

while the jagged tooth-

like foldings are the gill

rakers.)

The structures men-

tioned above are prac-

tically lost when the frog

reaches adultship,
although portions of these

structures are used in

building and forming
other structures which

will be discussed shortly.

The thymus body
(Fig. 342) appears just

prior to hatching. It is a

solid internal proliferation

from the epithelium of the

upper side of the first

branchial pouch (second

visceral, or hyobranchial

pouch). There is alsO' a

similar outgrowth from the hyomandibular pouch, but this disappears in

a short time. The outgrowth which is to become the thymus grows

slowly and separates entirely from the wall of the pouch when the

tadpole is about twelve millimeters in length.

Both permanent and transient thymus bodies lie close to the outer

surface of the head, immediately behind the auditory capsule and the

articulation of the jaw.

Epithelioid bodies are similar to the thymus glands. These are

Fig. 342.

I. Diagram of the branchial pouch derivatives in the

frog. (After Maurer, with Greil's modification.) eg. Carotid
gland; e^, e^, e^, epithelioid bodies; th, thyroid body;

tm^, tm^, thymus bodies; uh, ultimobranchial body; I-VI,

first to sixth visceral pouches. (/, hyomandibular; II-VI,
first to fifth branchial pouches.)

II. Diagrams of the derivatives of the visceral pouches
and arches in the frog. A. Lateral view, frog larva. B.
Lateral view, after metamorphosis. C. Transverse section

through gill of frog larva. D. Transverse section through
gill region, just after metamorphosis; the gills have not
quite disappeared, a. Afferent branchial arteries; c, carotid

gland; d, dorsal gill remainder; e, epithelioid bodies; g,
internal gills; in, middle gill remainder; o, operculum; s,

suprapericardial or postbranchial body; t, thyroid body; th,

thymus bodies; v, ventral gill remainder; 1-VI, visceral

arches; I, mandibular arch; //, hyoid arch; III-VI, first to

fourth branchial arches; 1-6; visceral pouches; 1, hyo-
mandibular pouch; 2, hyobranchial pouch; 3-6, first to fourth
branchial pouches. (Greil's Modification of Mauer.)
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formed from the dorsal ends of the other branchial clefts and become

lymphoid in character.

The Carotid Glands form from the ventral ends of the anterior gill

pouches as epithelial proliferations at about the time the internal gills

appear.

The Pseudothyroid Body is a small outgrowth in the postero-ventral

branchial region, apparently having no relation with the disappearing

gill-clefts. This body disappears with the exception of traces of the

middle and ventral portions which persist for a short time after meta-

morphosis, after which they, too, disappear.

The Ultimobranchial Bodies
(also called post-branchial or supra-

pericardial bodies) lie posterior to

the fifth visceral pouch. They have
formed as solid proliferations from
the pharyngeal wall just behind the

visceral (fifth) pouch, (fourth

branchial pouch). These bodies are

supposed to represent vestigial por-

tions of a sixth pair of visceral

pouches, although they do not ex-

tend to the surface ectoderm. They
separate from the pharynx and
acquire a lumen, coming to lie on
the floor of the pharynx in a supra-

pericardial position. (Fig. 342.)

The Thyroid Body is formed as

a medial invagination from the floor of the pharynx just a short time

before hatching. It forms as a solid rod of cells, but a few days after

the opening of the mouth it forms a pair of bodies which grow rapidly

and become very vascular. The thyroid body has no genetic relation-

ship to the branchial structures nor do any of the following structures

possess such relationship.

The Lungs develop just before hatching, as a pair of solid prolifera-

tions from the ventral wall of the posterior portion of the fore-gut, just

between the yolk-mass and the heart. The cavities begin to form in the

proximal region'.

The Laryngeal Chamber (Fig. 332, B) is formed by the wall of the

fore-gut between and around the lung diverticula which become
depressed and form a groove, which then (at least partially) constricts

off from the alimentary tract.

The Glottis is the opening which remains in the laryng-eal chamber
as it constricts.

The Tongue appears just before metamorphosis as an elevation in

Fig. 343.

From a model of the duodenum and the

primary evaginations of the liver and pancreas
in a 5 mm. sheep embryo. D.pan., Dorsal
pancreas; Du., duodenum; D.ch., ductus
choledochus; G.bl., gall bladder; H.du., hepatic

duct. (After Stoss.)
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the floor of the anterior portion of the pharynx, just behind the thyroid

region. There is a glandular depression directly in front of the elevation

which is carried forv^ard by the anterior growth of the tongue, so that

the glandular portion becomes the tip of the tongue.

The Liver, one of the earliest diverticula of the alimentary tract,

appears e^en before the embryo itself has begun to elongate. It Hes

beneath the yolk mass and develops from the ventral portion of the fore-

gut, just posterior to the heart. A group of scattered mesodermal cells

lies between liver and heart, which will soon be added to the anterior

wall of the liver rudiment. The anterior portion of the liver becomes

folded after hatching.

The Gall-bladder is formed as a postero-ventral extension of the

liver diverticulum which becomes more or less separated from the

anterior portion of the liver.

The Bile-duct (Fig. 332) is the original opening of the liver

diverticulum into the alimentary tract from which it grew.

The Pancreas (Figs. 343, 293) develops in close proximity to the

liver diverticulum from three separate rudiments, a dorsal and two

ventral. The dorsal rudiment is a soHd outgrowth from the dorsal wall

of the fore-gut. A complete separation between outgrowth and origin

soon takes place.

The right and left ventral rudiments grow out of the fore-gut at the

posterior margin of the bile-duct. These retain their connection with

the gut, enlarge, and after passing around the bile-duct, fuse together

in front of it. The dorsal portion later also fuses with this fused right

and left portion and connects with the gut by the pancreatic duct. At
this period, the pancreatic duct forms the boundary between the fore-gut

and the mid-gut, although later the pancreatic duct comes to lie

within the margin of the bile-duct. Oesophagus and stomach develop

quite as they do in the chick. It will be remembered that the oesophagus

closes for a time in the chick. It does likewise in the frog just after

hatching, when the tadpole is about eight millimeters in length.

The oesophagus, however, again opens just before the mouth is

formed, that is, when the tadpole is about ten or eleven millimeters

long.

The stomach is at first longitudinal, but it soon bends, and comes
to lie transversely. This position is a matter of importance when nerves

are to be traced, for the nerves and blood vessels which are paired and
known as right and left will now be dorsal and ventral, depending upon
the side toward which the caudal end of the stomach turns.

THE DERIVATIVES OF THE MID-GUT

As with the chick, the mid-gut is confined to that more or less

central space where the yolk continues being absorbed and converted into

other substances in the growing embryo and tadpole. After hatching.
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the yolk is absorbed very rapidly, some of the yolk-cells becoming the

epithelial lining of the growing intestine. The intestine is bent into a

transverse loop, called the duodenal loop, with its proximal end at the

posterior portion of the stomach. In fact, the intestine grows to almost

nine times the length of the tadpole's body, but is shortened later to

about one-third the body-length by the time metamorphosis takes place.

The Hypochordal rod is a structure which forms from the mid-gut

as a medial ridge along the surface of its entodermal wall just under-

neath the notochord, although it has no relation to the notochord. It

appears when the tadpole is three or four millimeters in length, and

extends both cephalad and caudad, coming to lie free of the gut wall

when the tadpole reaches a length of 4.6 millimeters. Finally, it can

be seen as a caudal extension from the dorsal pancreas posterior through

the tail. The rod itself is narrow, being only two or three cells in

diameter. Just before the opening of the mouth, it breaks into pieces

and disappears entirely.

THE DERIVATIVES OF THE HIND-GUT
It is in this region that the neurenteric canal is found (Fig. 328),

as well as the proctodaeum. The terminal end of the hind-gut, which

is to become the rectum, fuses with the proctodaeum, and the anal open-

ing perforates the thin sheet which has separated these two structures.

This fusion and perforation takes place at about the time the tail begins

to elongate, namely, when the embryo is about four millimeters in length.

It is the proctodaeal region of both tadpole and frog which forms the

cloaca into which rectal, excretory, and reproductive ducts enter. The
bladder forms as a ventral outgrowth from the cloaca just before

metamorphosis.

The Post-Anal gut is formed by the true hind-gut which remains

within the embryo body proper as the tail continues growing. The nerve

cord and notochord, however, are carried along in the growing tail so

that the neurenteric canal is drawn out caudad. This neurenteric canal

is then cut off from the nerve cord, but for a short period its antero-ven-

tral portion opens into the rectum, and it is this which is known as the

post-anal gut. This gradually closes, although a strand of cells can still

be seen in the region at the time of hatching, extending nearly to the tip

of the tail. It finally disappears altogether.



CHAPTER XIV

THE MESODERMAL SOMITES

A LL THE remaining systems to be described are intimately related

/\ to the mesoderm.
^ ^ The mesodermal region in the chick, posterior to the head,

divides into block-like segments by the formation of connective tissue

septa which form at right angles to the long axis of the embryo. So,'

too, in the frog embryo and tadpole, the mesoderm divides into block-like

segments. These are the somites. And, just as with the chick, so with

the frog embryo, the mesoderm divides into an outer somatopleure and

an inner splanchnopleure layer with an open space between them, known
as the myocoele.

That portion of the somites which lie directly on each side of the

notochord, is known as the segmental, or vertebral, plate, while the por-

tion extending laterad from this segmental plate is called the lateral

plate.

The lateral plates are, therefore, merely direct continuations of the

segmental plates. However, as the somites divide off into blocks, the

vertebral plates become thickened, and not only is the myocoele closed

which lies within them, but a constriction along the long axis of the

embryo separates the vertebral plate from the lateral plate.

As there are no somites in the head region, the mesoderm lies in

the form of scattered groups of mesenchymal cells in the head and

pharyngeal regions.

The somatopleure and splanchnopleure are not of equal thickness.

The outer somatopleure is only one cell in thickness, while the inner

splanchnopleure is much thicker. Therefore, the coelom which lies

between these two layers, lies much closer to the outer portion of the

embryo than to the inner portion.

The one cell-layer, which forms the outer somatopleure in the region

where the somites have formed, is naturally segmented, as that layer is

an actual portion of the somite proper. These one cell-layered segments
of somatopleure are now called dermatomes or cutis plates, because they

will soon join with the ectoderm lying immediately above them to form
the outer wall of the embryo.

The segments of the splanchnopleure, which lie toward the center

of the embryo, are called myotomes, or muscle plates, because it is from
these that the muscle cells will form. In fact, the formation of the

muscle fibrils can already be observed when the embryo is scarcely five

millimeters in length.
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It is the thickening of the myotomes which obliterates the myocoele

quite early.

From the lower ends of each myotome, that is, from those regions

lying ventral and close to the mid-line, cells proliferate and move down-
ward beneath the notochord as well as upward between the notochord

and the myotome. These proliferations form the sclerotomes which are

to become the cartilaginous vertebral column.

Very early, that is, when the tadpole is only about five millimeters

long, the somite proper separates from the lateral plates, and the

sclerotomes separate from the lateral plates.

Immediately after this separation, there are ventro-lateral out-

growths from both myotomes and dermatomes. Those from the

myotomes become the ventral musculature and extend into the limbs as

voluntary muscles, while those from the dermatomes break up into

groups of mesenchymal cells, some of which become connected with the

inner surface of the ectoderm, and form the dorsal covering of the

embryo, while some pass between the myotomes to form the connective

tissue septa, also called myocommata. (Fig. 423.)

There are thirteen pairs of somites formed in the trunk of the frog,

the two most anterior pairs disappearing in the adult. The full-fledged

frog, therefore, has but eleven definite segments. The two anterior

somites become part of the occipital region of the head. In the tadpole,

there are many more somites than the amount stated above, but with

the loss of the tail and the conversion of tadpole into frog, these are lost.

The following table will not only summarize the history of the

somites and spinal nerves, but if carefully, studied will show how the

adult vertebral musculature which connects the posterior half of one
vertebra with the anterior half of the next succeeding one, receives its

innervation from more than one spinal nerve. A clear understanding
of this will help the student very materially in his comparative anatomy.
(See Fig. 336 also.)

TABLE OF SOMITES, VERTEBRAE, AND RELATED NERVES
OF THE TADPOLE

(From Kellicott, after Elliot)

Cartilaginous
Elements in SOMITES NERVES
Sclerotome Embryo Adult Adult

Occipital
Regrion of

1 Absent (Disappears at

formation of limbs)
Root of vagus nerve

Skull
2 Absent (Disappears at

formation of verte-

brae)

No nerve. Ganglion in

embryo only

3 1 Ganglion and Nerve in

embryo
Absent in adult
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1 Vertebra 4 2 1 Spinal Nerve
glossal)

(Hypo-

2 Vertebra 5 3 2

3

Brachial Plexus3 Vertebra 6 4

4 Vertebra 7 5 4

5

6

to body wall5 Vertebra 8 6

6 Vertebra 9 7

7 Vertebra 10 8 7

8

9

Sciatic plexus8 Vertebra 11 9

9 Vertebra 13 10

Part of
urostyle

13 11 10 to pelvic region

Even before the lateral plates are separated from the somites, there

is a tendency to segment in the lateral plate itself, close to the somite.

It is in this region that the excretory system is to be formed, and so

these portions are called nephrotomes, or the intermediate cell mass.

(Fig. 268.)

This mere trace of segmentation in the lateral plate lasts a very
short time. In fact, the lateral plate itself never segments.

The cavity within the lateral plates is the true coelom. Just as in

the chick, when the lateral plates extend further and further ventrally,

they finally meet in the midline and fuse, to form a single coelom where
there had been one on each side before.

This ventral fusion forms the ventral mesentery which soon disap-

pears except in the heart region. The paired coelomic cavities also come
together dorsally between the notochord and the digestive tract, and
fuse to become the dorsal mesentery. This remains as a suspensory
arrangement for the gut (Fig. 293). The gut itself later sinks more and
more ventrally and the mesentery is pulled ventrad with it. The blood
vessels supplying the digestive tract then grow downward through these
two layers of mesentery.



CHAPTER XV
THE CIRCULATORY SYSTEM

THE HEART

IMMEDIATELY cephalad to the liver, just ventral tO' the hinder part

of the pharynx (Fig. 328), is the heart region. Here the somatic and

splanchnic layers of mesoderm have separated by a wide cavity which
is to become the pericardial cavity (Fig. 344), continuous for a time with

the general body cavity, but later closed off.

nd cartl. mef carcl.v.
f n I cant, pt r i ard.'

Fig. 344.

Cross sections of frog tadpole. A and B in the region of the anterior and
posterior portions of the heart respectively; C, through a more or less mid-
section of a more advanced tadpole, for comparative purposes, ect, ectoderm;
end.card., endocardium; ent, entoderm; mes.card.d. and mes.card.v, dorsal and
ventral mesocardium; par, somatic layer of mesoderm (somatopleure)

; per. card.,
pericardial cavity; vise, visceral layer of mesoderm (splanchnopleure). (From
Rudnefif.)

Both pericardial wall and muscular wall of the heart are derived

from the lateral plate mesoderm, while the endothelium—the inner lining

of the heart—arises from scattered mesodermal cells lying between the

splanchnic mesoderm and the digestive tract. These cells can be seen in

the two somite stage.

From Figure 344 one can get a good understanding of how the
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lateral plates extend beneath the pharynx and fuse in the midline to form

the ventral mesocardium.

The splanchnic layer of the pericardium becomes folded dorsally so

as to enclose the endothelial cells which have formed a more or less

short tubular arrangement. Then the folds meet and fuse dorsally to

form another tube on the outside of the endothelial tube. These latter

tubes thus enclose the endothelial tubes and are connected with the

dorsal wall of the pericardial cavity. The connection forms the dorsal

mesocardium. The outer tube forms the muscle of the heart walls.

Much difficulty will be avoided in later studies if, after a review of

the chick's circulatory system, the following account of the heart be

mastered:

The paired endothelial tubes fuse together cephalad to form the

bulbus aortae. Then there are outgrowths which form the beginnings

of the truncus arteriosus or ventral aortae. The endothelial tubes do

not fuse entirely in the posterior region, and are not alike on each side.

The right one is bent and forms the beginnings of the ventricle and the

right vitelline vein. The left one is slightly longer and larger in diam-

eter in the more caudal portion. This is to become the auricle, while its

continuation in a caudal direction will become the left vitelline vein.

Both vitelline veins are connected directly with the yolk-mass and the

liver.

As the embryo develops, the two endothelial tubes fuse quite like

the letter S, after which the dorsal mesocardium disappears, so that, as

in the chick, the heart tube is attached only at its two ends.

The heart now comes to have its caudal end toward the left side

and resting against the liver. This caudal portion is the region of the

sinus venosus and the auricles.

However, as the heart continues growing much more rapidly than

the surrounding portions, and as it is attached only at its two ends, the

cephalic region of the heart and the ventricle region swing downward
and come to lie ventral in position. This naturally forces the auricle

dorsad, and the auricle thus comes to occupy the greater portion of the

dorsal side of the adult heart.

Constrictions separate the heart early into two limbs, but it is only

after the tadpole's mouth has opened that the auricle is divided into

right and left halves by the inter-auricular septum which grows ventrad

from the dorsal wall. The sinus venosus remains connected with the

right auricle, while the pulmonary veins later enter the left auricle. The
pulmonary veins can hardly be seen during the tadpole stage.

The ventricle walls thicken, and a few days after the mouth opens,

the bulbus aortae divide into an anterior and a posterior portion. The
anterior portion is called the truncus arteriosus. This truncus arteriosus

is also divided into right and left channels.
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THE ARTERIAL SYSTEM (Fig. 345)

The Lateral Dorsal Aortae, which are the first to appear, are paired
and He dorsal to the pharynx. They are formed from a series of sepa-
rate spaces in the mesenchyme of the head region which then connect
to form the vessels of the cranial region. ^

The Dorsal Aorta (Fig. 345, ao) is the name given the lateral dorsal
aortae as soon as they fuse medially on the dorsal side of the embryo to
form a single vessel. This vessel extends to the caudal extremity of the
embryo.

The Aortic Arch. An aortic arch forms in each branchial arch, first
as a little vascular space when the embryo is about 4.5 millimeters long.

Diagrams of the heart and chief arteries of a tadpole. A, the vessels
of a tadpole at the stage when three external gills are present; B, the
arrangement when secondary gills are in use; C, the adult arrangement,
a.c, Anterior commissural vessel; a.ch., anterior cerebral artery; a/.,

carotid gland; cu., cutaneous artery; d.h., ductus Botalli; ej., efferent
branchial arteries; ht., heart; hy., efferent hyoidean artery; %., connecting
vessel; /., lingual artery; md., efferent mandibular artery; p.c, posterior
commissural vessel; pl.c, pulmocutaneous arch; pul., pulmonary artery;
sys., systemic arch; tr., truncus arteriosus; v, ventricle; I-IV ., branchial
aortic arches. (After Bourne.)

This space connects ventrally with the truncus arteriosus and dorsally

with the lateral dorsal aorta (Fig. 341, a.b.). It is now called an aortic

arch. There are four pairs of aortic arches lying in the third to sixth

pair of gall arches. The first and second aortic arches are formed in the

mandibular and hyoid arches.

The Afferent Branchial Arteries (Fig. 345, af). As the external
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gills develop, a vessel forms dorso-laterally to the aortic arch, along the

base of the gill to supply it. The vessel opens out of the ventral end

of the aortic arch only to join it again at its upper end. The lower end

of the aortic arch is then called the afferent branchial artery.

The Efferent Branchial Arteries (Fig. 345, ef). These are but the

dorsal ends of the aortic arches. Loops of tiny capillaries form in the

external gill to connect afferent and efferent vessels. Later, after the

external gills are lost and the internal ones developed, part of the aortic

arches disappear, so that afferent and efferent vessels are connected by

vessels of the internal gills. This causes the original aortic arch to

become almost entirely an efferent branchial artery, while the vessel

which connected ventral and dorsal ends of the aortic arch becomes the

afferent branchial artery (Fig. 345).

As the internal gills disappear when the tadpole becomes a frog, the

lower end of the efferent branchial artery, which is the original aortic

arch, again acquires a direct connection with the afferent branchial artery

so that the blood again passes from truncus arteriosus to dorsal aorta.

The gill capillaries diminish and the connection, which has thus been

re-acquired, becomes larger and forms the adult persistent vessels of the

branchial arches. As the -fourth branchial arch has no external gills

developed upon it, the part described above regarding external gills does

not apply to it. In all other respects, its blood supply is similar to those

which do have external gills.

The above description applies to Rana esculenta, which, although

different in detail, is essentially alike in all species.

The following account of the mandibular and hyoid vascular

arrangement is for Rana temporaria:

Hyoidean Vein. This is a small outgrowth of the lateral dorsal

aorta which extends toward, but never reaches the vessel which repre-

sents the aortic arch of the hyoid arch. It disappears at the time the

mouth opens.

At the time of hatching, there is a small outgrowth from the truncus

arteriosus extending into the lower end of the hyoid arch, but this, too,

disappears shortly, though it is at this time that the vestige of the

aortic arch has already become divided into dorsal and ventral portions.

The dorsal portion also disappears, and the ventral becomes the hyoidean
vein. This disappears with the oral sucker.

Pharyngeal Artery. Just before hatching, the vessels of the mandib-
ular arch appear. Here, too, there is a vestigeal aortic arch in the lower

portion of the mandibular arch, which soon unites with an outgrowth

from the lateral dorsal aorta. After vmion, this vessel joins the hyoidal

vein.

After the mouth opens, the outgrowth from the lateral dorsal aorta

separates from the other vessels, growing forward. It is then known



174 The Embryology of the Frog

as the pharyngeal artery, while, as mentioned above, the hyoidean vein

disappears with the oral sucker.

Anterior, or Internal Carotid, Arteries (Fig. 345, car). These are

the extensions of the lateral dorsal aortae into the head. "^

Commissural arteries (Fig. 345, ac). These are the two transverse

connections between the internal carotids, which pass anterior and

posterior to the infundibulum.

Lingual, or External Carotid, Arteries (Fig. 345, 1.). These appear

before the time of the mouth opening as a pair of sinuses in the buccal

cavity. As the mouth opens, they extend backward to connect with the

ventral ends of the efferent branchial arteries of the first branchial arch

at the point where the carotid gland is to develop.

Changes in Aortic Arches. As soon as the gills disappear, there

must naturally be a great modification in the branchial aortic arches

(Fig. 345).

Carotid Arch. As already stated, a continuous aortic arch is

reestablished in each of the four branchial arches when the afferent and

efferent arteries fuse. The first branchial aortic arch, which is the third

arch of the entire series, remains as the carotid arch.

Systemic Arch. The lateral dorsal aorta between the carotid arch

and the aortic arch immediately posterior to it, is reduced to a solid

strand of connective tissue and no longer functions, so that the second

pair of aortic arches (the fourth of the whole series) form the roots of

the dorsal aorta and is called the systemic arch.

Pulmocutaneous Arch. The third aortic arch (the fifth of the whole
series) also becomes a solid strand of tissue and then disappears entirely,

while the fourth (the sixth of the whole series) becomes the

pulmocutaneous arch.

Pulmonary Arteries. These appear just after hatching as small

outgrowths from the upper ends of the efferent branchial, arteries of the

fourth branchial arch, which then extend backward to the lung

rudiments.

Cutaneous Arteries. These leave the pulmonary arteries and extend

dorsally to spread out over the skin of both sides and back.

Ductus Botalli. This, it will be remembered, from our study of the

chick, is that part of the fourth aortic arch between the lateral dorsal

aorta and the origin of the pulmonary arteries (Fig. 345). This portion

slowly atrophies and also becomes a solid strand. Three channels are

now formed in the truncus arteriosus by various septa which divide it

longitudinally. The carotid arches lead from one of these channels,

which receives blood from the left side, while another carries venous
blood from the right side of the heart to the pulmocutaneous arches.

The remaining one connects the systemic arches.
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ORIGIN OF THE CIRCULATORY SYSTEM AND THE BLOOD
About the time of hatching, outgrowths of the dorsal aorta, juSt

back of the pharyngeal region, extend laterally into the region of the

pronephros or head kidney. These later become very large and form

the vascular glomi of the kidney, traces of which remain long after the

pronephros itself has disappeared.

In the frog the origin of the blood itself is by no means well

established. The student should review the work on the chick in this

respect. All we can say in regard to the frog is that when the embryo is

almost ready for hatching, that is, when^ it is four to 4.5 millimeters in

length, irregular spaces appear in the mesenchyme and splanchnic

mesoderm, which later form continuous vessels. The corpuscles may
arise as outgrowths from the endothelial lining of the blood vessels

themselves, or from blood-islands which form on the ventral side of the

yolk mass, or they may possibly form from both these sources.

"z^nt
Fig. 346.

The development of the posterior part of the venous system in the
frog.

_ A. Portion of a transverse section through the posterior meso-
nephric region of an 18 mm. tadpole. B. Diagram of the veins of a 25-30
mm. tadpole. C. Diagram of the veins of the adult from, a, Dorsal aorta;
c, vena cava; e, nuclei of the endothelial lining of the mesopheric sinus,
continuous with the vascular endothelium; /, femoral vein; i, iliac vein; Ic,

lateral mesonephric channel of the posterior cardinal vein; m, mesentery,
tnn, mesonephros; n, mesonephric tubules; p, posterior cardinal veins (in

C showing their original location); pv, pelvic vein; rp, renal-portal vein;
rr, revehent renal veins; sc, sciatic vein; st, nephrostome; u, caudal vein;
vcm, median mesonephric channel of the posterior cardinal vein; W

,

Wolffian duct; x, connection between caudal vein and the lateral meso-
nephric channels; 1-1, part of the renal-portal vein formed from the lateral
channel of the posterior cardinal; 2-2, part of the renal-portal vein formed
from the median channels of the posterior cardinal vein. (After Shore.)

THE VENOUS SYSTEM (Figs. 308, 346)

Omphalomesenteric, Vitello-intestinal, or Vitelline Veins. These
veins are really the first part of the vascular system to form in the

region of the blood-islands. They are paired but not alike on both sides.
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They pass along the lateral surface of the yolk and liver, and enter the

sinus venosus. In fact, the sinus venosus is really formed by a fusion

of these vessels from each side.

Ductus Cuvieri or Cuvierian Sinuses. These are a pair of large veins

which enter into the sinus venosus also and may even form part of that

organ. They come from the body-wall opposite the sinus venosus.

Hepatic Vein. As the liver develops, the omphalomesenteric veins,

which pass through that organ, break up into capillaries within the sub-

stance of the liver. Then the parts of both omphalomesenteric veins,

which lie between the liver and the heart, fuse into a single hepatic vein.

Hepatic Portal Vein. The right omphalomesenteric vein disappears

caudad to the liver, while the left partly remains as the root of the future

hepatic portal vein. This vein will later receive branches from the

digestive tract as well as from those organs which have arisen from the

digestive tract.

Anterior Cardinal Veins. As the ducts of Cuvier pass dorsad to the

dorsal body wall, they divide. One branch passes headward as the

anterior cardinal vein.

Superior Jugular Veins. This is the name given the anterior

cardinal veins as they pass forward into the head, where they drain the

brain and the dorsal portions of the head.

Inferior Jugular Veins. These drain the mouth, sucker, and ventral

surface of the head, and open into the roots of the duct of Cuvier just

before these in turn enter the sinus venosus.

Posterior Cardinal Veins. These are the posterior or caudal

portions of the divided ducts of Cuvier, and are primarily the drainage

system of the body-wall and excretory system. They pass caudad along

the medial side of the pronephric ducts and receive the veins from the

body-wall known as the segmental veins. The posterior cardinal veins

form large sinusoids in the region of the pronephros, but as the meta-

nephros develops, all this is modified, so that at fifteen millimeters the

caudal ends of the veins fuse to form the single median cardinal vein.

Caudal Vein. This begins at the tip of the tail and drains that

region. It is unpaired, but upon reaching the body cavity, divides above

the cloacal region, and then empties into the posterior cardinal veins.

Posterior or Inferior Vena Cava, or Postcaval Vein. This begins

as a branching of the left omphalomesenteric vein lying dorsal to the

liver. From here, the postcaval vein passes through the suspensory fold

of the liver to the right posterior cardinal vein and connects with it just

anterior to the point where the median cardinal vein begins. This vessel

enlarges rapidly to become the largest blood vessel in the body. It

passes through the liver to the sinus venosus. The hepatic vein then

opens into it instead of into the sinus venosus as formerly.

Anterior, Superior, or Precaval Veins. The pronephric portions of
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the postcaval veins degenerate as the pronephroi degenerate, and

ultimately disappear entirely, even before metamorphosis is complete.

These leave the ductus Cuvieri as the proximal portions of the anterior

cardinal veins, and it is these remaining proximal portions which are

called the anterior, superior, or precaval veins. All blood from the

posterior parts of the body-wall and from the tail now passes directly to

the heart through the median cardinal and postcaval veins.

Iliac Veins. The pronephroi are followed by the mesonephroi as

in the chick, and an alteration in the relation of the median cardinal vein

follows. On each side of the body the developing mesonephroi push

into the median cardinal vein, so that this vein is divided into one

median and two lateral parallel channels. The caudal vein empties into

the median channel and finally disappears, and the iliac veins, which

come from the hind-legs, open into the lateral channels. It is the iliac

veins which become the chief vessels leading to the mesonephric region

after the caudal vein disappears.

Adult Venous System. After an understanding of the formation

and change which takes place in the venous system during the embryonic

period, the adult system can be understood.

Afferent or Advehent Mesonephric Veins, or Renal Portal Veins.

These are merely the iliac veins, together with the lateral channels of

the median cardinal vein, with which they are continuous.

Posterior Vertebral Veins. These are the small veins from the

posterior body wall which open mto the renal portal vein.

Renal Veins, or Revehent Mesonephric Veins. These are the short

connecting vessels which connect the vascular space in the mesonephroi

with the median channel of the median cardinal vein, so that only this

median channel remains as a posterior continuation of the postcaval

vein.

Lateral Veins. A pair of these develop late in the ventral abdominal

walls, and open into the sinus venosus. The lateral veins connect with

the iliac veins posteriorly, then fuse medially.

Anterior Abdominal Vein. The anterior ends of the lateral veins

lose their connection with the sinus venosus, while the anterior portion

of the right lateral disappears entirely. The left lateral vein forms a

new connection with the hepatic portal vein, and is then called the

anterior abdominal vein.

Pulmonary Veins. These can be seen, when the tadpole is about
six millimeters in length, as projections of the endothelium on the dorsal

side of the sinus venosus. These projections form a tube, opening
proximally into the left side of the auricle, which distally leaves the wall

of the sinus venosus, and passes dorsally to the lung rudiments. This
tube bifurcates at the base of the lungs, Avhere each branch then passes
along the medio-ventral side of the lung rudiment. After the lungs begin
to function, the pulmonary veins empty into the left auricle.
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THE LYMPHATIC SYSTEM
By the time the tadpole is 6.5 milUmeters in length, one may see

a single pair of "lymph hearts" (Fig. 11, Vol. I). They are sac-like, and

grow out of the intersegmental veins, usually from the fourth pair. That
is, they are outgrowths from the veins which run between the fourth and
fifth myotomes. These "lymph hearts" empty into the posterior cardinal

veins at the more caudal end of the pronephros.

The "hearts" themselves lie between the peritoneum and the outer

covering, and below the level of the m3^otomes. The endothelial lining

of the "hearts" and the blood vessels is continuous.

The "beating" of the lymph hearts is due to a syncytial layer or net-

work of striated muscle fibers immediately outside of the endothelium.

The "beating" begiA,| about the time the mouth opens.

A short time after hatching, that is, when the tadpole is about 7.5

to 8.0 millimeters in length, two lymphatic vessels develop from each

heart. They are known as anterior and posterior lymph vessels. They
follow the lateral nerve in direction, the anterior vessel extending into

the head, and the posterior along the sides of the trunk. Valves guard

the openings of the lymph vessels into the "hearts" as well as into the

veins where they empty.

Fig. 347.

Frog. A, showing anterior lymph-hearts, from the dor-

sal side. B, showing posterior pair of lymph-hearts seen
from the ventral side, gl, gluteus muscle; ic, iliococcygeal

muscle; L, lymph-heart; Is, levator scapulae muscle; A'', spinal
nerve; p, piriformis muscle; r, vastus muscle; ts, transverse
scapularis major muscle; ve, vastus externus muscle; 1-5,

vertebrae. (After Wiedersheim.)

Immediately after these lymph vessels begin growing, they develop

a rich network of capillaries which spread out in all directions. They
are greatest in number close to the skin. Later, as the tadpole becomes

quite large (about twenty-six millimeters), the lymphatic system

becomes well developed.

The anterior lymph vessel, running downward and forward, connects

with a large lymph sinus, around the mouth, heart, and branchial region.

The posterior vessel passes caudad into the tail, and there divides into

dorsal and ventral branches. These dorsal and ventral branches of each
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side then unite to form two large vessels which extend through the tail,

one of them above and the other below the myotomes.

The walls disappear in the network that has grown out from the

lymphatic vessels to form the large subcutaneous lymph sacs already

noticed in the dissection of the adult frog.

The thoracic ducts extend posteriorly from the "lymph hearts" and

are probably outgrowths from them. They lie between the dorsal aorta

and the posterior cardinal veins.

The posterior lymph hearts (Fig. 347)— (one to three pairs in

number)—develop from the intersegmental vein just as did the anterior

hearts, but their development is postponed until the hind-legs appear.

1 ; /

Fig. 348.

Diagrams to illustrate the divisions of the coelom in the various vertebrate
classes. The transverse septum and its derivatives are indicated by thick lines.

A, fishes, showing the division of the coelom into pericardial cavity a, and pleuro-
peritoneal cavity g, by means of the transverse septum d. B., urodeles; similar
to fishes with the addition of the lung h which projects into the pleuroperitoneal
cavity ff, C, turtle; the pericardial cavity a has descended posteriorly until it

lies ventral to the anterior part of the pleuroperitoneal cavity g; the anterior face
of the transverse septum, d, has now become part of the wall of the pericardial
sac; the lung, h, is retroperitoneal. D, early stage of Mammals, showing the
beginning of the coelomic fold (pleuroperitoneal membrane), j, descending from
the dorsal body-wall, and the liver, /, enclosed within the transverse septum, d,
E, later stage of mammals, showing union of the coelomic fold, j, with the
transverse septum d, the two together forming the diaphragm which separates the
pleural cavity k from the peritoneal cavity, m; the liver has constricted from the
main part of the transverse septum, the constriction becoming the coronary liga-
ment, i, a, pericardial cavity; b, heart; c, parietal pericardium or pericardial sac;
d, transverse septum; e, serosa of the liver, this being a part of the transverse
septum originally; /, liver; g, pleuroperitoneal cavity; h, lung; i, coronary liga-
ment of the liver; /, coelomic fold which forms part of the diaphragm; k, pleural
cavity; /, pleuropericardial membrane or anterior continuation of the transverse
septum; m, peritoneal cavity. (From Hyman's "A Laboratory Manual for Com-
parative Vertebrate Anatomy," by permission of the Chicago University Press.)
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Their first openings are into the posterior cardinal vein, which means

that later they empty into the renal portal veins.

The Spleen. This ductless gland is first seen in the developing

tadpole at about ten millimeters. It appears as a mass of mesenchymal

lymphoid cells in the mesentery, immediately dorsal and posterior to the

stomach and around the mesenteric artery.

These cells then multiply and project from the mesentery so as to

have a peritoneal covering, as do all the organs in the body cavity.

Later, as the spleen enlarges, various wandering cells from the intestinal

epithelium seem to be added to it. The spleen is complete and extremely

vascular by the time the tadpole is twenty-five to twenty-seven

millimeters in length.

THE SEPTUM TRANSVERSUM (Fig. 348)

The pericardial cavity, already discussed, has remained open

posteriorly into the abdominal cavity, with the exception of the region

covered by the liver. Now, as the ducts of Cuvier form and pass from

the body-wall to the sinus venosus, they pass through this open region

and carry with them incomplete peritoneal folds from the body-wall.

These folds are called the lateral mesocardia. They remain incomplete

dorsally for a long time, but gradually extend ventrally so as to form a

complete separation between pericardial and peritoneal cavities. This

transverse partition is called the pericardio-peritoneal septum or the

septum transversum. To this septum transversum is added a medial

portion of peritoneum from the anterior face of the liver, while on the

right side the septum becomes continuous with the posterior suspensory

fold of the liver commonly called the mesohepaticum.
After metamorphosis, the septum unites dorsally with the dorsal

mesentery and completes the separation between pericardial and
peritoneal cavities.



CHAPTER XVI
THE UROGENITAL SYSTEM

FROM our study of the urogenital system of the chick, we learned

that while in birds and mammals, a pronephros, a mesonephros, and

a metanephros form, in amphibians, the first two forms of nephridic

organs alone make their appearance, the mesonephros then remaining as

the permanent adult functioning kidney.

We have already spoken of the nephrotomes, which are also called

the intermediate cell mass (Fig. 268).

Some time before hatching, when the embryo is only about three

to four millimeters in length, this intermediate cell mass can be seen as

longitudinal thickenings on each side of the notochord. These thicken-

ings then form a groove, the lips of which soon fuse to form a tube or

duct. This is the pronephric or segmental duct. It is at the anterior

end of this pronephric duct (in the region of the second to fourth

somites) that the pronephros or head-kidney forms as a ventro-lateral

outgrowth.

At this anterior end of the pronephric duct three tiny openings are

left as the lips of the duct fuse. These three openings become the three

pronephric tubules (Figs. 349, 350),' and the openings of these tubules

into the coelom are called the nephrostomes.

The nephrostomes become lined with large cilia which produce a

current out of the coelom. This current then passes by way of the

pronephric duct to the cloaca.

The pronephros itself becomes quite vascular. In the discussion

of the posterior cardinal veins, mention was made of the close relation

of these veins to the excretory system. It will be remembered that they

lie along the pronephric ducts. The elongating of the phronephric

tubules pushes them upward into the posterior cardinal sinus until the

sinus is nearly filled. This means, of course, that the tubules are really

bathed in venous blood. At the same time that this occurs, arterial

blood is brought from the dorsal aorta to the excretory system by arteries

in the form of glomeruli.

The manner in which the glomeruli form is rather complicated.

Opposite the second nephrostome, a fold appears in the splanchnic

mesoderm, when the embryo is about 4.5 millimeters long. This fold

lies parallel to the pronephros itself, becoming- elevated and projecting
into the coelom opposite the nephrostomes. Vascular spaces appear in

this fold, which develop into long convoluted vessels of the glomerulus
proper, and also into a definite vessel which connects with a branch from
the dorsal aorta.
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This region of the body cavity is later cut off from the pronephric

chamber by the lungs, projecting laterally, and carrying a fold of

peritoneum across to the peritoneum which covers the pronephros, fusing

with it for a short distance. The pronephric chamber remains open into

the coelom both anteriorly and posteriorly to the lung region.

The pronephric capsule is derived from two sources, namely : from

the ventro-lateral walls of the myotomes, which normally give rise to

mesenchyme but which here evaginate in the pronephric region over

B

mesonephric

tubule

oephrostome

MESONEPilROS

Fig. 349.

A and B. Diagrams of the development of the excretory system of the frog.
A, The system of a tadpole about 12 mm. long, showing the pronephros and origin
of the mesonephric tubules; B, the system at the end of the metamorphosis. The
broken line represents approximately the position of the strip of peritoneal epithelium
which gives rise to the oviduct. cL, Cloaca; d.ao., dorsal aorta; f.b., fat body;
gl., glomerulus; gr., genital ridge; mes., mesonephros; ms.t., mesonephric tubules;
od., oviduct; ovf., position of oviducal opening; pn.f., pronephric funnels; pnp.,
pronephros; sq., segmental duct. (From Bourne.)

C, Diagram to show the structure of the pronephros and the mesonephros.
Pronephros on the right and mesonephros on the left. The chief difference is in
the relation of the

_
glomerulus ; in the pronephros it projects into the coelom;

in the mesonephros it projects into the tubule, which forms the Bowman's capsule
about it. (From Wiedersheim.)
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both dorsal and lateral surfaces of the head-kidney to meet with folds

coming up from the somatic layer of the lateral plate. This forms a

capsule of connective tissue which encloses not only the pronephros

proper, but also the pronephric sinus of the posterior cardinal vein.

The pronephros is largest when the tadpole is about twelve milli-

meters long. It remains stationary until the twenty millimeter stage,

when it begins to degenerate. Degeneration is not quite complete at

metamorphosis. Various blind outgrowths of the three original tubules

can be seen before degeneration sets in. The pronephric duct closes

just posterior to the pronephros and the tubules break up and disappear.

\ \

• <iiB|i)ao(m||j P^5^

Fig. 350.

Diagrams to show the development of the three kidneys and their ducts and
their relation to the male gonad. A, early stage showing the pronephros a, de-
veloping from the anterior end of the mesomere c and the pronephric duct b, which
has not yet reached the cloaca e, B, next stage illustrating the degieneration of
the pronephros at /, the development of the mesonephros h, from the middle portion
of the mesomere, the junction of the pronephric duct, now the mesonephric duct
g with the cloaca and the beginning of the metanephric evagination t from the
mesonephric duct. C, later stage, showing connection between certain tubules of
the mesonephros and the testis / by means of tubules, the vasa efferentia, p,
which grow out from the mesonephros; and the penetration of the metanephric
evagination into the posterior end of the mesomere where it is subdividing to
form the

_
collecting apparatus /, which becomes associated with the secretory

metanephric tubules m, developed in the mesomere. D, final stage, in which the
mesonephros has disappeared except for the remnant q, which connects with the
testis ; by means of the vasa efferentia p; the mesonephric duct g persists as tlie

vas deferens; the two parts of the metanephros shown in C have united to form
a single organ r. a, pronephros; h, pronephric duct; c, mesomere or nephrotome;
d, intestine; e, cloaca; /, degenerating pronephros; g, mesonephric or Wolffian
duct; h, mesonephros or Wolffian body; i, metanephric evagination from the Wolffian
duct in B, ureter in C and D; j, testis; k, coiled portion of the vas deferens forming
part of the epididymis; /, collecting part of the metanephros derived from the
Wolffian duct; m, excretory tubules of the metanephros derived from the mesomere;
n, nephrostome; o, renal corpuscle or Malpighian body; p, vasa efferentia; q, remnant
of the mesonephros, forming part of the epididymis; r, metanephros. (From Hyman's
"A Laboratory Manual for Comparative Vertebrate Anatomy," by permission of
The Chicago University Press.)
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The nephrostomes, hoAvever, approach one another, and finally meet
to open into a common cavity, called the common nephrostome. This,

then, also closes so that the nephrostomes are entirely cut off from all

communication with the body cavity. The glomeruli also disappear,

although traces of these can still be seen for some months after

metamorphosis.

THE MESONEPHROS OR WOLFFIAN BODY

Just about the time the pronephros attains its full size, or a little

before, the mesonephros, or Wolffian body, begins to form in the region

of the nephrotomes or intermediate cell-mass of the seventh to twelfth

somites. It is both somatic and splanchnic in origin. These nephro-

tomes fuse in a continuous longitudinal strip of irregularly arranged

cells which lie between the pronephric duct and the dorsal aorta, along

the posterior cardinal vein. Little swellings appear in this mass, which
are the beginnings of the mesonephric vesicles. They are more numerous
than the mesodermal segments, and so are not strictly metameric.

Each of these swellings divides into a large ventral and a smaller

dorsal chamber; the larger one is called the primary mesonephric unit

and the smaller the secondary mesonephric imit.

The secondary units divide later to form a tertiary mesonephric

unit.

Each of the three units develops much alike. Figures 349 and 350

show this development. There are two outgrowths, an inner tubule

Avhich grows dorso-laterally to the pronephric duct where it opens, and
an outer tubule which grows ventro-medially to the peritoneum with

which it fuses, and then it empties into the body cavity.

The inner tubules connecting with the mesonephric duct convert

the portion where such connections are formed into the mesonephros or

Wolffian body—the true kidney of the adult frog. The duct itself, in

the region of the connections, is known as the Mesonephric, or Wolffian,

Duct, while the duct posterior to this region is now the ureter.

The inner tubules become elongated and coiled to form the tubular

portion of the mesonephros, while the outer tubules form outgrowths
which later form the capsule around the glomeruli, known as Bowman's
capsules.

A small twig from the dorsal aorta connects with each glomerulus

in a similar manner to the way the glomeruli were formed in the

pronephros. The proximal portion of the outer tubule, from which the

outgrowths arise to form the capsule, now separates from the remaining
tubule, but retains its connection with the inner tubule, and the distal

portion of the outer tubule comes to lie in connection with the body
cavity. This latter connection becomes ciliated and forms a typical
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nephrostome as in the pronephros. The nephrostomal region now forms

another connection at its inner end with the sinus of the posterior

cardinal vein, in which sinus the mesonephric tubules lie surrounded by

venous blood.

Many, as high as two hundred, outer tubules and nephrostomes may
be formed from the three units described, and possibly some may be

formed also by independent evaginations from the peritoneum, or even

by splitting of those previously formed.

The urinary bladder is a median ventral outgrowth from the wall

of the cloaca nearly opposite the openings of the ureters.

THE REPRODUCTIVE SYSTEM

The mesonephric duct becomes divided somewhat obliquely into

two portions in front of the mesonephros, the more anterior portion now
being the Miillerian duct, while the posterior portion forms the Wolffian

duct. The Miillerian duct connects with the peritoneal epithelium

anteriorly and empties posteriorly into the cloaca. In the male frog, this

duct persists as a mere longitudinal streak on the outer side of the

kidney, and extends some distance in front of it. In the female frog, this

Miillerian duct becomes the oviduct (Fig. 350).

The Wolffian duct functions as the ureter in both sexes, but in the

male, the posterior end of it becomes dilated into a glandular enlarge-

ment, called the seminal vesicle.

Already at the six millimeter stage, as the mesentery is being formed
by the coming together of the somites from both sides just under the

dorsal aorta, a small group of entodermal cells is pinched off from the

yolk, which, after completely separating from the yolk, divide longi-

tudinally, each half moving laterally. These longitudinal halves are the

genital ridges (Fig. 349, B). They lie close to the mesenteric attach-

ment, and just beneath the cardinal veins.

The genital ridges become quite conspicuous in a short time by
germ-cell proliferations as well as by the peritoneal cells which cover
them and the mesenchymal cells from the body wall which migrate to

this region.

The mesenchymal cells form the stroma of the ridge; the peritoneal
cells form a thin superficial covering at first, while later they also form
the suspending folds (mesorchia of the testes, and mesovaria of the
ovaries) of the gonads. The germ-cells now begin to proliferate and
form the nests of cells (Fig. 254) which are to develop into gonads and
gametes as already described early in the embryology of the chick.

The anterior portion of the genital ridge becomes the fat body
shortly before metamorphosis, while the posterior portion connects with
the mesonephric duct.

In this posterior region several outgrowths from the Malpighian
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bodies, known as sexual cords, can be seen. These become tubular, and

extend into the substance of the gonad. In the male, these sexual cords,

after metamorphosis, form the vasa efferentia, or efferent ducts, by which
spermatozoa are carried from the gonad proper to the real sperm duct,

the vas deferens. In the female, the portions between ovary and meso-

nephros degenerate, remaining only as a vestige, called Bidder's organ

(Fig. 457).

The tadpole must be of considerable size before the sexes can be

distinguished. Bouin gives the length as thirty millimeters in Rana
temporaria. In the male gonad, the cells all look alike, while in the

female gonad, the follicle arrangement can be made out, and the ovary

acquires a central lumen.

THE ADRENAL BODIES OR EPINEPHROI

Figure 351 will show how the adrenal bodies grow on the meso-
nephros of the frog. The important point to remember is that there are

Fig. 351.

Parts of sections through young R. temporaria, show-
ing the origin of the adrenal bodies. A. Through 30 mm.
tadpole. B. Through 11 mm. frog after metamorphosis.
a. Dorsal aorta; ac, cortical cells of adrenal body; antj
medullary cells of adrenal body; ct, connective tissue; g,
gonad; gs, sympathetic ganglion; m, mesentery; n, mesoneph-
phros; rv, revehent renal vein; v, vena cava; x, point where
ganglion cells enter mesonephros and adrenal body. (After
Srdinko.)

two kinds of cellular substances in these organs. The adrenal bodies lie

on the ventral surface of the mesonephros in the frog.

Histologically, one may see a coarse network of cell strands with

occasional groups of darkly staining tissue, called phaeochrome tissue.

Blood from the median posterior cardinal vein occupies the spaces in

the adrenal body. The coarse network forms what is called the cortical

tissue, while the more darkly staining portions are known as medullary

tissue, because in the higher forms of animal life, the darkly staining

portion lies toward the inner region of the organ, and the coarse network

lies toward the outer or cortical region.

When the tadpole is about twelve millimeters in length, the cortical
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region appears as small groups of cells lying along both sides of the

wall of the median posterior vein, below the level of the mesonephros,

as well as beneath the peritoneal epithelium from which they seem to

arise.

Just after metamorphosis, these cell-groups separate from the

peritoneum to form the network mentioned.

The medullary portion, however, has a totally different origin, and
one which may throw light on further work in the study of ductless

glands, whose secretions have become an important factor in modern
medicine. This portion is derived from the ganglia of the sympathetic
nervous system by groups of cells whose precise origin is not clear.

Some of these cell groups remain in the sympathetic ganglia, but others
migrate to the adrenal body and become scattered about.



CHAPTER XVII
THE SKELETAL SYSTEM

THE notochord extends from the blastopore to the pituitary body,

as a rod of vacuolated cells filled with fluid, around which three

layers or sheaths form.

The primary or elastic sheath, is an outgrowth of superficial cells

of the notochord itself and forms the superficial surface sheath of the

notochord.

The secondary or fibrous sheath is formed between the primary

sheath and the notochord also by cells from the notochord itself.

The third or skeletogenous sheath forms on the outside of the

primary layer at a later period as a thin sheath which is formed by the

sclerotomes. The sclerotomes, it will be remembered, are outgrowths

from the somites. This skeletogenous layer extends dorsally, entirely

around the neural tube, and laterally, from the notochord, in between

the successive myotomes. It is in this skeletogenous layer that the

vertebrae are to be formed.

When the tadpole is about fifteen millimeters long, a series of

metameric cartilages can be observed along the medio-ventral surface of

the notochord. They lie in the skeletogenous sheath (Fig. 352, cs).

These segments fuse longitudinally to form a pair of dorsal and ventral

strips which extend along the entire notochord.

These strips now become metameric by constrictions of fibrous tissue

which form rings. The rings are the beginnings of the inter-vertebral

ligaments, which, just as in the chick, appear opposite the middle of each

mesodermal segment.

The mesodermal segments become the vertebrae, so that the liga-

ments which form as separate segments between the vertebrae, are able

to act on both the vertebrae lying immediately anterior and immediately

posterior to each mesodermal segment, after the muscle has developed

in connection with these ligaments (Figs. 305, 352).

The notochord becomes segmented and surrounded by cartilage, the

notochordal segments form the soft centrum of the vertebrae, and
probably also portions of the intervertebral discs.

The ventral cartilages now grow around the sides of the notochord

and meet to fuse with the dorsal series.

The transverse processes of the vertebrae grow out from the ventral

cartilages. It is toward the lateral ends of these that the transverse

processes of the ribs later develop.

The neural arch is formed from outgrowths of the dorsal series

which grow inward beneath the neural cord and also dorsally and ven-
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trally. Later, when ossification begins, short processes called inter-

vertebral articulatory processes develop from the neural arches, by

which each vertebra joins with the next succeeding vertebra.

Ossification begins in the tadpole between the dorsal and ventral

series of cartilages, just described. There are nine vertebrae formed in

the frog, plus the urostyle, the latter being unsegmented.

Cross section through a developing vertebra, rib and
exoskeleton of a Turtle, c, corium in which the dermal plates

are developed; cs, primitive vertebral body; ep, epidermis;
m, external oblique muscle; p, perichondrium; r, rib; sp,

spinous process. (From Kingsley after Gotte.)

THE SKULL
The skull is commonly formed from various embryological elements,

which may be listed as follows

:

(1) Cranium.

(2) Sense Capsules.

(3) Visceral Arches.

(4) Notochord.

(5) Vertebrae.

(6) Membrane or Derm Bones.

It will be remembered that there are no true segments in the head
region of the frog. Consequently, the list just given is only assumed
from a comparison of other forms.

When the cranial region begins its cartilage formation, the tadpole

is about seven millimeters in length. A pair of dense strands of tissue

form along the ventro-lateral surfaces of the fore-brain. These then
become cartilaginous and form the beginnings of the trabeculae or

trabecular cartilages (Fig. 310). These trabeculae extend forward and
fuse across the midline between the olfactory organs. The fusion forms
the internasal plate. The trabeculae continue extending forward, and
these extensions are known as the trabecular cornua, at the ends of

which the olfactory capsules form.

A pair of labial or supraostral cartilages, which have formed in the

upper lip, meet with the olfactory capsules.

The notochord, which extends into the brain up to the pituitary

body, has a pair of tissue thickenings beginning in the region of the
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hind-brain and extending anteriorly as parachordae, or parachordal

cartilages. These parachordal cartilages now fuse with the posterior

ends of the trabeculae to enclose the tip of the notochord, and the entire

continuous plate beneath the fore-brain is then called the parachordal
plate.

These parts can be made understandable only by a careful examina-
tion of Figures 310 and 353, which must be studied with great thorough-
ness or much of the later work in comparative anatomy will be valueless.

From the visceral arches, the palato-quadrates are formed as a pair

of flattened rods, lateral to the trabeculae. These are in intimate rela-

Fig. 353.

A, Chondrocranium of 29 mm. larva of R. fusca. To the left, the ventral
surface; to the right, the dorsal surface, a, Auditorj' capsule; bp, basal plate; c,

notochord; ct, trabecular cornu; /, basicranial fontanelle; fa, foramen for carotid
artery; fm, foramen magnum; fo, foramen for olfactory nerve; ir, infrarostral
cartilage; /, jugular foramen for IX and X cranial nerves; /, perilymphatic
foramina; m, muscular process; M, Meckel's cartilage; o, otic process of palato-
quadrate; pf, palatine foramen; pg, palato-quadrate cartilage; sr, suprarostral
cartilage; t, trabecular cartilage; v, secondary fenestra vestibuli. B, Anterior portion
of chondrocranium of R. fusca during metamorphosis. Lateral view. C. Skull
of 2 cm. R. fusca, after metamorphosis. Dorsal view. Membrane bones removed
from left side, a. Auditory capsule; am, anterior maxillary process; an, annulus
tympanicus; art, articular process of palato-quadrate cartilage; eo., exoccipital bone;
/, fronto-parietal bone; fpo, prootic foramen; mx, maxillary bone; n, nasal bone;
o, olfactory cartilages; on, orbito-nasal foramen; pa, anterior ascending process of
palato-quadrate; pg, pterygoid bone; pi, plectrum; pm, posterior maxillary process;

pp, posterior ascending process of palato-quadrate; pq., palato-quadrate cartilage;
pt, pterygoid process of palato-quadrate; px, premaxillary bone; qj, quadrato-jugal
bone; //, foramen for optic nerve; ///, foramen for /// cranial nerve; IV, foramen
for IV cranial nerve. (From Ziegler.)

tion to the cranium proper. They connect with the trabeculae by
anterior ascending processes back of the olfactory region, and by pos-

terior ascending processes opposite the end of the notochord.

The remaining portion of the skull, which develops from the visceral

arches, is connected with the jaw, and will be described shortly.

The infundibulum and pituitary body lies within the basi-cranial

fontanelle, which is the open space just anterior to the tip of the noto-

chord. From now on, development continues mostly in the posterior

portion of the cranium.

Figures 310 and 353 show how the auditory organ is formed by a

connective tissue capsule which soon becomes cartilage, while the

mesotic cartilage grows out posteriorly and laterally from the para-
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chordal plate to unite with the auditory capsule ventrally, both anteriorly

and posteriorly.

The occipital cartilage is a continuation of the mesotic cartilage

which fuses with the auditory capsule, and leaves a small opening

through which the IX and X cranial nerve pass. This opening is called

the jugular foramen.

The basal plate is the name given to the floor of the posterior

portion of the cranium, which consists of occipital and mesotic cartilages

together with the parachordal plate.

The occipital cartilage extends dorsally around the neural cord to

form the foramen magnum.
The auditory capsule remains open into the cranial cavity internally

by a large foramen, but closes externally.

The trabeculae now grow across the basicranial fontanelle so that

it becomes entirely closed. This closed portion is the floor of the cranial

cavity. The trabeculae then extend laterally and form the lateral walls

of the cranial cavity, thus separating the cavity from the orbits.

Cartilages from the trabeculae also extend dorsally across the mid-

line in the anterior region, to form a narrow dorsal bridge, leaving a

large supracranial fontanelle between this bridge and the supraoccipital

region.

The internasal septum extends dorsally and becomes the anterior

wall of the cranial cavity, while the trabecular cornua remain separate

from the olfactory capsules, but connect anteriorly with the supraostral

or labial cartilages. During metamorphosis, however, both labial

cartilages and anterior ends of the cornua disappear in front of the

olfactory capsules.

True bones form late in the frog. The following bones are the more
important which have developed from cartilage:

Exoccipitals, or Lateral Occipitals. These form from the posterior

portions of the occipital cartilage and auditory capsule. The occipital

condyles themselves as well as the median dorsal and ventral portions

of the occipital region remain as cartilage.

Pro-otics. These form from the more anterior portion of the audi-

tory capsules as well as from the basal plate and orbital region.

Ethmoids. These form in the anterior portion of the wall of the

orbit. They then unite both above and below so as to from a band
around the cranium, often also called the sphenethmoid or orbito-

sphenoid.

Quadrato-jugal. The palato-quadrate cartilage forms bone only in

the region of the lower jaw. Then a connection is formed with a mem-
brane bone and these two together form the quadrato-jugal. All these
bones form before metamorphosis, the ethmoids alone developing some
weeks after metamorphosis has taken place.

The Visceral Skeleton. In the mandibular and hyoid arches, as well
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as the three branchial arches, the various skeletal elements appear as

condensations in the mesenchyme, which soon become cartilaginous.

First, a short rod appears in the mandibular arch, transverse to the

axis of the embryo.

This divides the dorsal portion into the beginnings of the upper jaw
or palato-quadrate, and the ventral portion which is the beginning of

the lower jaw. The lower jaw elements become subdivided into

Meckel's cartilage, which comes to form the true jaw, and the infra-

rostral cartilage.

The palato-quadrate has grown rapidly, as already described, and
then fused with the trabeculae.

When the tadpole is about twenty-one millimeters long, the pos-

terior or quadrate portion of this same cartilage connects with the

auditory capsule.

With metamorphosis, the mouth enlarges, and this pushes back

many of these structures, while the part of the palato-quadrate which
lies in the orbital region, softens and disappears to a considerable extent.

The anterior connection of palato-quadrate and trabeculae becomes the

future pterygoid and palatine regions. All these changes draw the jaw
to the posterior portion of the cranium from its original anterior position.

The infra-rostral cartilages, which have fused together across the

midline, now fuse with the Meckelian cartilages to form the apex or

mental portion of the chin. The fused cartilages are now known as

mento-Meckelian cartilages. As these ossify, they fuse with the dentary,

which is really the chief membrane bone of the lower jaw. There is a

small median element between the infra-rostrals which also fuses with

them.

The annulus tympanicus is the outgrowth from the quadrate car-

tilage which surrounds the tympanic membrane of the frog. It does not

complete its growth until long after metamorphosis.

The hyoid arch, like the three branchial arches lying posterior to it,

makes its appearance as a pair of rods of dense tissue in the correspond-

ing visceral arches, though not at the same time as the others.

The hyoid cartilage, also called the ceratohyal cartilage, extends

dorsad and connects with the palato-quadrate immediately behind where
the jaw articulates. Ventrally, it unites with the hyoid cartilage of the

opposite side. (Fig. 354.)

The first branchial cartilage also unites in the ventral midline, while

the remaining branchial arches do not unite in the midline ventrally,

but have their lower anterior ends unite with the one lying immediately

anterior to it, and, finally, they connect dorsally in a similar manner.

The copula, which is a medial element, then appears in the ventral
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region of the pharynx between the hyoid and the first branchial, and

connects the ventral ends of both these arches.

The hypo-branchial plate consists of the lower ends of the first

branchials which have become flattened and expanded. The ventral

ends of the other three branchials fuse with the hypo-branchial plate.

6A The cerato-branchials are the lateral and mid-

dle sections of the branchial cartilages between the

visceral pouches which remain separate from one

another.

At metamorphosis, when the gill slits close,

many changes naturally must take place in the

Fig. 354.
_ structures just described. For example, the hyoid

archer of a^29 mm^ larva bar loscs its conucction with the palato-quadratc,

vLw.^' bb!*"^^BasibranchSi and bccomcs Smaller in diameter, while the copula

Ss7h%;°'c/i/°S'ra^tohyat; Hkcwise bccomcs Smaller and a pair of new car-

1% ^ivlt'^to'^iour cSaS tilagcs dcvclop on each side of it, which then con-
branchiais. (From zieg- ncct the hypo-brauchial plate with the hyoid por-

tions. These are the manubrial cartilages.

The hyo-branchial apparatus of an adult frog is made up of a broad
median plate of cartilage which has been formed by the fusion of

manubrium, copula, and hypo-branchial plate. The hyoid cartilages

remain as slender processes called the hyoid Gornua. The remaining
portions practically disappear.

The membrane bones. In those portions of the cranium where con-

siderable stretching has taken place, such as in the roof of the skull and
the lining of the mouth, the substance is thinner than in the cartilaginous

portions, and is then called membrane.
Membrane is nothing more than stretched-out-cartilage.

The Parasphenoid. This is a single median bone, and the first of

all bones of the skull to appear, whether cartilaginous or membranous.
It forms in the roof of the mouth when the tadpole is about twenty
millimeters long. The parasphenoid becomes dagger-shaped and covers
the entire basicranial fontanelle.

The frontals and parietals, which are paired, appear later and cover
the supracranial fontanelle. They later fuse to form the fronto-parietals.

The nasals form the roof of the olfactory capsules and the septo-
nasals or intra-nasals appear within the capsules.

The premaxillae and maxillae are the membranous parts which be-
come the margins of the upper jaw.

The dentary and angular cartilages surround Meckel's cartilage ; the
dentary connects with the infra-rostrals of Meckel's cartilage.

The vomers are paired, and appear beneath the olfactory capsules.

The palatines form across the anterior margins of the orbits.

The pterygoids form along the inner faces of the palato-quadrate
cartilages.
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The squamosals form along the outer face of the palato-quadrate

guished from the cartilaginous bones of the skull.



CHAPTER XVIII

MAMMALIAN EMBRYOLOGY

IN
both the chick and the frog—the two forms we have thus far dis-

cussed—the eggs have passed out of the body of the mother. In the

frog, the entire embryo developed after the egg left the mother. In

the chick where fertilization is internal, development began before the

shell was formed, so that an embryo, approximately twenty-four hours

old, was already present when the tgg was laid.

Now we shall deal with viviparous animals, that is, with those which

give birth to living young.

It will be understood quite readily that in those cases where living

young are brought forth, the development must take place within the

body of the mother, but, even in viviparous animals there are sub-

divisions. One subdivision is made up of such animals as the duckbill,

the Australian ant-eater, the Australian kangaroo, and the American
opossum. In these animals, known as Marsupials, the female bears a

pouch in the abdominal region in which the young are placed at a very
premature age. In fact, in the opossum, the embryo may be only about
eight days of age when it is born for the first time, so to speak. The
mother then places it within the pouch or marsupium, and here the

young continue their development until able to lead an independent
existence.

In all the higher forms of mammals with which the student is

familiar, fertilization is internal, as in the chick, and the embryo passes
through a process similar to that of the chick, except that this embryonic
process takes place within the mother's body.

There is, however, in viviparous animals no real yolk-supply as in

both the chick and the frog egg. Consequently, there must be some
kind of an arrangement by which the young not only become attached
to the uterus of the mother, but there must also be an arrangement by
which a blood-supply can pass from mother to offspring, thus taking
the place of the nourishment which the yolk furnishes in egg-laying
animals.

The mammalian egg, not possessing a yolk, is very small.

The original development of egg and sperm, however, is not very
dissimilar to that already described for the chick.

Before entering into the study of mammalian embryology proper,
it is well, at this point, to understand the terminology usually applied to
the life-history of a mammal.

First, the period of gestation or true embryonic period. It is durino-
this time that the embryo depends upon its connection with the mother's
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uterus for nourishment. Gestation extends from the time of the fertili-

zation of the tgg to the time of birth.

Second, parturition, or the actual time of birth. The condition of

the offspring at the time of parturition varies to a considerable extent.

Some animals are born with the ability to walk and take reasonable

care of themselves within a very short time after birth, while some are

quite dependent upon their mother for a long time.

Third, the period of adolescence, which is that period of life in the

young devoted entirely to growth and development. It extends from

birth to sexual maturity.

Fourth, adult life, or the period of sexual maturity. During this

period many physiological changes often take place in the individual,

entirely aside from those of the reproductive system.

FERTILIZATION

As the egg is thrown out of the Graafian follicle (Fig. 355), it passes

into the oviduct (Fallopian tube) and is carried by the cilia in the oviduct

to the uterus. If fertilization takes place, the sperm, which finds its way

Fig. 355.

A Section of well-developed Graafian follicle from human embryo (von Herff)

;

the enclosed ovum contains two nuclei. B. Ovary with mature Graafian follicle about

ready to burst (Ribemont-Dessaignes). C- Section of human ovary, showing mature

Graafian follicle ready to rupture. K̂ollmann's Atlas.
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into the uterus, passes into the oviduct in an opposite direction from

that which the egg takes. This causes a meeting of egg and sperm. The

length of time it takes the egg to reach the uterus, after ovulation, varies

in different species of animals. It may vary from a few hours to several

weeks. It is, therefore, practically impossible to state the exact time

when fertilization actually takes place. This is especially true in the

human being; but, as soon as the sperm does meet the egg, and fertiliza-

tion does take place, the embryo begins developing. Consequently, by

the time the fertilized egg reaches the uterus, it has already passed

through, or is just passing through, a stage that is even a little advanced

beyond the gastrula stage. There are, in fact, several germ-layers

already present at this time.

THE BLASTODERM

As soon as fertilization takes place, the egg divides equally into

two cells, these two into four, and so on in the usual way. However,

very early, some of the cells divide more rapidly than others, so that

there is an overgrowth of those which grow most rapidly. This gives

rise to several terms. The more rapidly growing, or outer layer, is

called the sub-zonal layer, while the central mass is called the inner cell

mass.

The sub-zonal layer is only one cell in thickness, so that it is easily

distinguished from the inner cell mass. Then, too, a cavity forms

between the two layers.

The entire structure is now called a morula (Fig. 356). As soon

Fig. 356.

Morula and early blastodermic vesicles of the rabbit. The zona radiata and
albuminous layer are not shown. A. Section through morula stage, forty-seven hours
after coitus. B. Section through very young vesicle, eighty hours after coitus.

Taken from uterus; ordinarily the ova have not reached the uterus at this age.

C. Section through more advanced vesicle, eighty-three hours after coitus. Taken
from uterus, c, Cavity of blastodermic vesicle; i, inner cell mass; w, wall of blasto-

dermic vesicle (subzonal layer, trophoblast). (From Assheton.)
D. Section through the fully formed blastodermic vesicle of the rabbit, fcm,

Granular cells of the inner cell mass; troph, trophoblast cells; zp, zona pellucida.

(From Quain's Anatomy, after Van Beneden.)

as the cavity has definitely formed between the inner cell mass and the

sub-zonal layer, the morula is known as a blastodermic vesicle. This

cavity contains a fluid which is supposed to represent the yolk-mass of

the blastula and gastrula in the lower forms.
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It will be noted from what has just been said that considerable
development has already taken place by the time the fertilized egg
reaches the uterus. Or, to repeat what was said above, it is as a blasto-

dermic vesicle that the mammalian egg reaches the uterus after

fertilization.

At this stage, two important points must be considered:
First, the method of the formation of germ-layers, and
Second, the method by which the blastodermic vesicle attaches itself

to the uterus of the mother.

Formation of the Germ-layers.

The inner cell mass spreads out rapidly so as to form an inner lining

to the sub-zonal layer. It is this inner lining which is the entoderm.

The sub-zonal layer becomes the ectoderm.
As there is a tremendous variation in the way germ-layers are

formed in mammals, it may be well to think of the following example
as a help in understanding some of these variations.

Suppose a group of football players who had already played together

in previous years were to come together again. Each would immedi-
ately take his place without any preliminary instruction. So, we may
think of the embryonic cells in the higher mammals taking a definite

place and then developing from there on, rather than passing through
all the stages of gastrula formation. This gastrula then actually indents

to form two layers. That is, we may think of those embryonic cells

which are to develop into ectoderm and mesoderm actually taking the

proper position to develop into these structures without first becoming
a single sheet and then indenting.

This would mean that the undifferentiated cells, which are to become
ectoderm, would arrange themselves on the outer portion, those which
are to become entoderm would arrange themselves more inwardly, and
those which are to become mesoderm would take their place between
these two layers, and then all three could begin developing at about the

same time and grow simultaneously.

In the lower mammals, such as the cat, dog, rabbit, etc., this inner

cell mass (entoderm) keeps pace with the sub-zonal layer, so that the

original cavity, which has formed between the inner cell mass and the

sub-zonal layer, is now surrounded by an inner layer of entoderm, while

the outer layer still remains sub-zonal. In the higher forms, such as the

primates, that is, in man and the higher apes, the inner cell mass does

not grow as rapidly as the sub-zonal layer. There is, therefore, a second

cavity formed within the inner cell mass of entodermal cells.

It is the remaining- portion of the inner cell mass, after the entoderm
has thus separated from it, which is the ectoderm. The sub-zonal layer

is then called the trophoblast (Fig. 356, D). This trophoblast serves

as the attachment of the blastodermic vesicle to the walls of the uterus.

We see from what has been said that a true mammalian gastrula
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(although formed in a different manner from either that of the chick or

the frog) has been established with two definite cell or germ-layers.

ATTACHMENT OF THE BLASTODERMIC VESICLE TO THE
UTERINE WALL

There are two general ways in which the blastoderm may become

attached to the uterus.

The trophoblast or sub-zonal layer may remain as an outer layer

around the entire blastoderm, or the developing embryo within the inner

cell mass may push through this outer layer and come to lie in close

relationship to the uterine wall.

At about the same time that attachment of blastoderm and uterine

wall takes place, the amniotic cavity is formed (Fig. 357). The

Diagrams of the relations of the cavities and layers in the rat, showing
the "inversion" of the germ layers. Median sagittal sections. Embryo and
amnion, black; ectodermal knob or "trager" in light tone; endoderm and
mesoderm in darker tone. A. Early stage before the formation of the false

amnionic cavity. B. Late stage showing false and true amnionic cavities

and the interamnionic cavity, a, Amnion; ac, true amnionic cavity; c, chorion;

E, embryo (anterior end; ea, endodermal rudiment of allantois) ; /, false

amnionic cavity; i, interamnionic cavity; m, mesoderm; ma, mesoderm of allantois;

n, endoderm; o, trophoblast (ectoderm); p, anterior intestinal portal; ra, rudiment
of true amnionic cavity; rf, rudiment of false amnionic cavity; s, marginal
sinus; t, "trager" (ectoderm); y, yolk-sac; ye, yolk-sac endoderm; x, amnionic
folds. (After Salenka.)

trophoblast remains as an outer covering in man, in many primates, and

in such animals as the mouse, rat and guinea pig. When the trophoblast

remains as the complete outer covering such a condition is known as

entypy, and it is in animals in which this condition occurs, that a definite

space is formed between the germ layers and the trophoblast. This

cavity is known as the amniotic cavity.

Sometimes the trophoblast thickens in this particular region and
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a second or false amniotic cavity may develop. Figure 357 will make
this clear.

In those cases, however, where the embryo pushes through the

trophoblast and comes to lie as a disc upon its surface, the amnion is

formed quite as it is in the chick.

The region in which the embryo develops is known as the embryonic

shield. The primitive head-node lies practically in the middle of the

embryonic shield. The primitive streak and the primitive grooves form

quite as in the chick, and all structures lying anterior to the head-node

lie in the head proper.

A definite notochord also forms, and the neurenteric canal can be

seen quite plainly at the posterior limits of the embryonic rudiment.

Scarcely more than half a dozen human embryos have been seen

prior to the time of the formation of the medullary plate. Then, too,

none of these were of the same size, so we do not even have a basis for

valid comparison, and consequently, we are unable to judge whether

any of these were normal in size and form.

Mesoderm is formed in the mammal as it is in the chick, each

mesodermal somite dividing into a somatic and a splanchnic layer. A
layer of entoderm joins with the splanchnic mesoderm to form the

yolk-sac, although no yolk is present. The trophoblast joins with the

somatic mesoderm to form the chorion.

Here we may note that the term *'ovum" is used in mammalian
development to designate any early stage in the embryo, even to the

inclusion of the entire blastodermic vesicle. The term "embryo" in man
is given the embryo only during the first two months of its existence;

thereafter (that is, when the face and body are quite well formed) it is

known as a ''foetus."

The smallest human embryo yet seen was 1.54 mm. in length, while

the entire blastoderm was about 1 cm. in diameter.

IMPLANTATION
There are three methods by which the blastoderm attaches itself to

the walls of the uterus:

First, by what is called central implantation. This occurs in the

ungulates and carnivores as well as in the lower primates and in some
rodents, such as the rabbit. In these the blastoderm becomes super-

ficially attached to the uterine wall, and, consequently, projects freely

into the lumen of the uterus.

Second, eccentric implantation. This type is found in the mouse
and in some insectivora. In these forms the blastodermic vesicle lies

in a furrow or groove in the uterine wall. This groove is then closed up

so that the vesicle comes to lie in the walls of the uterus.

Third, interstitial implantation. In this type the blastodermic vesicle

actually burrows its way into the mucous membrane lining of the uterus.
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It is this third type which occurs in man and in some of the rodents,

such as the guinea pig and the gopher.

The trophoblast, in the region where it is to meet with the uterine

wall, has become highly specialized physiologically in the eccentric and

interstitial types of implantation. Its cells form a layer of considerable

thickness, and it is then called a trophoderm (Fig. 358). These cells are

supposed to dissolve, or digest, the uterine mucosa so as to permit a

definite implantation and also, probably, to digest some of the mucosa

as food for the growing embryo.

The blastoderm attaches itself to the uterine wall between the two

oviducts, and it is in the region of implantation that the maternal tissues

come into contact with the embryo. We must, therefore, look for the

beginnings of the placenta in this region.

Fig. 358.

A. Diagrammatic section of placenta. (After Strahl, Bonnet.)

B. Section through an embryo of 1 mm. embedded in the uterine mucosa
(semidiagrammatic after Peters). Am., amniotic cavity; h.c, blood-clot; b.s., body-

stalk; ect., embryonic ectoderm; ent., entoderm; mes., mesoderm; m.v., maternal
vessels; tr., trophoderm; u.e., uterine epithelium; u.g., uterine glands; y.s., yolk-sac.

In fact, it is the trophoderm which later becomes vascularized from

the mesoderm of the chorion or allantois, to act as the chief absorptive

surface through which, and by which, material from the maternal tissues

and blood is taken to the embryo.

THE EMBRYONIC MEMBRANES

It will be remembered that in the chick embryo, the amnion has as

one of its functions the protection of the embryo from drying and from

becoming deformed by the outer shell pressing against it. The chick's

yolk-sac contains a large quantity of food-substance which the develop-

ing embryo uses, and the allantois serves as a respiratory and (partially)

as an excretory organ. In the chick the serosa or chorion was of little

importance.

In the mammal it is the amnion which is of secondary importance.
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The yolk-sac has no yolk in it and in so far as we know has little func-

tional value. The allantois has but little respiratory and excretory sig-

nificance. Its work is practically to bring the embryo in relation to its

food supply. It is the chorion which becomes the principal organ by
which nutritive material and excreted substances between maternal and
embryonic circulations take place.

It is this connection between mother and embryo which brings about
the formation of what is called the placenta. All mammals which
develop a placenta—that is, all mammals except those which lay eggs

—

are known as placentals.

THE PLACENTA

The detailed development of mammals must be left to much larger

volumes than this one, especially as so many variations occur even in

quite similar groups of animals.

Fig. 359.

Diagrams illustrating the development of the blastocyst and formation of the
placenta in^ Mammalia. A, a blastocyst at the end of segmentation; B, an older
blastocyst, in which a cavity has appeared to one side of the inner mass of cells;

C, a later stage, showing the formation of the trager and growth of the yolk
epithelium around the yolk cavity; D, formation of lacunae in the trager and
commencement of the embryo; E, further development of the trager, the mesoblast
has split and the amnion and extra-embryonic ccelom are formed; F, longitudinal
section of uterus, showing the position of the embryo in a pit in the uterine wall.

G, longitudinal section of a later stage, showing the obliteration of the
_
old

lumen and formation of a new lumen in the uterus, all, allantois; am, amniotic
cavity; cce, embryonic coelom; ec, epiblast; eec, extra embrj'onic coelom; ek,
embryonic knob; em, embryo; gl, uterine glands; hy, hypoblast; im, inner mass of
cells; lac, lacunae in Trager; lu}, original lumen of uterus; lu^, secondary lumen
of uterus; nch, notochord; ng, neural groove; sbm, thickened sub-mucous layer of
uterus; tr, trager; tro, trophoblast; yk, yolk-sac; yk.e, yolk epithelium. In all the
figures the trophoblast is shaded with dots, and the embryonic mesoblast is represented
in black. (After Bourne.)
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But as the student must know the placental animals in order to

make the most of his study in Comparative Anatomy, it is essential that

he at least obtain a clear and accurate understanding of the two principal

types of placental formation.

In the first place, the placenta may be defined as consisting of all

structures affecting nutritive, respiratory, and excretory interchanges

between the embryo and its mother in viviparous animals. It is evident,

then, that the placenta must form in the region where the trophoblast

comes in contact with the uterine mucosa, and that the trophoderm

itself, plus the vascularization in the yolk-sac, allantois, or chorion, will

be the elements from which the placenta is developed. (Figs. 358, 359.)

At this stage the student must review the chapter on the develop-

ment of the extra-embryonic membranes in the chick.

The rabbit is often used as an example of a form of mammalian
embryology which can be contrasted with the embryological develop-

ment of the chick. In the rabbit the extra-embryonic membranes develop

quite like those in the chick, except that the point of fusion of these

membranes consists of only a small knot, whereas in the chick this

fusion takes the form of an elongated seam. In both rabbit and chick

the tail-fold grows more rapidly than the head-fold.

In man, where entypy takes place (that is, where the trophoblast

remains continuous about the entire blastoderm), the extra-embryonic

membranes do not grow as in the rabbit and chick, but by a splitting of

the ectoderm to form the beginning of the amniotic cavity.

The forming of the extra-embryonic membranes in man quite nat-

urally causes the embryo to remain connected with the blastodermic

wall by a body-stalk (Fig. 358, B). The separating of the ectoderm
immediately above the embryo to form the amniotic cavity causes the

embryo to form the floor of this cavity, while the trophoblast forms the

roof. The sides, or walls, of the cavity meet the embryo at the edges of

the embryonic shield.

But, whether the amniotic cavity is formed as in the rabbit or as in

man, the walls of the cavity extend ventrally until they surround the

umbilicus.

The yolk-sac and the yolk-stalk, as well as the allantois, although
quite small in man, are pushed into this body-stalk or umbilical-stalk.

The amniotic cavity grows large in man and contains from one-half to

one liter of liquor amnii.

THE YOLK-SAC

The open space on the interior of the mammalian blastodermic vesi-

cle is supposed to represent the yolk-sac (Fig. 359, G) of such animals

as the chick and the frog; and, as this open space is relatively very large,

the yolk-sac occupies the main portion of the early mammalian blasto-

dermic vesicle. The cavity of the vesicle opens into the mid-gut region
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by the broad yolk-stalk just as with the chick. Its wall is separated from
the chorion by the extra-embryonic coelom—also called the exocoelom.

(Fig. 359, E.)

The amnion and chorion are formed from somatopleure, while the

yolk-sac is formed from splanchnopleure.

The blood vessels and the sinus terminalis arise in the yolk-sac of

the rabbit just as they did in the chick.

In the higher primates, including man, the yolk-sac never fills the

entire blastodermic vesicle and is very slow to grow. In fact, during

the first month it has a diameter about the length of the embryo, and
after increasing this diameter to a little over a centimeter, it decreases in

size. The yolk-stalk is formed, however, and elongates considerably to

enter the proximal end of the umbilical cord.

The amniotic membrane now expands and pushes against the exo-

coelom until that is eliminated and the yolk-sac disappears in the pla-

cental region. The yolk-stalk itself becomes a solid cord during the

second month. However, the proximal end sometimes remains open.

In such a case it appears as a diverticulum from the intestine and is

called Meckel's diverticulum.

THE ALLANTOIS
This structure also varies in size to a considerable extent, from

filling the entire exocoelom as in the lower primates such as the Lemurs,

to occupying but a small portion of the umbilical cord as in man and the

higher primates (Fig. 359, G).

The early development of the allantois in the mammals is quite

similar to that in the chick, but its later development is varied, the

variation being ascribed to the changed conditions brought about by the

formation of placental structures.

The later history of the allantois is limited to the placental struc-

tures only. In the rabbit the allantois extends into the exocoelom and

comes in direct contact with the chorion in the region where chorion

and uterus unite. It thus lies in the direct pathway of connection be-

tween mother and offspring. Blood vessels now develop in the allantoic

mesoderm to form the umbilical arteries and the umbilical veins, and it

is through these allantoic blood vessels that the embryonic circulation

is related to the placental circulation.

In man the development is quite different ; for, here there is nothing

which interrupts the connection of chorion with the maternal tissues.

The way in which the body-stalk develops in man has been described

already. This is often said to be equivalent to a modified allantoic stalk.

There is, therefore, in man, no true allantois as a free vesicle. Only a

small tubular outgrowth from the entodermal lining of the yolk-sac can

be seen, and this outgrowth, in turn, is not distinguishable from the

hind-gut. It extends into the body-stalk. As the embryo grows, and the
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body-stalk extends, the allantoic stalk extends further along in the body-

stalk as well, and so remains during foetal life (Fig. 360).

As the ventral body-walls of the embryo are formed and approach

each other, the proximal end of the allantoic stalk becomes the urinary

bladder and the beginning of the urogenital sinus. From the bladder

region to the body-wall it is reduced as a mere solid strand of connective

tissue known as the urachus.

Vascularization is quite alike in the various mammalian forms.

The development of the placenta depends upon the manner and
type of implantation, which in turn causes different relationships between

the growing embryo and the maternal tissues.

THE DECIDUAL MEMBRANES
We have been describing the embryonic placenta. Now we shall

describe the maternal placenta. There is a change which takes place in

the lining of the uterine walls when the trophoderm unites with the

uterus. The uterine lining which bulges out into the uterine cavity to

cover the blastoderm, is called the decidua capsularis (formerly decidua

reflexa), while the uterine lining at

the point where blastoderm and
uterus unite is called the decidua

basalis or decidua serotina, the re-

maining portion of the lining being
known as the decidua vera (Fig.

361).

The chorion is at first composed
of an inner mesodermal layer and
an outer epithelial layer (this latter

being called the trophectoderm).
From the trophectoderm there de-

velops an outer syncytial layer

AT ^-
t .•

^'/- ^f^-u u ^
which is called the trophoderm. ItMedial section of early human embryo, . . .

^
(After von Spee, Kollmann.) IS thlS trOphodcrm which lUVadcS

the maternal tissues. Large lacunae of blood are formed in the maternal
tissues by the syncytial tissue directly, or by the rupture of the blood
vessels which are under great pressure in this region.

The trophoderm then thickens at intervals and forms little villi or
finger-like projections, and the chorionic mesoderm grows out into these
villi so that there is a branching of the primary villi into secondary villi
or true villi (Fig. 358).

In the meantime the blood lacunae run together and surround and
bathe the villi, while the trophoderm, which began as a spongy network,
is now a continuous layer covering the entire outer surfaces of the villi
and chorion.

Branches of the umbilical vessels develop in the mesoderm of the
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chorion and villi. This means that there are noAv two layers of epi-

thelium covering the mesodermal core of all the villi, and that it is in

these villi that the chorionic circulation of the embryo is established.

The blood vessels of the uterus open into the little blood-lacunae,

which is another way of saying that the syncytial trophoderm, which

covers the villi, is bathed in maternal blood. This is where the nourish-

ment of the embryo takes place. The maternal blood itself does not pass

into the developing embryo.

vcfo'iS.

C«,/ Cor<J

Fig. 36L

Diagram to show relationship o£ mammalian embryo and maternal membranes.

At first the villi cover the entire surface of the chorion, but in man,

after a few weeks, the villi located away from the point of attachment

begin to degenerate and finally leave that portion smooth. This smooth

region is called the chorion laeve, while the attached portion, which

retains the villi, is known as the chorion frondosum (Fig. 362). It is

the chorion frondosum, together with the decidua basalis, which con-

stitutes the placenta. And it is the chorion frondosum to which the

embryo is attached by the body-stalk which later comes to be called the

umbilical-stalk or umbilical cord.
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The decidua basalis forms what is called the maternal placenta, and

the chorion frondosum the foetal placenta.

The decidual membranes and

their attachments form the after-

birth. This afterbirth consists of

amnion, chorion, decidua vera,

placenta, and a part of the decidua

basalis.

THE UMBILICAL CORD

As the body-stalk becomes
longer and longer, finally reaching a

length of some fifty centimeters,

there must be some circulatory con-

nection between the embryo and the

chorion frondosum. This connec-

tion is brought about by the development of four blood vessels, two
veins and two arteries, known as the umbilical vessels or allantoic vessels

(Fig. 363). The two veins push their way into the embryo to open into

the heart. The arteries likewise grow in the same direction as do the

veins, but connect with the dorsal aorta. Their distal ends extend

Fig. 362.

Human Embryo. Age seven weeks. (From
Kollmann.) cf, chorion frondosum. cl, chorion
laeve.

Fig. 363.

1 to 6, Diagrams representing six stages in the development of the foetal
membranes in a mammal.

The ectoderm is indicated by solid black lines; the entoderm by broken lines;
the mesoderm by dotted lines and areas. (After Kolliker.)

7, Diagram of nurture of young through embryonic membranes, g, gill circula-
tion of embryo; h, heart; i, dorsal aorta; ;, postcava; k, allantoic artery;
/, allantoic vein; m, indicating the course of the blood of the mother, parallel
to n; n, that of the embryo; n, umbilical cords; w, wall of uterus. (After Needham.)
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through the body-stalk into the villi to connect with the vascularization

there established.

The two veins later fuse, so that a cross section of a mature umbilical

cord (Fig. 364), shows two arteries and a single large vein.

Aa. umbilicalGs
V. umbilicalis

V. umbilicalis

A. umbilicalis

Vhartons
Jelly

Ductus omphaloGntencus
(vitellinus)

Ductus omphalo-
eniericus (vitellinus) WTidrton's

Jelly

II

Amnion

Fig. 364.

I, Umbilical cord of human embryo at three months.
II, Same at birth. (After Corning.)

In addition to the umbilical vessels just mentioned, the yolk-stalk

(in the early stages only), and the allantoic stalk can be seen in cross

sections of the cord, while the cord itself is filled with a mesenchymal,

mucous-like substance, called Wharton's jelly.

The cord is twisted and is attached to the umbilicus or navel of the

foetus and to the placenta. The outer covering of the umbilical cord is

a layer of ectoderm which is continuous with that of the amnion of the

embryo.

The following table shows the relative increase in size and weight

of the human embryo and foetus throughout the period of gestation

:

Weight

Ovum (estimated) 0.000004 grm.

23 days 0.04

56 days 3.0

84 days 36.0

112 days 120.0

140 days 330.0

168 days 600.0

196 days 1000.0

224 days 1500.0

252 days 2200.0

270 days

280 days 3200.0

C. H.
Length*

C. R.

2.5 mm. 2.5 mm
30.0 25.0

98.0 68.0

180.0 121.0

250.0 167.0

315.0 210.0

371.0 245.0

425.0 284.0

470.0 316.0

500.0 336.0

^C. H.=Length as measured in a straight line from the crown of the head to the heel.

C. R.=Length from crown to rump or sacral flexure.
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If the student has thoroughly mastered the subject-matter of this

i^
semester's work in embryology he will not only

be able to understand how a normal embryo de-

velops, but he will also know how and why many
and varying types of abnormal development
occur by either mechanical or chemical injury of

some kind, which injury may cause any portion

of the embryo to stop growing, while other parts

continue in the usual manner. Monstrosities of

many kinds may thus be formed, and even in

apparently normal individuals it is by no means
rare for the surgeon to find individual internal

organs underdeveloped or overdeveloped. All

such deviations from the normal are of the

utmost importance to the medical man, and it is

only through a study of embryology that they are

made understandable.

Fig.
Figure to illustrate the

"vertex-breech" method of
measuring human embryos.
a-b, vertex-breech length of
the embryo.
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CHAPTER XIX
INTRODUCTION TO COMPARATIVE ANATOMY

IN
the study of Comparative Anatomy a method somewhat different

from our study up to this moment must be brought into play.

In the forepart of this book, the frog- was studied as a type-form

of vertebrates, and the earth-worm as a type-form of annelids as well as

of coelomates, and then, after each such type-form had been studied, it

was compared with other forms likewise studied in the laboratory.

Now we are to take an entire system in each of the leading groups
of vertebrates and compare system by system, always reviewing the

development of the particular system studied, and comparing such

development with the development of the respective systems in both
frog and chick', as shown in Part One (embryology) of this book.

Three distinct points of view must be kept in mind in Comparative
Anatomy, namely, those of:

Structure (both gross and microscopic).

Development (embryology).

Comparison of organ systems.

Just as in any account of man's history we attempt to study those
races which we now consider as living under primitive conditions,

believing that they will throw some light upon the problems that our
ancestors had to overcome in order to bring about our present state of

civilization, so, in Comparative Anatomy we attempt to study the

so-called lower-animal life in order that this may throw light upon the
development of our own bodies. This may be brought home the better

by remembering that all higher forms of life practically possess all

organs and system of organs which the lower forms possess plus an
additional something. This does not prove by any means that any of

the higher systems must have necessarily come from the lower. All it

does mean is that all forms of animals, which walk on the earth, must
have much that is similar. For instance, legs used for the same purpose
in all animals must have muscles that will function alike ; because,
regardless of what position we systematically assign these animals,
they, by virtue of the fact that they walk, must necessarily have leg

muscles, and having these, there must be a supporting structure for

such muscles, so that the skeletal systems of walking animals will be
closely akin.

Comparative Anatomy proper, then, will consist of a comparison of

the organ systems of four great groups of vertebrates. The classic

examples used for such comparison are

:

The dogfish, as an example of a group of living organisms whose
skeletal tissues are largely cartilaginous.
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The turtle, as an example of the reptilia.

The cat, as an example of the mammalia.
The frog, as the classic example of the amphibian. This animal has

already been studied in the early part of the course, but fnust be kept

in mind so as to be compared with the above three types.

It is usual to exclude the aves, because reptile and bird have so many
structural similarities that the study of one suffices for that of the other.

In fact the single v^ord Sauropsida has come into common biological

usage as meaning both reptiles and birds.

It is necessary, first, for us to have some conception of v^hat is

meant by the phylum Chordata and to appreciate that there are inter-

mediate types betv^een invertebrates and vertebrates. Such intermedi-

ate types are known as pro-chordata. The pro-chordata and the verte-

brata together form what zoologists call the phylum Chordata.

The vertebrates possess a spinal, or vertebral, column which con-

sists of a great number of similar portions, called vertebrae, arranged in

a longitudinal series. In the early embryo of all vertebrata there appears

a rod-like notochord. This probably serves as a sort of stiffening to the

animal, and in this respect only is it similar to the spinal column proper.

It is neither cartilage nor bone, and probably develops from the entoderm

or mesoderm. As the spinal cord develops from the ectoderm, and the

bones of the spinal column from the mesoderm, it will be seen that

neither of these three just-mentioned portions are alike in either origin,

function, or position.

In all vertebrates the main nerve cord lies on the dorsal side, while

in invertebrates it lies on the ventral side.

There are certain groups of animals which possess no spinal column,

yet, during the embryonic period have a notochord, a dorsal nerve

cord, and a gill-slit apparatus (Figs. 313, 314, 315, 316). The classic

examples of these forms are Amphioxus, Balanoglossus, and the tunicate

or sea squirt, all of which are comparatively small in size and live in

the sea. These forms are grouped together under the name of pro-

chordata. Professor Patton of Dartmouth College has described a

scorpion in which he is sure he has found a notochord. If he is correct,

it will be seen that no classification of this kind is absolute, in that

invertebrates of very early geologic times may have possessed such an

embryological structure.



CHAPTER XX
CLASSIFICATION OF FISHES, AMPHIBIANS, REPTILES,

AND MAMMALS

U NLESS this chapter is mastered, there can be no understanding

of the textual matter which follows, as the scientific terms there

used are all based on what this chapter contains.

CHORDATA
The Chordata possess a notochord at some time during their life's

history (the notochord lying between the nervous system and the

alimentary tract), a hollow central nervous system lying entirely on one

side of the digestive canal, and pharyngeal slits extending from the

pharynx to the exterior.

The Chordata are divided into four sub-phyla, all of which develop

a notochord during their embryonic period, though all do not later

develop a bony vertebral column.

The subdivisions of the Chordata (Figs. 313, 314, 315, 316) are as

follows

:

Sub-Phylum I. Cephalochordata (Adelochorda, Fig. 312).

The notochord runs only up to the head proper in most chordates,

but in the Cephalochordata, of which Amphioxus is the classic example,

the notochord extends to the very anterior end of the body. Amphioxus

is fish-like in form and is used as an example of the most primitive form

of the chordates. It will be remembered that there was reference made

to the simplicity of the embryology of Amphioxus in the early part of

this book.

Amphioxus has no skull or vertebral column. The pharyngeal slits

are quite numerous. The true scientific name of Amphioxus is Branchi-

ostoma. In popular language it is often called lancelet, on account of

its sharp, lance-like appearance.

Sub-Phylum II. Urochordata (Tunicates, Figs. 312, 313).

This group possesses a notochord only in the caudal region. The

young are tadpole-like, and there is a metamorphosis converting the

tadpole into a sac-like structure.

Order 1. Larvacea (Appendicularia), free-swimming forms with

permanent tail.

Order II. Ascidiacea (Tunicates or Sea-Squirts), fixed forms with-

out tail in the adult.

Order III. Thaliacea (Salpians), free-swimming forms without tail

in the adult.

The neurenteric canal is permanent.
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Sub-Phylum III. Hemichordata (Fig. 314).

A rather doubtful form. There is a projection from the mid-dorsal

region of the digestive canal which looks somewhat similar to a noto-

chord. These animals have a collar and a proboscis.

Order I. Enteropneusta, which include worm-like forms such as

Balanoglossus.

Order II. Pterobranchiata, sessile, tube-dwelling forms such as

Cephalodiscus, and Rhabdopleura.
Order III. Phoronida, tubed forms such as Phoronis (Fig. 199).

Sub-Phylum IV. Vertebrata (Craniata).

1. The vertebrates show their segmentation in the adult form only

on the interior of the body, as for example, the metameric arrangement
of myotomes, sclerotomes, etc.

2. A cuticular skeleton is absent, but there may be cornifications

of the epithelium, or ossifications in the dermal regions, such as the

scales of fishes, etc.

3. An axial skeleton is present, consisting of skull and vertebral

column.

4. There are two kinds of appendages supported by the axial

skeleton, namely, the unpaired fins (which occur only in fishes and
Amphibia), and the paired appendages (anterior and posterior), which
are usually present.

5. The central nervous system is dorsal in position. The brain

itself consists of five parts : the cerebrum, "twixt-brain," mid-brain,

cerebellum, and medulla oblongata.

6. Of the sensory organs, the eyes and ears are the most highly

developed.

7. The respiratory organs arise from the entoderm of the pharynx.

Pharyngeal slits are present in the embryo. In terrestrial animals these

pharyngeal slits are later functionally replaced by lungs which develop

from the hinder portion of the pharynx.

8. The heart lies ventrally in the pericardium. In gill-breathing

species it contains only venous blood, but in lung-breathing animals it

is divided into venous and arterial halves. The circulation is closed.

9. The sexes are usually separate, while in most species the excre-

tory (nephridial) system forms the ducts for the reproductive (genital)

system.

10. Reproduction is strictly sexual.

The classes of Vertebrata are as follows

:

Class I. Cyclostomata (Fig. 366).

These are the round-mouthed eels without a lower jaw. Examples
are the lampreys and hagfishes. It is in this group that we find the only

vertebrate parasites,
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There is a primitive skull, but no true vertebrae (only bony arches).

Paired fins, true scales, and teeth are lacking. The gill-pouches are

saccular and the nose is unpaired.

Sub-Class I. Myxinoidea (Fig. 366).

These are the "hag-fishes" or ''borers" which give off a slimy.

Bdellosfoma domheyi (Pacific ha^fish)

Petromyzon marinus (sea lamprey)

Fig. Z66.

Cyclostomes. The light openings along the sides are mucous canals, the dark
ones are branchial openings.

mucous jelly when captured,

name of Myxinoidea.

It is from this fact that they receive their

Sub-Class II. Petromyzontia (Fig. 366).

These are the lampreys. They live in both salt and fresh water.

The myxinoids attack principally dead and disabled fishes, but the

petromyzons attack decidedly active fish much larger than themselves,

attaching themselves to their host and making great inroads with their

rasping tongues.

Class 2. Pisces (Gnathostomata). All fish having true lower jaws.

Fishes are distinguished from the Cyclostomes not only by having

true lower jaws but also by having a vertebral column (amphicoele

vertebrae, Fig. 404), by having scales, paired pectoral and pelvic fins,

and paired nostrils. They breathe by gills and have a heart with venous

blood therein only, although the heart has auricle, ventricle, sinus

venosus, and some have a conus arteriosus.

Sub-Class I. Elasmobranchii.

These are the sharks and their near relatives. They have a car-

tilaginous skeleton, usually a heterocercal tail, placoid scales (thornlike),

but in Mustelus (the dog-shark, which is used in the laboratory), pointed,

overlapping scales. There are five to seven slit-like gill-openings on

each side. The eggs are few and hatched within a sac inside the body.

The skates belong to this group as they are merely flattened out sharks.
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There are various extinct orders and sub-orders of elasmobranchs,

but v^e shall deal only with two orders and two sub-orders.

Order Plagiostomi.

Sub-Order I. Selachii (twelve living and three extinct families of

sharks and dog-fishes, Fig. 367).

Sub-Order II. Batoidei (Saw-fishes, skates, rays and torpedoes,

seven families. Fig. 367).

Chiniaera monslrosa . . , , . >

Eaia erinacea (common skate)

Fig. 367. Elasmobranchii. (A, after Goode; C, after Glaus.)

Order Holocephali (Chimaera, Fig. 367, one living and three extinct

families).

The Holocephali are very grotesque looking animals and are of

great antiquity. There are peculiar grinding plates in the mouth instead

of teeth.

Sub-Class II. Teleostomi. (The tru^ bony fishes.)

Skeleton partly or entirely bony, a single gill-opening on each side

leading to gill-arches on which there are gill filaments. There is also

a swim-bladder which may disappear with age.

In the higher forms where the skeleton is entirely ossified, the pelvic

girdle approaches the pectoral one, so that the pelvic fins may be directly

beneath the pectoral fins. It is the approach of the girdles and fins

which is used in classifying fish, because this is supposed to show dif-

ferent degrees of specialization.

The position of the fins in the higher fishes is supposed to furnish

evidence to show that amphibians and higher fishes are not closely

related.

Order I. Crossopterygii.

Sub-Order I. Osteolepida. (Four extinct families.)

Sub-Order II. Cladista. Polypterus and Calamichthys are the

usual examples. (Fig. 368.)

Order II. Chondrostei. (Five extinct and two living families.)

These include the paddle-fishes and sturgeons (Fig. 368).
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Acipenser sturio (sturgeon) Anna calva (bow finJ

Fig. 368. Ganoids.

In B, e.g., Large external gill of the hyoid arch; Pc, pectoral fins; Pv., pelvic
fins. The larva is drawn in a very characteristic attitude.

In C note the elongated snout, the barbules bounding the ventral mouth, the
operculum covering the gills, the rows of bony scutes, the markedly heterocercal tail.

D, Ventral and side view.
F, Amia calva (Bow fin), c.f., caudal fin; d.f., dorsal fin; pct.f., pectoral fin;

pv.f; pelvic fin; v.f., ventral fin. (B, after Budgett; D, after Goode; E, after
Tenney; F, after Giinther.)

Order III/ Holostei. (Six extinct and two living- families.)

These include the bow-fins and gar-pikes. (Fig*. 368.)

Order IV. Teleostei.

Sub-Order I. Malacopterygii (21 families).

These include tarpons, herring, salmon, etc. (Fig. 369.)

Sub-Order II. Ostariophysi (six families).

These include carp, tench, cat-fishes, etc. (Fig. 369.)

Sub-Order III. Symbranchii (two families).

A small group of eel-like fishes having characteristics of both

Ostariophysi and Apodes.

Sub-Order IV. Apodes (five families).

These are the eels. (Fig. 369.)

Sub-Order V. Haplomi (fourteen families).

These are the pickerel, killifishes (mud-minnows, etc.).

Sub-Order VI. Heteromi (five families).

These are the Fierasfer, etc. (Fig. 370.)

Sub-Order VII. Catosteomi (eleven families).

These are the stickle-backs, pipe-fishes, sea-horses, etc. (Fig. 370.)

Sub-Order VIII. Percesoces (flying fishes), (twelve families).

These include the Belone, sand-eels, rag-fishes, etc. (Fig. 370.)

*The student will meet with the term "Ganoid" in his reading. This merely refers to a shiny
scale. In the United States the gar-pike (^Lepidosteus) found in the Mississippi Valley, is commonly
mentioned, although older writers made a distinct grouping of Ganoids, consisting of Orders I, II
and III, using the African Polypterus as the classic example. In Lepidosteus, Ganoid scales have
a sort of peg and socket arrangement.
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Fig. 369. Teleostei.

A, Brook Trout, a sub-genus of the Salmon family, a.L, adipose lobe of pelvic
fin; an., anus c.f., caudal fin; d. f. 1, first dorsal fin; d. f. 2, second dorsal or
adipose fin; /./., lateral line; op.,^ operculum; pct.f., pectoral fin; pv.f., pelvic fin;

v.f., ventral fin. (A, after Vardine; B and C, after Goode; D, from Bull. U. S.

F. C. 1895.)

Sub-Order IX. Anacanthini (three families)

These are the cod, etc. (Fig. 370.)

Hippocaiiiiius barboun (sea horse)

^^PHA1^^'S 1H mg I^^K
-m^1HiIHHHHMm^
1 ipiw v

Uadus inonhiia (cod)

Exoiiaules (jUbeili (flymg fish)

Fig. 370. Teleostei.

A, Fierasfer acus penetrating anal openings of holothurians. D, an, anus; c.f.,

caudal fin; d.f.l—3, dorsal fins; m.x., maxilla; pct.f., pectoral fin; pmx., pre-

maxilla; pv.f., pelvic fin; v.f. 1 and 2, ventral fins. (A, after Emery; B, after

Bull. U. S. F. C. 1907; C, after Jordan and Evermann; D, after Cuvier.)
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Sub-Order X. Acanthopterygii (78 families).

These include a great majority of our more common fishes, such as

perch, bass, mackerel, flounders, gobies, shark-suckers, climbing

perch, etc. (Fig. 371.)

Sub-Order XI. Opisthomi (one family).

These are the eel-like fishes.

•/v' ?
i -/ /.

//>^/^

,i^^m

Fh,l ,i,!,nf< lini'iiiix (,,u{<->'ii.d fiutindu

pioihii itHH-u''ifii<i (ijorcupine fislt)

LupliiitH i/isi'ufur fish itfj-frog or amjler)

Fig. 371. TeleosteL

B, Dissection of head of Climbing Perch to show accessory respiratory organ;
F, normal and G, inflated porcupine fish. (A and E, after Cuvier; B. F and G,
after Giinther; C, D, after Baskett.)

Sub-Order XII. Pediculati (five families).

These are the Anglers, Bathymal Sea-Devils, etc. (Fig. 371.)

Sub-Order XIII. Plectognathi (seven families).

These include the file-fishes, trunk-fishes, pufifers, porcupine fishes

and sun-fishes. (Fig. 371.)

Sub-Class III. Dipneusti (Dipnoi). The Lung-Fishes. (Fig. 372.)

(Two extinct and two living families.)
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These include the Neoceratodus, Protopterus and Lepidosiren.

The skeleton of lung-fishes is largel}^ cartilaginous, but there is a

tendency toward ossification. The swim-bladder serves as lungs. The
very young individuals have long feather-like external gills.

Appendix to the True Fishes.

I. Palaeospondylidae (one family between cyclostomes and fishes).

II. Ostracodermi (three orders of eight families, mostly armored
fishes).

III. Antiarchi (one family of mailed fishes).

IV. Arthrodira (one family of mailed fishes).

Neoceratodus fosien. (Australian lung-fish)
Protopterus annectens (African lung-fish)

Fig. 372. Dipneusti.

Lepidosrren lart'f,

In C, snt., sensory tubes; /./., lateral line; e.br., external gills; pel., pectoral
fin; op, operculum. In D and E, eg., external gills; Pc, pectoral fin; Pv., pelvic

fin. (A, after Gunther; B, after Claus; C, after W. N. Parker; D, after Budgett;
E and F, after Graham Kerr.)

It is well to note that 172 families of the 226 families of true fishes

are members of the order Teleostei.

Of the Elasmobranchii there are 23 families now in existence and

nine extinct.

The ganoids and dipnoi number 22 families.

Amphibia.

Contrasted with fishes, the amphibia have pentadactyl appendages,

while contrasted with reptiles, they possess double occipital condyles.

There are external gills in the larvae, though these do not always per-

sist. The adults breathe by lungs. The heart consists of two auricles,

one ventricle, a conus arteriosus, and a sinus venosus.

Sub-Class I. Stegocephali.

These are the extinct amphibia, many of which attained consid-

erable size.
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Sub-Class II. Lissamphibia. (About 1,000 species, nearly 900 of which
are frogs and toads. Figs. 315, v376.)

Order I. Apoda (Gymnophiona) Limbless Amphibia. (Fig. 373.)

These are also called caecilians and sometimes "blind-worms."

They are without limbs or limb-girdles. They burrow in the earth and
are found in warm climes. The cranium is like that of the reptile in

outward appearance, but the bones which constitute it are the same as

those which go to form any amphibian cranium. The skin is smooth
and slimy with many ring-like folds. There are as many as 200 to 300

vertebrae in some species. The eyes are rudimentary and probably

functionless. Between eye and nose, a feeling organ protrudes which
serves to guide the animal. Some are oviparous, while others are

viviparous.

Fig. 373. Apoda.

Ichthyophis glutinosa. 1, nearly ripe embryo, with gills tail-fin, and with
considerable amount of yolk; 2, a female guarding her eggs, coiled up in an under-
ground hole; 3, a group of newly laid eggs; 4, a single egg, enlarged and schematised
to show the twisted albuminous strings or chalazae inside the outer membrane,
which surrounds the white of the tgg. 5. Caecilia, emerging from burrow. (After
P. and F. Sarasin.)

Order II. Urodela (Tailed Amphibia). (Figs. 315, 374.)

These are the mud-puppies (Necturus), salamanders, newts, and
efts. Many authors call all urodeles with adult external gills, Perenni-
branchiata, though the following grouping is the more common

:

Family I. Amphiumidae (Fig. 374).

This family is without external gills in the adult stage. There are

only two genera, Cryptobranchus and Amphiuma (Fig. 374).

Cryptobranchus allegheniensis (Fig. 374), is the well-known ''hell-

bender" of the Eastern United States.

Cryptobranchus japonicus is the giant salamander Of Japan.
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Amphiuma (Fig. 374) has only one species which ranges from
Carolina to Mississippi in our Southeastern States. This is known as

Amphiuma means, and is eel-shaped with much reduced limbs and a

small pair of inconspicuous gill-clefts guarded by skin-flaps. Some of

these animals are three feet in length, living in swamps and muddy
water. The female protects the eggs by coiling about them.

Family II. Salamandridae. (Salamander and Newts.) (Fig. 374.)

These animals have no gills in the adult stage. Practically three-

fourths of all tailed amphibia belong to this family.

The most common type is the Desmognathus fuscus (Fig. 374).

The female coils about the eggs when laid. The young, after hatching,

look quite like adult forms.

Amblystoma tigrinum or "tiger salamander" (Fig. 374) is very com-

mon in North America. It has large yellow spots which may merge
into broad stripes or bands. The ground color is black. It may b)e

Fig. 374. Salamandridae.

In C, 1, Female; 2, Male at the breeding season with well-developed frills.

E, Desmognathus fuscus (American newt). Female with eggs in underground hole.

(A, after Molder; B, from Cambridge Natural History; C, after Gadow, E, after

Wilder.)

found in damp places under stones and logs, or even in cellars of houses.

For various reasons, it is one of the classic forms used in the laboratory.

One laboratory value is that it is an animal which becomes sexually

mature while still in the larval stage, a condition called paedogenesis

or neoteny.

Another very interesting fact is brought out in the life of the larval

forms of Amblystoma. The larva itself is called Axolotl, and was for-

merly considered to be a fully adult form. It is quite common near
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Mexico City. However, when some of the Axolotls were taken to

Paris, and kept in aquaria, they metamorphosed into regular, full-fledged

Amblystomas. Not only this, but some of them could be made to revert

back to the larval Axolotl form.

Salamander maculosa, commonly called the ''spotted" or "fire sala-

mander" is the most common of the European salamanders.

Salamandra atra is much darker than S. maculosa and is found in

the Alps at altitudes from 2,000 to 9,000 feet. This animal is interesting

in that it produces only two young at a time, which, while still in the

uterus, feed upon the surrounding eggs and pass through their entire

metamorphosis before being born.

Kammerer claims that S. atra will change to S. maculosa if brought
to lowland waters and then after being kept there for several genera-
tions, and later returned to the higher altitudes, they will retain the

breeding habits acquired as the lowland type. This fact has led some
authors to insist that here is a case of acquired characteristics being
inherited.

Diemictylus viridescens is the "vermilion spotted eft" or newt. It

takes several years to reach the adult form. For three years it lives in

water and has external gills. During this time it is green in color. Upon
leaving the water, it becomes yellow with vermilion spots, and at the
breeding season returns to water and again becomes green.

Triton cristatus (Fig. 374) is the "crested newt." The male has a

decided crest during the breeding season.

Family III. Proteidae. (The Mud-Puppies), Fig. 375.)

These have three pairs of fringed external gills throughout life, and
some authors call them perennibranchii.

There are only three genera, with a single species each. Two of

these genera occur in America and one in Europe.

(mud-puppyJ Sin>n JacerluKi (mud-eel)

Fig. 375. Proteidae and Sirenidae.

(After Chapin and Rettger.)

Necturus maculatus is the common American "mud-puppy." It is

assumed that this may be an animal which has remained in the larval

stage.
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Proteus anguineus (the Germans call them *'olms") are blind cave

mud-puppies nearly white in color. But, if brought into the light, they

become at first grayish and then jet-black.

Typhlomolge rathbuni is a form quite like Proteus, and is found

in subterranean caves and sometimes is brought up from deep artesian

wells. They are found in Texas.

Family IV. Sirenidae. (The Sirens), (Fig. 375.)

These have three pair of permanent fringed external gills, and the

body is eel-like. There are no hind limbs. There are two genera, each

with a single species.

Siren lacertina, commonly called the "mud-eel." It may reach a

length of thirty inches. It is black in color dorsally and lighter ven-

trally. It is found in the southeastern part of the United States.

Pseudobranchus striatus is much smaller than Siren, hardly ever

reaching a length of more than seven inches. It has one pair of gill-

clefts and only three fingers. There is a broad yellow band along each

side. It is assigned the lowest place among the urodeles.

Order III. Anura (Tailless Amphibia), (Figs. 315, 376).

These are the frogs and toads.

Sub-Order I. Aglossa.

These animals have no tongue.

This group is not yet commonly known as it occurs only in South

America and in Africa.

Pipa americana (also known as the "Surinam toad," Fig. 376), has

rather remarkable methods of carrying its eggs after they have been

laid. There are holes in the back of the female into which they are

deposited.

Xenopus and Hymenochirus are the African genera.

Rhncophorus

(flying tree-load of Borneo)

Ahjlcs ohsieincans

(ohstelrical load)
Pljia americana

Fig. 376. Anura.

A, Pipa americana with young in skin pockets of back. C, Male obstetrical

toad with string of eggs: (A, after Ludwig; B, after Wallace; C, after Claus.)
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Sub-Order II. Phaneroglossa.

These are the frogs and toads with tongues. There are seven
famiHes.

The best known of these families are the Buffonidae, which are the
common toads, and the Ranidae, the "true frogs."

There is a peculiar species of toads in France and Switzerland called

Alytes obstetricans (Fig. 376), in which the male takes the eggs when
laid and wraps them around his hind legs, after which he deposits them
in a hole in the ground. These eggs are then moistened by him with
dew and taken out occasionally in the water. When the eggs are ready
for hatching, he takes them all to the water and remains with them
until hatching is complete.

Class Reptilia.

There are four orders of living reptiles. These are cold-blooded
vertebrates, breathing by means of lungs throughout their life cycle.

Lizards, snakes, crocodilians, and turtles come under the heading of

Reptilia.

The fossil records of the past show that the four living orders are

but a small portion of the variations within this class, which have con-
tinued their existence.

In the Mesozoic era (Fig. 245, Vol. I), commonly called the "age of
Reptiles," there have been found many skeleton-remains of immensely
large Hzard-like animals. In fact, the name given to the largest of these
animals of the past is Dinosaur which means "terrible lizard."

Sphenodon pundaium
Fig. 377. Reptilia.

(.Sphenodon is considered the most primitive type of living reptiles.) (After Gadow.)

There were many flying reptiles at that time, while Plesiosaurs
lived in the water and had long paddles for swimming instead of legs.

Reptiles with wings are called pterosaurs. Some of their fossil

remains show these animals to have been twenty feet from tip to tip of

wings when spread. It is assumed that these animals so overspecialized

various parts of their body that, when great climatic and earth-changes
came about, they could not cope with the new conditions. It has also

been suggested that the eggs of many of these great animals may have
been used for food by very small mammals, which caused the largest of

all beasts to die out entirely.
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The reptile most closely resembling extinct forms is thought to be

Sphenodon (Fig. 377). It is confined to a few small islands off the coast

of New Zealand and is hunted and eaten by the Maoris. It is also

called "tuatara" and lives in burrows. Externally it looks like a lizard,

though skeleton and viscera are quite unlike those of other living

lizards.

Order Chelonia. (Turtles and Tortoises.)

These have a bony covering and toothless jaws. The covering

consists of a dorsal or upper portion called a carapace, and a ventral

plastron. These plates are soft in very young animals. The surface is

covered with horny shields which Gadow believes to be phylogenetically

older than the underlying bony plates. These latter do not correspond

with the former in either number or position.

There are two sub-orders.

Sub-Order I. Athecae.

These are without a true carapace

sentative of this type,

There is only one living repre-

namely the Leather-back Turtle, known as

Dermochelys (sphargis) coriacea. (Fig. 378.)

Instead of the regular carapace, there are five

dorsal, five ventral, and two lateral dermal

plates. The tail is rudimentary and the limbs

are large flipper-like paddles. Only large and

very small specimens have ever been found.

It is not known where they live between these

stages.

Sub-Order II. Thecophora.

These are the true turtles (Fig. 379) which
are divided into two groupings. The first

group is known as Cryptodira to which most
turtles of the northern hemisphere belong.

The head is retractile, and the pelvis is not

fused to the shell. In Division 11 are the

Pleurodira, representing a large group of the

southern hemisphere. These do not retract

the head but bend it sideways under the shell. The pelvis is fused to the

shell.

The more commonly known American turtles belong to Division

Cryptodira. The snapping turtles are members of the family Chely-

dridae. The skunk or musk-turtle is a member of the family Cinoster-

nidae, and the common pond tortoises are members of the famil}^

Testudinidae. The "tortoise-shell" turtle belongs to those commonly

called ''sea-turtles" and is a member of the family Chelonidae.

Sphargis coriacea

(leather-hack turtle)

Fig. 378.
The only chelonian without a

true carapace. (From Gadow.)
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Order Crocodilia.

Crocodilia are charac-

terized by well-developed

limbs, long tail, fixed quad-

rate bone, and teeth fixed

separately in alveoli. The
various extinct forms, how-

ever, do not have all these

characteristics.

There are only two fam-

ilies of Crocodilia (Fig. 380).

Family I. Gavialidae.

There is only one living

species of this family. It is

called Gavialis gangeticus.

It is found in the River

Ganges and other large

rivers of India.

Family II. Crocodilidae.

This family includes

both old and new world

crocodiles and alligators.

The latter animals do not

grow so large as the croco-

diles. The alligator is dis-

tinguished from the croco-

dile by having a broad,

rounded snout.

Order Sauria. (Squamata.)

These are the lizards

and snakes. Their main dif-

ferentiating characteristics

are a movable quadrate bone

which permits of a wide

mouth-opening, a transverse

cloacal aperture, and double

copulatory organs.

Division I. Lacertilia. (Lizards.)

While normally the ordinary forms of lizards are scaly and have

four well-developed legs, there are many species which do not have

these characteristics. This latter type appear quite like snakes, but the

bones of the skull always serve to distinguish them. Then, too, the

lizards have no elastic ligament between the two halves of the lower

jaw as snakes have.

Fig. Z19. Chelonia.

A, grows to weigh 800 pounds; B,_40 pounds C,
smallest of marine turtles. This latter is the tortoise-

shell turtle. (After Ditmars.)
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There are three sub-

orders (Fig. 381).

Sub-Order I. Geckones.

These are the primitive

types having amphicoelous

vertebrae (Fig. 404), and no
bony temporal arches. They
have dilated clavicles, sepa-

rate parietals, eyes w^ith

movable lids, and a broad,

fleshy, protrusible tongue,

w^hich is nicked at the end.

The animals are usually

harmless. The tail is loosely

articulated and comes off

when seized, although a nev^

one groves quite readily.

Sub-Order II. Lacertae.

Most modern lizards be-

long to this group. Their

vertebrae are procoelous and
solid. The ventral portions

of the clavicle are not

dilated.

There are cursorial types, arboreal types, volant types, an aquatic

type, a fossorial type, and an ant-eating type, so-called from their vary-
ing modes of life.

The Gila Monster (Heloderma horridum) of our southwestern
states is the only poisonous lizard known, while the monitor (Varanus
salvator) grows to the greatest length, something like seven feet or

more.

Sub-Order III. Chamaeleontes (Chameleons). (Fig. 382.)

These animals are the ones so well known on account of their

ability to change color and the enormously long tongue by which they

readily catch insects at a distance of some seven inches.

Chameleons are highly specialized. The body is laterally com-

pressed, the tail is prehensile, and the toes are parted in the middle so as

to be used for grasping. They are found mostly in Madagascar. One
species is found in southern Europe.

Division II. Ophidia (Snakes).

Snakes are really Sauria, or Squamata, in which the right and left

halves of the lower jaw are connected with an elastic ligament which

permits the mouth to stretch greatly. They are usually limbless or have

Crocodilia.
Fig. 380,

(After Baskett and Ditmars.)
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Anguis Imgilis (limbless lizard)

Iguana tuberculaia (common iguana)

Fig. 381. Lacertilia.

(A and D, after Gadow; B, after Ditmars; C, after Shipley and MacBride.)

Anolis principalus (American chamaeleon)

Fig. 382. Chamaeleontes.

(A, after Gadow; B, Ditmars.)
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rudimentary limbs under the skin as has the python,

out eyelids.

The eyes are with-

Class V. Aves. (Birds.)

These are closely related to the reptiles. In fact, reptiles and birds

are often grouped together as Sauropsida. They have a single occipital

condyle as do the reptiles. The heart of birds is, however, divided into

right and left halves. Birds are warm-blooded. There is a fusion of

the bones of the manus and there is the formation of a tibio-tarsus and
tarso-metatarsus (intratarsal joint). Feathers cover the body.

Birds are commonly divided into : Ratitae, or "running birds," such

as the ostrich, rheas, cassowaries, etc., whose sternum lacks a furcula

(wish-bone) and a keeil (Fig. 418) ; and the Carinatae, or the "flying

birds." These latter have the sternum keeled and the clavicles are

united to form the furcula.

There are two extinct groups which had teeth.

Class VI. Mammalia.

These are warm-blooded animals, having a covering of hair, two
occipital condyles, and milk-glands in the female.

Mammals are divided into two sub-classes.

Sub-Class I. Prototheria, or egg-laying mammals.

Order I. Monotremata, which consists of two families (Fig. 383).

Echidna aculrnlu (sinny nnl.-ealer)

Fig. 383. Monotremata.

C. Echidna hystrix. I, lower surface of brooding female; //, dissection showing

a dorsal view of the marsupium and mammary glands; t t, the two tufts of hair

projecting from the mammary pouches from which the secretion flows; hm.,

brood-pouch or marsupium; cl, cloaca; g.m., groups of mammary glands. (A, after

Shipley and MacBride; B, after Claus; C, after Haake.)
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Family I. Ornithorhynchidae. (The duck-bill of Australia.)

There is no corpus callosum (Fig. 471), and the brain is the most
primitive of all living mammals.

The eggs, two or three in number, and covered with a hard shell,

are reptilian in form and are laid in a nest of grasses. The heat of the

mother's body hatches them.

Family II. Echidnidae.

These are the Australian Ant-Eaters. There is a temporary mar-
supial pouch. Only one ^gg, about half an inch long, is laid at a time
and placed in the marsupial pouch by the mouth of the mother. Here
the young hatch in a very immature condition, the mother being obliged

to remove the egg-shell after the young has come forth. The young
Echidna obtains its food by licking the milk-like secretion exuding from
the hairs in the pouch.

Sub-Class II. Eutheria.

These are the viviparous mammals which are divided into two
divisions

:

Division I. Didelphia (Metatheria). (Fig. 384.)

These are the marsupials.

Order I. Marsupialia. Mammals having a pouch to carry their

young which are born in a rather immature condition. There is usually

;^^^ft

/? ^^m

^- "^^i^

E

Didelphys dorsigera (South American opossum)

Petrogale xanthopus (rock wallaby

with young in pouch)

(A, after Vogt Specht; B, after Nicholson.)

Fig. 384. Didelphia,
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no placenta. Australia furnishes us with most Marsupialia, such as the
kangaroo, wombat, phalangerer, pouched mole, and many other forms.

The opossum is the only example in America.

Division II. Monodelphia. (Placental Mammals.)

The young are never carried in a pouch, but a true placenta nour-
ishes the unborn foetus.

Scalujj.'i ricqitndcus (coiitmon mole)

Fig. 385.

(After Coues.)

Sorex vulgaris (common shrew)

Insectivora.

The placental animals are divided into the following sections:

Unguiculates, Primates, Ungulates, and Cetacea.

Section A, Unguiculates. (Clawed animals.)

Order I. Insectivora, such as moles, shrews, and hedgehogs (Fig.

385).

Order II. Chiroptera, such as bats (Fig. 386).

Order III. Carnivora, possess sharp teeth and claws.

Under this heading come the

cat (Felidae) and dog (Canidae)

families, for example, and many
others.

Order IV. Rodentia are the

gnawing animals. Rabbits, guinea

pigs (Cavia), rats, mice, squirrels,

etc., come under this heading.

Order V. Edentata. This name
means toothless, but the animals,

with the exception of the ant-eaters,

, belonging to this group do possess

^ teeth. Different authors classify

i the Edentata in various ways. The
^ animals usually coming within this

group are sloths, ant-eaters, and
/ armadillos. (Fig. 387.)

XnnUiurpiim collans (bal) \ <j /

Fig. 386. Chiroptera. i Section B, Primatcs. (Mam-
(After Sciater.) ..; ^als with uails.)
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Chotaciiii.'i duJatlijliis ftwo-tucd duik)

TainaiiJmi Ichvdticlijhi [Tanaiiidaa anl-mier)

Fig. 387. Edentata.

(A and B, after Vogt and Specht; C, from Proc. Zool. Soc. 1871.)

Order VI. Primates. Mostly tree-inhabiting animals, with nails

on fingers and toes instead of claws or hoofs. The monkeys, which
are to be included under this heading, are divided into Platyrrhine

(broad-nostril) and Catarrhine (narrow-nostril) groups. The former
are peculiar to the New World and the latter to the Old World. The
higher apes belong to the Old World group. New World monkeys
have a prehensile tail (Fig. 388) while no Old World monkeys possess

Cebus li i/poh'.HCits

( wJi iir-llM-oal.rd iifipajo u)

Fig. 388.

Note the prehensile tail so characteristic of New World Monkeys.



236 Comparative Anatomy

this. In the anthropoid, or manlike, apes (Simiidae), (Fig. 389), there is

no tail at all.

Section C, Ungulates. (Hoofed animals.)

Order VII. Artiodactyla (even-toed ungulates), are pigs (Suidae),

deer (Cervidae), giraffes (Giraffidae), cattle, sheep, goats (Bovidae).

Artiodactyla are all terrestrial or mud-inhabiting animals, usually

of large size, having hoofs on two or four toes. Their stomachs usually

Iiave several chambers and are peculiarly adapted for an herbivorous

diet.

Artiodactyla are often divided into two groups

:

liylobrites enielloxdes

(dun-colored gibbon)
Fan ( A n t h ropepit h ecus)

troglodyfes (chimpanzpe)

Simm satynis (orang-utan)

Fig. 389. Simiidae.

(A and B, after Flower and Lydekker; C, after Vogt and Specht; D. after

Shipley and MacBride.)
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ff

Bnluor^ ihi(ion<j n])i<jon(j)

Martitfus ( untnaif'e or sm-coiv)

Fig. 390. Sirenia.

(A, from Brehm; B, from Ingersoll.)

Group I. Suina. (Swine-like.)

All the swine family come under this heading, including the hippo-

potamus which is really an aquatic hog.

Group II. Ruminantia. (Ruminants.)

The animals belonging to this group swallow their food rapidly and

later regurgitate it into the mouth for further chewing. Such animals

are said to *'chew a cud." Camels, llamas, antelopes, cows, giraffes,

goats and sheep belong here.
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Order VIII. Perissodactyla. (Odd toed ungulates.)

In this order, the animal walks on the middle digit' of fore and hind
feet. The following three families make up the entire order: Equidae
(horses, asses, and zebras) ; Tapiridae (tapirs) ; and Rhinocerotidae

(rhinoceroses).

Order IX. Proboscidia. (Elephants.)

390.)

Order X. Sirenia. (Sea-cows such as dugongs and manatees, Fig.

Aquatic offshoots of ungulate stock.

Hyrax abyssinicus (coneys or hyraces)

Fig. 391. Hyracoidea.

(From Lull after Brehm.)

Order XI. Hyracoidea (Coneys, Fig. 391).

Short-eared, rodent-like, primitive ungulates, usually living among
rocks, although some are tree-inhabiting.

Section D. Cetacea (Whales and dolphins, Fig. 392).

Drl/jliinus delphis (dolphin) fiaheiin myslecetus (ivhahhone whale)

Fig. 392. Cetacea.

In D, a, upper arm; b, blow-hole; fa, forearm; h, hand; p.th.l, small remains
of pelvis, thigh, and leg; r, roof of palate; w.w., plates of whalebone; /, whalebone
fringe. (A, after Flower and Lydekker; B, after Cuvier; C, after Sedgwick; D,
after Holder.)
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Order XII. Odontoceti (Toothed-whales).

Examples of these are : sperm-whales, narwhals, beaked whales,

porpoises, and dolphins. They have teeth but no whale-bone. They
possess a single nostril or "blow-hole," and some of the ribs are two-

headed.

Order XIII. Mystacoceti (Whale-bone whales).

These are also called baleen whales.

For convenience sake the following terms are often used:

Ichthyopsida.

This is a name given to Cyclostomes, Gnathostomes, and Amphibia
combined. The distinctive characteristics of the Ichthyopsida are that

all animals belonging to this group breathe by means of gills at some
period of their life's history. They are, therefore, aquatic vertebrates.

They are sometimes called Anamniota or Anamnia, because they do

not develop an amnion, and Anallantoida because they do not develop

an allantois.

Sauropsida.

This is the name given to birds and reptiles combined. The dis-

tinctive characteristics of the Sauropsida are that all animals belonging

to this group breathe with lungs and never develop functional gills.

They are, therefore, terrestrial vertebrates. Sauropsida, together with

the Mammalia, are called Amniota on account of their developing an

amnion, and Allantoida on account of their developing an allantois.

Tetrapoda.

This is the collective name assigned to all four limbed animals,

whether they are amphibians, reptiles, or mammals.



CHAPTER XXI
THE INTEGUMENT

IN
examining an organism it is logical to first examine its external

structure. It is thus the outer covering of the body which becomes
our first object of study. In fishes we, therefore, study scales; in

the frog and the human being, the skin; while on most mammals, fur;

and on birds, feathers. Yet, whatever forms such external parts may
assume, they are a covering of the body, and as such form what is called

an integument ( ). This term includes the skin,

or cutis, and all the structures derived from it. If an animal lives in

water, the effect of water upon such covering must be considered;

likewise, consideration must be given to whether an animal lives in a

cold climate or in a warm, whether it lives in the air or burrows beneath

the earth. All these things are bound to have modifying effects upon
an animal's outer covering.

Microscopically the integument of vertebrates consists of two
layers: (Fig. 393), an outer, epidermis, which is the remainder of the

ectoderm after the nervous system has been separated from it, and a

deeper layer, the cerium, or derma, composed of mesenchyme which has

been derived from the somatic portion of the somite. It is into this

deeper structure that the nerves and blood vessels extend.

Accessory organs are developed in both layers, but may begin

growth in one and extend through the other. In all cases, however,

each element of the accessory organs has a very definite place of origin.

The integumental glands thus arise from the epidermis, though

dipping down into the corium to receive a fibrous covering.

Pigment usually develops in the corium and often then migrates

to the epidermis, although it does sometimes develop in the latter layer

itself.

Blood vessels (except in the mucous membrane of the pharynx of

lungless salamanders) develop in the corium.

Sensory nerve endings are quite freely distributed throughout the

epidermis, but the more specialized forms remain in the corium, often

pushed up into the epidermic zone in the form of papillae. The epider-

mis is thus a bloodless, protective covering with but slight sensitiveness.

All the more delicate structures are found in the lower layer or dermis.

Both skin layers have the power to form hard parts, known as

exoskeleton.

True bone, for example, develops from the corium, while horn and

enamel originate in the epidermis.

Horny structures, such as hairs or feathers (Fig. 394), are formed
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from the epidermis alone but dip down into the richly vascular corium
to obtain nourishment. The dermal scutes of ganoids and the dermal
bones of higher forms arise entirely within the corium. Teeth are com-
posite structures composed of dentine, a hard sort of bone from the

corium, overlaid with enamel from the epidermis.

It is important that one does not confuse the term integument with
mere portions of the integument ; for example, the epidermis is merely
an outer histologic layer. The ectoderm is merely one of the germ
layers from which both integument and the nervous system arise. The
skin alone on such animals as have feathers, scales or fur, likewise would
not be the integument, but both skin and its immediate outer covering

would constitute such protective substance. The following schematic

arrangement in man is that commonly used in medicine

:

INTEGUMENT.

Epidermis.

1. Stratum corneum.

2. Stratum lucidum.

3. Stratum granulosum.

4. Stratum mucosum.
5. Stratum germinativum

pighian layer).

(Mal-

Secondary Epidermal Structures.

" Hair.

Nails, claws, hoofs, beaks.

Exoskeleton. \ Feathers.

Epidermal scales.

Sensory nerve-endings.

Dermis.

(Commonly
called Corium)

1. Papillary layer, made up of

dense connective tissue.

2. Reticular layer, made up of

looser connective tissue.

Secondary Dermal Structures.

Glands.

Pigment.

Blood vessels.

Lymph spaces.

Nerves.

Dermal scales.

Note: The exoskeleton of vertebrates consists of bone, horn, and
enamel.

Bone originates in the corium (mesodermal).
Horn and Enamel originate in the epidermis (ectodermal).
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In comparative anatomy, the epidermis in turn is divided into two

layers, the lower one being known as the Malpighian layer or stratum

germinativum (Fig. 393). Usually this layer rests on the corium and

is nourished by the fluids from the corium. The cells, therefore, grow
outward as they divide to form a second or outer layer, the stratum

corneum. These outer cells come in contact with the surrounding

media and are worn away almost as fast as new ones are added from

C-b'iJc*'^!^

Papilla dj- Oe*'^^^

T^eAc c//q^ A ayef^

C'*n sec /Vofj

Fig. 393.

Diagram of a section through the skin of a mammal to show various layers,
hair, and sebaceous and sweat glands,

below. If these outer cells come off in large sheets, we find such a con-

dition as that of a snake shedding its skin.

In land animals, the first layer of cells budding off from the Mal-

pighian stratum seems to be a continuous sheet which is likely to be shed

as a whole. This is called the periderm (Fig. 395). Older books call

this the epitrichium, but as this word means ''above the hair" it is not

accurate when it refers to reptiles and birds which have no hair.

The Malpighian layer is that in and from which the glands of the
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skin are formed, while the corresponding part of the ectoderm con-

tributes to such sensory structures as the nose and ear.

The hair, nails, claws, feathers, and other outgrowths of the cutis

come from the epidermis (Figs. 393, 394). Land animals usually have a

thicker epidermis than those which live in water. The latter keep the

outer portion of the body constantly moist and so show less of the hard-

ened, or horny, consistency which is found in animals living in the air.

The cerium lies directly beneath the epidermis and is connected by

means of a loose layer of connective tissue with the deeper structures.

The corium itself is a mass of fibrous connective tissue in which there

is an intermingling of elastic tissue, blood vessels, nerves, smooth muscle

fibers, etc. It is much thicker in mammals than in the lower vertebrates.

It is the corium which is com-

monly known as leather. In both

epidermis and corium pigment

cells may be found. These are

mesenchyme cells loaded with

pigment. They are frequently

under the control of the nervous

(sympathetic) system and can be

altered in shape (chromato-

phores), thus producing color

changes, which as in the chamel-

eons, may be very marked.

If the epidermis becomes

cornified, scales are produced.

This takes place by certain cells

in both corium and epidermis

beginning to multiply in certain

definite regions. These thicken-

ings become future scales by the

stratum corneum turning into a horny material. In snakes and

lizards these scales, together with all of the stratum corneum (even the

covering of the eye), are periodically moulted, the separation taking

place at the surface of the stratum Malpighii. In turtles and alligators

there is a gradual wearing away of the surface.

Claws, hoofs, and nails are closely allied in their manner of growth
to scales (Fig. 396). In fact, a claw is formed by two scales. The dorsal

one is called the unguis, and the ventral the sub-unguis. The dorsal

scale grows continually from a root and in mammals is forced over its

bed. The unguis is curved both transversally and longitudinally, while

the sub-unguis forms its lower surface.

In the human nail, the unguis is nearly flat in both directions, and

the sub-unguis is reduced to a narrow plate just beneath the tip of the

pap

Fig. 394.

A diagram of a developing feather, highly
magnified. der., Dermis; epi., epidermis; fol.,

follicle; fth., feather; Mp., Malpighian layer of
epidermis; pap., papilla by the growth of whose
epidermis the feather is formed. (From Shipley
and MacBride.)
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nail. In the hoof, the unguis is rolled around the tip of the toe, while the

sub-unguis forms the "sole" inside it. The "frog" is the reduced ball of

the toe which projects into the hoof from behind.

The comparisons in this part of the work will be between fishes,

amphibians, reptiles, birds, and mammals, as these represent the great

type-forms of vertebrates.

FISHES

The life in water makes horny cornification very rare. The epider-

mis of fishes is, therefore, soft. "Pearl organs," however, appear during

the breeding season in some teleosts. Glands are quite abundant, the

secretion furnishing the slime on the surface. Some groups of fishes also

possess poison glands, usually in close relation to the spines of the fins.

The elasmobranchs have large pterygopodial glands in the "claspers" of

the males. The purpose of these glands is not known.

Photophores are some of the most interesting and striking of all

epidermal organs. They are usually found in elasmobranchs and teleosts

from the deep seas, where

sunlight does not penetrate.

-2 In reality, they are formed
"^ very much like an eye by the

.4 cells of the Malpighian layer

dipping into the corium.

Here they are cut off from
-6 their origm, torming a

_ ^ ^"^^

—

deeper glandular layer. The
outer rounded body is called

Section through the scale of a Lizard. 1. Peridermal
^hc IcUS, The COrium thcU

layer. 2. Heavily cornified cells forming the scale. 3. f O r m S a reflecting" laVCr
Pigment cell. 4. Ordinary cells of horny layer. 5. Inner-

. , .

ts J
^

most Malpighian layer. 6. Dermis. (After Shipley and which m tUm is CUcloSCd by
MacBride.) . .

-^

a coat of pigment.

In the myxinoids many thread-cells in little pockets are located in

various portions of the skin. Each of these cells contains a long thread

which is discharged upon stimulation, the threads forming a network
in which the mucus secreted by the ordinary gland cells is entangled.

Artificial pearls are made from "essence of pearl," which is formed in

the fibrous tissue of the corium of some fishes.

Fig. 395.

AMPHIBIA

The interesting point about these animals is that during the early

larval stage the epidermis is often ciliated and two cells in thickness.

There are numerous mucus and poison glands, sometimes enlargements

of the neck called "parotid glands." These occur on the anura, and there

is likewise a gland on the back near the base of the tail. It will be

remembered that the large lymph spaces under the skin of the frog make
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it possible to remove that animal's skin quite readily. As amphibians
and the lungless salamanders respire largely by the skin, the corium is

richly supplied with blood vessels, which, at the time of the metamor-
phosis of anura, penetrate into the epidermis. It is at this time that the
lungs are not yet functioning, and the gills are being absorbed. The
stratum corneum is shed periodically, either as a whole, as in urodeles,

or in patches. The "warts" of toads are partially cornifications of the
epidermis. A similar hardening of the skin at the ends of the toes results

in claws.

REPTILES
All these have horny scales and sometimes bony plates, though some

of the fossil groups have a naked skin.

Glands are rare, though some "turtles have scent glands beneath
the lower jaw along the line between carapace and plastron; snakes and
crocodilians have them connected with the cloaca, while the latter have
others, of unknown function, between the first and second rows of plates

along the back, as well as protrusible musk glands on the lower jaw."

Comparison of human finger nail (A)
and hoof of horse (B).

These latter are not true glands, as they produce no secretion, but cast

out the living cells. Color changes are not remarkable except in a few

snakes and lizards. Claws are common on the toes.

The so-called "femoral pores" on the under surface of the legs of

lizards are not true glands. They are epidermal structures composed of

horny cells and possibly have a sexual function.

BIRDS

The distinguishing characteristic of birds is that they possess

feathers. Both layers of skin are quite thin. Both scales and feathers
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are developed from the epidermis, although there are extremely few
glands. Some birds, like the ostrich, possess no glands, though a great

many species have the so-called uropygial gland at the base of the tail

which pours out an oily secretion for dressing the feathers. In a few
rasores (scratching birds), there are modified sebaceous glands near the

ear. The scales on the legs, as well as the claws on the feet and some-
times on the wings, are often said to be derived from reptilian ancestors.

Feathers are closely related to scales. There are several kinds of

feathers, conveniently grouped under three heads

:

Fig. 397.

Feathers of a pigeon. A, Down feather; B, filoplume; C, quill feather, a.s.,

Aftershaft; i.u., inferior umbilicus; qu., quill or calamus; rch, rhachis or shaft;
S.U., superior umbilicus; vex., vexillum or vane. (After Borradaile.)

/, //, ///.—Parts of a feather. /., Four barbs (B) bearing anterior barbules
(ABB.) and posterior barbules (PBB); II., six barbs (B.) in section showing
interlocking of barbules; ///., anterior barbule with barbicels (//.) (After Nitzsch.)

(1) Filoplumes (hairy feathers).

(2) Plumulae (down feathers).

(3) Plumae (contour feathers).

It is the plumae that have the typical form consisting of shaft and

vane. (Fig. 397.) The base of the shaft is the hollow quill in which

a small amount of loose pith is found. The shaft or rhachis is solid, and
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a groove runs the length of its lower surface. This is the umbilical

groove. The vane consists of lateral branches, or barbs, on either side,

which have, in turn, still smaller side branches called barbules. These

latter usually have small hooks at their sides and tips. These hooks

interlock to give firmness and continuity to the whole vane. In down-

feathers, where hooks are lacking, the barbs arise directly from the end

of the quill, the barbs do not interlock, and no vane is formed. Hair-

feathers consist of long slender shafts with a few terminal barbs.

Archaeopteryx, the oldest known fossil bird, had well developed

contour feathers. In most birds, feathers are not equally distributed,

Feather tracts of the pigeon. A, ventral; B,
dorsal, al.pt, alar pteryla or wing tract; c.pt,

cephalic pteryla or head tract; cd.pt, caudal
pteryla or tail tract; cr.pt, crural pteryla; cr.apt,

cervical apterium or neck-space; fm.pt, femoral
pteryla; hu.pt, humeral pteryla; lat.apt, lateral

apterium; sp.pt, spinal pteryla; v. apt, ventral
apterium; v.pt, ventral pteryla, (From Parker
and Haswell, after Nitzsch.)

but are gathered in tracts, known as pterylae (Fig. 398), and separated

by apteria, or featherless regions, where there are but few down or hair

feathers. These feather-tracts vary, however, in different groups of

birds, but are used to a considerable extent in classification.

There is a great similarity in the method in which the integument

develops in the different type forms we are studying (Fig. 394). For

example : *'A down-feather begins as a thickening of the corium, push-

ing the epidermis before it. By continued growth this forms a long,

finger-like papilla projecting from the skin. The corium extends into

the outgrowth, carrying blood-vessels with it, Avhile an annular pit, the

beginning of the feather follicle, forms around the base of the papilla.

Next, the corium, or pulp of the distal part of the papilla, forms several

longitudinal ridges which gradually increase in height, growing into the

epidermis and pressing the Malpighian layer above them against the

periderm. As a rule, the stratum corneum is divided distally into a num-

ber of slender rods arising from the base (quill), which at last are only
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held together by the periderm. Then the pulp retracts, carrying with it

the Malpighian layer. With the blood-supply removed, the epidermal

parts dry rapidly, and the periderm ruptures, allowing the rods to sepa-

rate, forming the down."

Up to a certain point, contour-feathers are quite like down-feathers
in their development.

It is to be remembered that the dorsal and ventral sides of the

feather were the outside and inside of the stratum corneum of the

papilla. Scales of lizard skin show extreme similarity in their develop-

ment to the feather just described (Fig. 395). Many smooth muscle
fibers act to elevate the feathers in the corium of birds, and there are

also tactile or sense organs. The colors of feathers depend partly upon
red, yellow, orange, broAvn, and black pigment deposited in them, but

the iridescent colors are due to interference spectra.

MAMMALS
Mammals have a relatively thicker skin than other vertebrates (Fig.

393). There are many glands and considerable hair, except in a few

orders such as the whales and sirenians. There are likewise horns and

claws as well as scales, though the latter are not so conspicuous in the

higher forms.

The corium is quite thick and is composed of irregular fibers inter-

laced with muscles, blood vessels, etc. Its outer surface often forms

papillae or ridges, especially on the palms and soles. These ridges carry

the epidermis with them. Several strata may usually be recognized

under the epidermis, namely : a thick Malpighian layer at the base, then

a thin stratum lucidum in which distinct cells cannot be recognized, and

the stratum corneum on the outside. One or more other layers may be

present. A cell must pass through all of these layers before it is worn
from the surface of the skin.

HAIR

It is important that the histological structure of a hair (Figs. 393,

394) be compared with that of a feather already described.

Scales are found in many orders, usually best developed on the tail

and feet. They are rounded, quadrangular, or hexagonal, the square

scales being arranged in rings around the part, the others in groups of

five known as quincunx. These latter are closely similar to the scales

of reptiles. It seems, from recent investigations, that there is a close

relation between scales and hair, since in mammals with scales, hairs are

usually arranged in groups of three or five behind each scale; and in

those without scales, the hairs are also grouped in the same manner. In

the early embryo, the hairs are arranged in longitudinal rows so that

grouping seems to come later.
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GLANDS
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These are of various kinds and types. The structural shapes and
forms into which they may be grouped have already been studied in the

frog- and should be recalled, but we must also think of five divisions or

groups, classified not according to structure, but according to function.

Thus we have the following grouping:

(1) Sweat (tubular in shape), extending from the Malpighian layer

down through the corium where they are coiled.

Schematic arrangement o£ varying types of mammary glands. 1, Echidna,
primitive type; 2, Halmaturus (a genus of Kangaroo) forming pouch in lactation;

3, Didelphys, forming of nipple before lactation; 4, Same during lactation (quite like
man); 5, Mammilary pouch in cow embryo; 6, in adult cow. (After Max Weber.)

(2) Sebaceous (acinous in shape), connected with each hair (Fig.

393).

(3) Mammary (modified tubular glands) which produce milk

(Fig. 399).

(4) Tarsal or Meibomian (modified sebaceous glands), in eyelid,

producing oil to keep tears from overflowing (Fig. 400).

(5) Anal (acinous in form), commonly scent glands, secreting a

substance either for sexual attraction or for protection (Fig. 400).

Glands are often also divided according to the method by which
they furnish their secretions. First, necrobiotic glands, which burst

when liberating their fluids. The individual gland is then destroyed.

And, second, vitally secretory glands, the secretions of which are poured

through the walls of the gland while the gland itself remains functional

for an indefinite period. In fact, this physiological distinction is often

used to determine homologies when other methods cannot be used.

Each animal class seems to develop integumental glands in its own
peculiar way. No definite and continuous history of gland development

may be found throughout the various groups. Those animals living

in the water, such as fish and amphibians, have glands that secrete pro-

tective substances which are often poisonous. The Sauropsida seldom

have any integumental glands at all, and snakes have characteristic

cloacal glands secreting a particularly nauseating substance. Certain

turtles have so-called musk-glands, probably for sexuaF attraction. In

some lizards there is a row of so-called glands (really femoral pores),
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along the inner portion of the femora, that secrete a substance at breed-

ing time which hardens into short spines or teeth. In birds there are

only the uropygial glands in the caudal region, which furnish an oil

for the feathers.

In mammals there are many and varying glands in the skin, but
they may all be placed into two groups (Fig. 400), namely, the sweat-

glands, which are vitally secretory and tubular, and the acinous glands,

many of which are lobed and necrobiotic, although both originally arise

in connection with the hair.

The secretion from the sweat glands is usually thin and watery.

i~^^ i>C J/7C/ S

Fig. 400.

A, Sweat gland; B, Acinous gland. Complete gland and cross section,

cross section is cut at the level of the arrow. (Compare with Fig. 393.)
The

although it may vary from this to a thick viscous pinkish fluid, the

so-called "blood-sweat" of the hippopotamus.

The sweat glands may be found almost anywhere on the entire body
or they may be localized. Localization takes place most frequently in

the paws or on the palms of the hand and soles of the foot. Here they

serve to assist in grasping a given object more solidly.

A modification of these glands also furnishes the oily secretion of

the ear.

It probably has been observed that in hot weather horses sweat

quite profusely while dogs do not. This is due to the fact that horses

have sweat glands in the skin while dogs have not, so that dogs can only

obtain the same relief that other mammals obtain, during such weather,

by opening their mouths and panting, as it is only in this way that the

constantly accumulating moisture finds its way to a surface where evap-

oration then brings about a cooling. Muzzles should, therefore, always

permit the opening of the mouth.

There are some races of men, such as the Fuegians, who likewise

have few sweat glands.

The acinous glands furnish an oily secretion, apparently for the
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original purpose of lubricating the hair, regardless of how far removed

from this function such glands may ultimately come to be. These glands

are called sebaceous. The tarsal, or meibomian, glands of the eyelids

are practically hypertrophied sebaceous glands of the eyelashes. These

meibomian glands pour out an oily secretion which lubricates the edge

of the lids and prevents tears from overflowing. There are modified

sebaceous glands in the various orifices of the body such as in the lips

and about the anus.

Then there are groups of glands which are localized for quite specific

functions, such as the anal-sacs of the skunk, which secrete a protective

substance, and the sexually attractive glands, such as those of musk or

civet. Musk is often used in the manufacture of perfumes.

Glands usually open as an elevation at a single place, known. as a

glandular area. The milk-glands of mammals are typical examples, but

there are cases where there is a sinking of the area so that instead of

the young taking a nipple in their mouths, the lips of the sunken area

fit closely about the nose of the young and thus prevent the secretion

from being lost. Such is the case in Echidna (Figs. 383, 399). In the

opossum the nipple is really a sac like that in Echidna, but turned inside

out.

It is a common observation that in many of the domesticated animals

there is a row of nipples extending from axilla to the groin. In the

embryo of many placental animals there is an entire ridge along which

the mammary glands are to appear. In a short time there are suppres-

sions at regular intervals, which leave protruding nipples. These nipples

in turn become reduced and eventually become actual depressions.

The varying position of the nipples in different groups of animals

is due to the retention of some of the nipples in a particular region and

the suppression of the remaining ones along this lateral ridge, which,

as mentioned, extends from axilla to groin.

It is of interest that the aquatic Sirenia (Fig. 390) have pectoral

mammary glands. They bear but a single young at a time and nurse

their offspring by standing erect in the water while clasping the young
in their flippers. It is supposed that many of the 'mermaid stories had

their origin from an observation of this animal nursing its young.

It is by no means uncommon to find animals (including man) having

a peculiar arrangement of nipples on their bodies. Supernumerary nip-

ples are termed hyperthelism, and supernumerary mammae are termed

hypermastism. These supernumerary developments sometimes occur on

the thigh and other parts of the body. They are considered displace-

ments and not reversions if they occur in out-of-the-ordinary regions,

and reversions if they occur in regions where they normally develop

embryologically.

While rudimentary nipples occur in the male of placental mammals.
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and may even prove to be functional in some instances, monotromes and
marsupial males do not develop them at all.

SCALES

As the dog-fish has w^hat is called the indifferent type of an exoskel-

eton, it is this animal which forms the classic example for a preliminary

study. Here we find imbricated rows of pointed scales (which merely
means that one row of scales covers the intervals of the next row).
(Fig. 401.) The scales of other fishes, as well as of reptiles, and even
the feather papillae of birds, and the hair of mammals, are all arranged
in a similar manner.

The scales of the dog-fish are said to be placoid (Fig. 401), which
means that each has an approximately flat base from which a sharp-

pointed cusp arises. This cusp is inclined in the direction of the free

edge of the scale. When the scale is in place, the inclination is toward
the posterior portion.

The scale itself consists of a core of dentine which is overlaid with
enamel. In fact, the cusp is almost all enamel. The papilla from which
nourishment comes to the scale lies beneath. In the embryo the scale

forms between epidermis and corium, the dentine arising from the

corium, and the enamel from the epidermis.

In the selachians there are several rows of pointed teeth arranged

quite like the scales on the surface. These develop from the same layers

and in the same manner as the scales, and consist of a similar structure,

so they are assumed to be merely placoid scales modified by different

usage.

All higher vertebrates inherit teeth. In birds and turtles they are

supposed to have been secondarily lost.

Ganoids (Fig. 368) develop their scales (Fig. 401) from the corium

alone, the epidermis playing no part. Consequently the ganoid scale is

all dentine. Ganoid scales are shiny, which is the very meaning of the

term "ganoid." They are usually rhomboidal in shape and do not pos-

sess a cusp. In the sturgeons (Fig. 368), the scales consolidate into

large bony shields called scutes. The former mailed or armoured fishes

merely carried this consolidation to great extremes, and the plates were
continuous. In the sturgeons the plates are not continuous but are

placed in rows along the back and sides so that there are large areas

unprotected.

It is important to note at this point that in all ganoids (Polypterus,

sturgeons, paddle-fishes, gar-pikes, and bow-fins, Fig. 368), the plates

or scutes cover the entire head. The coming together of the edges forms

sutures while the structures lying between the sutures are commonly
called the dermal bones of the skull.

Frontals. parietals, maxillaries, and squamosals are found in all
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higher groups, though the opercular and rostral series disappear entirely.

Most of the orbital series also disappear, with the exception of the

lacrimal. Then, too, there are the dermal bones of the mouth cavity,

such as vomers, palatines, and parabasal, which are supposed to have

l-h^ ^' ^.

Fig. 401.

Placoid scales. A, A portion of the skin of the dogfish as seen under a hand
lens; B, a single scale removed from the skin; C, the same in section (diagram-
matic). b.. Base of the scale; c, the same in section; d., dentine; e., enamel;
p., pulp cavity. D, Part of the tail of a dogfish seen from the left side, with a

piece of the skin removed. l.L, Tube of the lateral line; myc, myocommata or
septa of connective tissue; mym., myomeres. (After Borradaile.)

E, ctenoid; F, ganoid; and G, cycloid scales. (From the Cambridge Natural
History; E, F, after Giinther; G, after Parker and Haswell.)

retained the original character, inasmuch as teeth often form on and in

these bones.

In the higher forms, the dermal bones, however, arise from various

centers of ossification in the cutaneous mesenchyme, and while this

difference has been explained as a curtailing of the previous race history,

it is quite likely that there is little difference between dermal and

cartilaginous bone formation in the highest mammalian forms, the

dermal being merely more "stretched out" portions, as will be learned

when the endoskeleton is studied.

Scales in the teleosts, although often rhomboid when quite young,

become circular later and are then called cycloid. Ctenoid scales are

quite similar to cycloid except that they are set in diagonal rows in

pockets of the dermis with their free edges overlapping. (Fig. 401.)
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Amphibians do not have scales and hard exoskeletons, although

there are extinct forms in v^hich the body was covered v^ith them.

In reptiles, the scales arise only from the epidermis and are, there-

fore, composed of horn or keratin. There is no trace of bone in them.

The corium, hov^ever, furnishes the nourishment to these keratin scales,

although it does not furnish any of the hard parts. There is no definite

knowledge as to the relationship between the scales of reptiles and

those of fishes.

Reptiles also have other integumental structures beside the keratin

scales, namely: spines, combs, and claws; all, however, also made of

keratin.

The birds are structurally and developmentally quite like the rep-

tiles in that they possess feathers which are homologous to the reptile

scales, and in having their beaks and claws composed of keratin. There
have been toothed-birds in the past, and it is said that tooth-germs have
even been found in the embryonic jaws of some of our modern birds.

In mammals, the tiny scales covering the body are seen as definite

hard structures, mainly on the claws, tails, and sometimes on the backs

of such animals as the armadillos (Fig. 387). They are always only

epidermal in origin. In the armadillos, the corium secondarily supplies

the hardening portions so that the covering of the animals becomes very

thick, hard, and osseous.

It is assumed, very often, that formerly all mammals were covered

by hard scales because the hair arrangement of mammals is quite like

that of the scales. For example, on the tail of a rat, the scattered hairs

will appear among the scales in a very definite relationship, namely, a

group of three hairs (one medial and two lateral) will project beneath

the margin of each. The median hair is the longer and stouter. In

addition to this, there are similar arrangements of hairs in groups of

three even upon areas not definitely associated with scales. The hairs,

however, are arranged in an imbricated series like scales. Even where

the hair is very thick, and forms a heavy fur, this arrangement can often

be made out.

As scales in their simplest form are tiny elevations, the pads on

mammalian feet are often used to illustrate the arrangement and transi-

tion of scales in different mammalian groups.

These pads are usually eleven in number, five for the tips of the

digits, four for the distal margins of palm and sole beneath the inter-

digital intervals, and two for the wrist or ankle.

The scale rudiments are arranged in rows upon these pads. They
fuse to form "friction ridges," so-called because they prevent the animal

from slipping (Fig. 402). These friction ridges are always arranged at
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Fig. 402.

Ventral view of the palm of the hand of an
insectivore and of a primate to show correspondence
between relief and arrangement of friction ridges.

A, Crocidura caerulea (shrew-mouse). Forepaw
showing walking-pads enclosed by triangular folds of
skin. B, Macacus sp? (Old World monkey). Hand,
covered by friction ridges, the arrangement of which
corresponds to the relief of A. The pads are rep-

resented by concentric circles, and the trianglar folds

by triradii. These latter features are here designated
by heavy lines, although in the animal they are no
more conspicuous than the others. (From Wilder after
Miss Whipple.)

right angles to the direction in

which there is considerable

tendency -to slip. In the arbo-

real types of mammals, such as

the lemurs and monkeys, the

scale rudiments are arranged

in concentric circles, as in such

animals there is a tendency to

slip in any and all directions.

The ridges form only on the

actual contact surfaces.

While structure always de-

termines function, yet in integ-

umental studies we have found

that function very decidedly

modifies the various structures,

and later, we shall see that such

modification is not confined to

integument alone.

Now, to be truly scientific,

means to retain an open mind

to all truth wherever and whenever found. But our prejudices and

wishes all too often influence us as readily toward a too conservative as

toward a too radical point of view. We must face the facts as they are,

pleasant or unpleasant, but we must not forget that many different in-

terpretations can be drawn from the self-same facts. An example of

this is brought home at this very point.

There is no question about the facts so far presented, which anyone

can demonstrate for himself. The question that presents itself is simply

this: Does it follow that because a bird has all the characteristics of a

reptile, plus some additional features, that, therefore, it had reptile

ancestors?

If one accept the so-called Haeckelian law of biogenesis, that each

individual in the embryonic stage passes through the adult stages of the

race to which it belongs, then such a conclusion is valid; but, if we
remember that all this so-called law means is that all forms pass through
similar stages, the higher forms then continuing, while the lower ones

remain stationary, another interpretation is still more valid. And our

difficulty is by no means lessened when we remember that biologists at

large are agreed that acquired characteristics are not transmitted. What,
then, becomes of even a reasonable explanation of how any modifications

can be carried on from parent to offspring?

Still further, we have seen from Professor de Vries' work that all

newly appearing structures may be but the return of some recessive
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characters which have long lain dormant, while in the so-called rudi-

mentary structures there is always the alternative of considering such

structure an overgrowth or a hypertrophy of some smaller organ valuable

at some time in embryonic life; or, it may even be a true remnant of a

structure no longer needed by modern methods of life, modern foods and
modern environment. Or, still a third alternative suggested by Professor

Bateson, that just as a complex structure is the more complex, the

smaller and simpler it can be made to appear, so the original fertilized

egg-cell, from which an entire vertebrate develops, is much more complex
than the finally completed body, because the single cell had all the possi-

bilities of the complete body within its tiny self, and consequently, we
are always really losing something as development proceeds.

What is meant by a normal development of a cell into what it is

later to become, is simply, that commonly, certain obstacles are removed
by which these possibilities can come forth. If then, either environment
(external or internal), food, atmosphere, position, injury, or chemical

stimulus removes certain factors which hold back growth, any such

possible factor already present in the cell may come forth ; but its pos-

sibility must have been already present in the primitive cell.

This is well shown by the fact that normally the skin finishes growth
at a certain time, but if a portion of skin is torn, the injury stimulates

the connective-tissue cells which then divide and fill the wound with

scar-tissue, that is, the original injury removes an obstacle to such con-

nective-tissue-cell's growth. What particular factors, then, can be said

to explain modifications? We do not know.
It is the province of science to press a problem further and further

back and thus raise more problems. There is, and can be, nothing

absolute about any scientific interpretation.

The student, as does the average man, wants something definite,

something he can be sure of; but this is just what he cannot find in any
biological study ; and, unless he can appreciate this and still love science

—science is not for him.

If he should nevertheless go into a scientific field such as medicine
or dentistry, he will be a practitioner who will ever seek and follow the

opinions of the least scientific and least trustworthy men, simply because
these speak with definiteness and absoluteness, albeit, likewise with
absurdity.



CHAPTER XXII
THE ENDOSKELETON

BY the term skeleton we mean all hard parts used for support and
protection outside of what has already been termed the integument.

The skeleton develops only from mesenchyme. It will be recalled

that after the mesoderm has divided into a somatic and a splanchnic

layer, these two layers together are called mesothelium to distinguish

them from the mesenchyme. The latter, while also lying in the seg-

mentation cavity, develops as separate cells from both the mesothelium
and the entoderm. Some even believe that ectoderm has a part in its

formation.

When bone forms from
cartilage, the lime salts may
be laid down on the inner

portion of the perichon-

drium and from there
^^^' ^^^' invade the cartilage. This

Diagram to show growth of bone. A, animal recently •
11 j 'r .- 1

fed madder which causes a layer of bone (black) to be IS Called OSSltlCatlOn by
colored by the dye; B, no madder fed for a time, when a api-r»^Vir»nr1rncfncic
deposit of colorless bone on outside of colored layer is eCtOCnonurO'StOSlS.
formed; C, later the outer layer becomes thickened and the
inner layer is absorbed. BonCS may form from

cartilage of the osteoblasts or, forming from the more interior cells and

then, with this group of osteoblasts as an ossification center, ossification

extends in all directions. This latter method is known as entochondros-

tosis.

Often the long bones increase by the formation of smaller bones
which then become attached to the ends of the long bones. Such joining

is called an epiphysis.

If madder is fed to an animal, the actual bone formation is colored.

This makes it possible to see just how the new bone is formed. The new
bone is laid down outside of that already grown, and with such growth
the "marrow cavity" becomes larger by a resorption of the bone which
has already formed. The osteoblasts are laid down in between the newly
forming layers of bone (Fig. 403).

THE VERTEBRAL COLUMN
We have already seen, in our study of the embryology of the frog

and chick, how the centra of the vertebrae are formed around the noto-

chord and that possibly some parts of the chorda remain as the inter-

vertebral discs. Here we are to study and compare the adult form in

the various groups.

The most complete vertebrae may be found in the tails of some of
the lower vertebrates. Figure 404 shows a comparison of several types.



258 Comparative Anatomy

It will be noticed that dorsally there is a neural arch, while ventrally
a similar outgrowth from the centrum is known as the haemal arch,
while the pointed end in each case is known as a spine.

The haemal arch is quite incomplete or even entirely absent in the
regions anterior to the tail.

In the higher vertebrates (Fig. 404) there are articular processes,

Fig. 404.

/, A and S. Diagram of a vertebra of a bony fish. A, caudal; B, trunk; C
amphicoelous; D procoelous; E, opisthocoelous; F, amphiplatyan vertebrae. The
head is supposed to he at the left, c, centrum or body of vertebra; ch. notochord;
h.a., haemal arch; h.c, haemal canal; h.s., haemal spine; h.z., haemal zygapophysis
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called zygapophyses, both on the anterior and posterior sides of each

vertebra, and usually transverse processes extending laterally in the

planes of the original divisions between the muscles.

Where true ribs occur, there are two additional transverse processes

to which these attach.

The centrum, where it meets with the intervertebral disc, has four

distinct forms (i^ig. 404).

If the face of the centra at each end, where it is to meet with the

intervertebral disc of the centra lying immediately anterior and imme-
diately posterior to it (as in hshes), is hollow at both ends, it is called

amphicoelous (Fig. 404). If one end is like a ball, namely, convex, and
the other concave, so that the ball-like portion can lit into it, the condi-

tion is known as procoelous if the socket lies on its anterior surface, and
opisthocoelous if on the posterior surface, while if the ends of the centra

are flat, as they usually are in mammals, such a condition is known as

amphiplatyan.

The arches of the vertebrae form first (Fig. 352), and the centra

later, and the sclerotome divides into a caudal and cranial half which
thus makes possible an advantageous condition to the animal in permit-

ting interaction of skeleton and muscles (Fig. 305).

It must be remembered, however, in this connection, that in some
animals normally, and in others abnormally, the two halves of the

sclerotome may unite (as in some fishes), and thus not have this inter-

play of muscles; or two neural arches may form by the rudiment which
normally becomes one arch, dividing as does the sclerotome, and thus

produce a greater quantity of vertebrae than usual. And, not only may
this happen to the neural arches, but also to the centra. In fact, almost
any variation in the spinal column may be accounted for by an embryo-
logical condition remaining in the adult form.

or articulating facet; m.b., intermuscular bone; n.a., neural arch; n.c, neural canal;
n.s., neural spine; n.z., neural zygapophysis; r, rib.

//. Composition of vertebrae of Reptiles, illustrated by the first and second
cervical vertebrae. (1) Atlas (first cercival) and axis (second) vertebrae of
Crocodile. (2) Atlas and axis of Metriorhynchus, a Jurassic Crocodile. (3)
Analysis of the first two cervical vertebrae of a Crocodile. 2, second basiventral
complex or "intercentrum" continued upwards into the meniscus or intervertebral
pad. (4) Diagram of the fundamental composition of a Reptilian vertebra or
other amniotic, gastrocentrous vertebra. (5) The first three cervical vertebrae
of Sphenodon. (6) Trunk-vertebrae of Eryops, a Permian Proreptile, typically
temnospondylous. cp, articular facet of the capitulum of a rib. (7) The complete
atlas of an adult Trionyx hurum. The second basiventral (intercentrum) is

attached to the posterior end of the first centrum which, not being fused witli the
second centrum, is not yet an odontoid process. (8) The complete atlas of an
adult Trionyx gangeticus, still typically temnospondylous. (9) The first and second
cervical vertebrae of an adult Platemys. (10) The complete atlas of a Chelys
fimbriata. Az, Anterior zygapophysis; B.D, basidorsai; B-V, basiventral; C^, C.,, C,,
first, second and third centra, formed by the interventralia; Cp^, Cp'^, articular
facets of the capitular portions of the first and second ribs; /, V, Inter-
ventral; N^yN^ N^, first, second and third neural arch; formed by the basidorsalia
(B.D); Od, odontoid process (which is the first centrum); Ps-, posterior zygapophysis;
R^, /?2» ribs; Sp, detached spinous process of the first neural arch t^, t.„ tubercular
attachments of the first and second ribs; 1, 2, 3, 4, "intercentra" (which are the
basiventrals) ; I, II, III, position of the exit of the first, second and third spinal
nerves.

III. TrutTk vertebrae of a tropical Skate*. /;, haemal process; i, intercalary
plate; n, neural process; r, rib; s, spinous process. (//, After Gadow; ///, from
Kingsley after Dumeril.)
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As the ventral nerve root usually penetrates the caudal division of

the halved sclerotome, and the dorsal root passes betv^een the two

divisions of each sclerotome but penetrates the cranial portion, one can

tell in the adult, from follov^ing these nerve roots, which of the adult

structures come from cranial and which from caudal halves.

The different shaped ends of the centra, which have already been

mentioned, are brought about after the vertebrae are quite definitely

formed. The centra with their arches are in a quite definite position

and the centra cannot, therefore, grow any more except at the ends.

These may have more substance laid down in the intervertebral regions,

however, and thus ultimately come to be amphicoelous, procoelous,

opisthocoelous, or amphiplatyan.

REGIONS OF THE VERTEBRAL COLUMN
The regions of the spinal column are:

(1) Cervical. The neck region, either without ribs of any kind or

the ribs are smaller than in the other regions.

(2) Thoracic. These have distinct ribs attached.

(3) Lumbar. Following the thoracic, and without ribs.

(4) Sacral. This region includes one or more vertebrae with which

the pelvic girdle is connected.

(5) Caudal. The tail-portion immediately following the sacrum.

These divisions are quite distinct in the higher vertebrates, but in

the lower, any and all combinations may form, so that the ribs may
extend almost the entire length of the spinal column. In such cases all

vertebrae having ribs are called dorsal.

In fishes, snakes, and whales, the sacral region cannot be distin-

guished ; and in fishes, the dorsal and cervical vertebrae are quite

indistinguishable. In this latter case there are, therefore, only trunk or

abdominal vertebrae, and caudal vertebra, the line being drawn where

the haemal arches begin to have ribs attached.

The first cervical vertebra to which the skull is articulated is called

the atlas in all higher vertebrata, while the second cervical vertebra, at

least in the amniotes, is called the axis or epistropheus (Fig. 404).

In mammals the atlas can always be distinguished by the two

anterior articulating surfaces for the two condyles of the skull, and the

axis, by the tooth-like projection known as the odontoid process, on

which the atlas turns.

It is interesting to note that embryologically, this tooth-like process

develops from the atlas, but then separates and later becomes attached

to the next succeeding vertebra. •

In a few reptiles there is a so-called proatlas, consisting of one or

two plates lying between the atlas and the skull. It is not known just

what relationship this bears to the other vertebrae.

In fin-bearing animals, if the spinal column runs to the end of the



The Endoskeleton 261

body in a straight line (Fig. 405), the caudal fins are known . as

diphycercal, a condition found in the young of all fishes and in adult

cyclostomes, dipnoans, and crossopterygians.

If, as in the elasmobranchs and ganoids, the tail axis bends abruptly

upward at the end, but retains the dorsal fin-part and a portion of the

ventral region, it forms what is called a heterocercal tail, while if there

is the same upward bend of the spinal column but the ventral and dor-

sal fin-portions of the tail become alike as to size and shape, the tail is

Fig. 405.

Diagrams of the principal forms of tails in fishes. A, proto-

cercal fin (as in Polypterus) ; B, heterocercal (as in sharks) ; C, homo-
cereal (as in most teleosts); D, homocercal (as in Amia). (After

Folsom.)

said to be homocercal. Homocercal tails are brought about by the neural

arches becoming smaller and the haemal arches becoming larger.

THE SKULL
Bone either forms in cartilage or membrane, and it is quite common

to hear biologists speak of cartilaginous and membranous bone. How-
ever, recent investigations lead us to believe that the so-called membrane
is nothing more or less than cartilage drawn out very thin in those parts

where the greatest pressure is produced. This can be understood the

better if Fig. 406 be carefully studied. It will be noticed that all the

superior and inferior boundaries are membranous, for here there is

nothing to prevent a considerable extension of growth, while in the

innermost portions, where pressure comes from practically all sides, it

is cartilage.

Babies have a very soft spot on top of and close to the center of

the head for about one and one-half years after birth. Places such as

these are called fontanelles. These fontanelles are found during the

embryonic period at all spots in the skull where several points of ossifi-

cation come together. Ossification begins at many points, each center of

ossification extending and growing toward each other. The fontanelle
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is the unossified spot that constantly becomes smaller until ossification

is complete.

Professor Eben J. Carey has recently shown that, contrary to the

usually accepted idea that bone grows simply because there is an inner

something which makes it assume definite forms, it is the stress and
pull and pressure of its location which determines its shape, size, rapidity

of growth, and even its joints.

The reason this has not been understood heretofore is that former

experimenters took only sections from the growing bone itself for their

study. Professor Carey, however, has taken the complete embryological

structure, including all muscles and related portions, which might throw
light upon the pull and pressure which affects such bone during its

growing period.

Observing the ossification centers in the skull will throw light on

this subject (Fig. 406). There are many such centers, and they are

always found at exactly those points where there is an especial stress or

pressure. At these points it may be that sharper bends in the blood

vessels cause a slowing of the blood stream, which slowing in turn causes

lime salts to be laid down at the angles to a much greater extent than

where the blood stream can rush past more swiftly. Then, with each

^5^
M.E

C%?'

Fie. 406.

A diagram of the skull bones of a mammal, the membrane
bones shaded. B.O., Basioccipital; E.O., exoccipital; C, condyle;
S.O., supraoccipital; Par., parietal; Fr., frontal; Na, nasal; Pmx.,
premaxilla; M.E., mesetlmoid; L., lachrymal; T2t.._ turhi al; P.S.,
presphenoid; O.S., orbitosphenoid ; A.S., alisphenoid; B.S., basis-

phenoid; S.Q., squamosal; P., periotic; T.. tympanic; P'.. palatine;

Pt., pterygoid; Mx., maxilla; Ju., jugal; T.H., tympanohyal; S.H.,
stylohyal; E.H., epihyal; C.H., ceratohyal; B.H., basihyal; Th.H.,
thyrohyal; vomer; MN., mandible. (From Borradaile, modified
from Flower and Weber.)

succeeding deposit of such a hardening substance, a still greater number
of blood capillaries is affected so that more lime is laid down, and so

on, until all of the capillaries have been more or less obliterated and the

entire cartilage, or membrane, has become ossified.

Beginning with the axial skeleton, the skull becomes our first object

of attention. The cranium is that part of the skull which encloses the

brain, together with those bony parts forming the eye-socket, the ear.
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and the nose. The more caudal portion of the skull, which is directly

connected with the cephalic end of the digestive tract, is called the

visceral skeleton.

That portion of the skull which is cartilaginous is known as the

chondrocranium while the membranous portion is called a membrano-
cranium.

On each side of the notochord (which in the embryo extends as far

forward as the infundibulum of the brain) a horizontal plate of cartilage

is formed. These plates are known as parachordal plates (Figs. 310,

353). These extend laterally to the ears, forward to the end of the

notochord, and backward to the exit of the tenth nerve. The otic capsule

(cartilaginous) then grows about each internal ear and joins the para-

chordals. This forms a sort of trough in which the most caudal portion

of the brain lies. The floor of this trough is known as the basilar plate,

being formed of the parachordals and notochord as a floor, while the

sense capsules constitute the sides.

From this basilar plate two cartilages pass forward on each side,

forming a similar trough for the anterior part of the brain. According

to Professor Kingsley, the lower of these, called the trabeculae cranii,

"join the anterior margin of the basal plate, while the dorsal bars, the

alae temporales or alisphenoid cartilages, are eventually connected with

the anterior wall of the otic capsules. In most vertebrates the trabecu-

lae and alisphenoids develop as a continuum, but in some elasmobranchs

they are at first distinct. The two trabeculae unite in front to form a

median ethmoid plate beneath the olfactory lobes of the brain, beyond
which they diverge as two horns, the cornua trabeculae, ventral to the

nasal organs. The floor of the trough in front of the ears is formed by
the ethmoid plate anteriorly, while behind, it is usually of membrane.
In the elasmobranchs, cartilage gradually extends from one trabecula

to the other, closing last below the infundibulum and hypophysis,

these lying for a time in an opening (fenestra, later fossa hypophyseos),
and after the closure, in a pocket in the floor of the chondrocranium, one

of the cranial landmarks, the sella turcica."

*Tn the more primitive vertebrates, the trough is converted into a

tube around the brain by the extension of cartilages between the

alisphenoid cartilages and the otic capsules of the two sides dorsal to the

brain. This roof, or tegmen cranii, is usually incomplete, having one or

more gaps or fontanelles, closed only by membrane. In the higher ver-

tebrates the cartilage roof is at most restricted to a mere arch, the synotic

tectum, between the otic capsules of the two sides.

"Later a pair of nasal capsules develop around the olfactory ors^ans.

These are usually fenestrated and become united to the cornua, alisohe-

noids, and ethmoid plate. In a similar way a sclera (sclerotic coat) forms
around each eye, but since the eye must move, this sense capsule
never unites with the rest of the cranium. Behind the otic capsules
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a varying number of (four in some sharks and most teleosts ; in others

three; in amphibia two), occipital vertebrae are developed, which later

fuse with the rest of the chondrocranium. They alternate with myotomes
and nerves in this region as do the vertebrae of the vertebral column.

"The cartilaginous visceral skeleton arises in the pharyngeal region

which is weakened by the presence of the gill clefts. It consists of a

series of pairs of bars, the visceral arches lying in the septa between the

otic capsule
orbit

chondrocranium

olfactory capsule

n«^ arch intercalary arch

pteiygoquadrate

cartilage

jnandibular (first)

gill arch

Meckel's

cartilage

pbaryngobranchial

epibranchial

ceratobranchiaJ

hyobranchial

basibranchial

or copula

hyoid (second)

gill arch.

phi

r.vi.vn. op.vii.

ip. n.a. n.

i:„a /. ,/.

II.

Fig. 407.

I. Diagram of the chondrocranium, vertebral column, and gill arches of an
elasmobranch to show particularly the parts and relations of the seven gill arches.

(Hyman's modification of Vialleton.)
II. Skull and part of the backbone of a dogfish, seen from the right side. The

skeleton of the visceral arches has been pulled a little downwards, au.c, Auditory
capsule; b.b., basibranchial cartilage; h.h., basihyal cartilage; c, centrum; cer.h.,

ceratohyal cartilage; cer.b., ceratobranchial cartilages; d.r, v.r., forarnina for the

dorsal and ventral roots of a spinal nerve; e.m,., extrabranchial cartilages; e.c.f-,

external carotid foramen; ep.b., epibranchial cartila.ges; e.L, ethmopalatine liga-

ment; gr., groove for vein which connects orbital and anterior cardinal sinuses;

g.r., gill rays; hy.a., foramen for hyoidean artery; hymd., hyomandibular cartilage;

i.o.c, interorbital canal; i.p., intercalary plate; M.c, Meckel's cartilage; I.e.,

labial cartilages; nas.c, nasal capsule; n.a., neural arch; n.sp., neural spine; o.n.f.,

orbitonasal foramen; op.V., op. VI I., foramina for ophthalmic branches of fifth and
seventh nerves; op'., foramen through which combined ophthalmic nerves pass from
the orbit to the snout; op.g., grooves for op.V., VII.; orb., orbit; p.sp.L, postspiracular

ligament; pal.b., palatine bar; ph.b., pbaryngobranchial cartilages; r., rib; rost.,

rostrum; tr., ventrilateral (so-called transverse) process. (After Borradaile.)
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clefts, the bars of a pair being connected below the pharynx. Each

bar, at first, is a continuous structure, but to allow for changes of size in

the pharynx, each becomes divided into separate parts, while the arches

become connected in the mid-ventral line by unpaired elements, the

copulae (Fig. 407). The two anterior arches are specialized and have

received special names, the first being the mandibular, the second the

hyoid arch, the others, in the region of the functional gills, being called

collectively gill, or branchial arches. The number of these last varies

.Meckel's cartilage

Hyuid (lesser horn)

Thyreoid

^
A, B, C, Bones of early human skull to show their compound nature. A,

occiptal bone at birth showing the five elements of which it is composed. B,
sphenoid bone in an embryo of four months. C, temporal bone at birth, showing its

three components. Cartilage represented in black. (Redrawn from Sappey and
Hyman.)

D, Diagram of skull of new born child. White areas represent bones of
intramembranous origin; dotted areas represent bones (not derived from branchial
arches) of intracartilaginous origin ; black areas represent derivatives of branchial
arches. (Combined from McMurrich and Kollmann.)
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with the number of gill clefts. There are seven gill arches in the primi-

tive sharks, a smaller number in the higher groups, in which, with the

loss of branchial respiration, their form and functions may be altered.

At first all are clearly in the head region, but by the unequal growth of

cranium and pharynx the gill arches are carried back some distance

behind the head. All of the arches are cartilaginous at first."

The mandibular arch lies in the region of the fifth nerve, behind

the mouth and between it and the first visceral cleft—the cleft that

becomes the spiracle or Eustachian tube. "The arch is divided into

dorsal and ventral halves, known respectively as the pterygoquadrate

(palatoquadrate) and MeckeUan cartilages. In the elasmobranch and

poo

X-^j% \ np
ntj „ --^ ' poo ^

/'

Fig. 409.

Side view of a mackerel, ar, articulare; as, alisphenoid; bo,

basioccipital ; d, dentary; enp, entopteryoid; eo, exoccipital; ep,

ectopterygoid; es, extrascapular; epo, epiotic; /, frontal; io, inter-

opercular; eth, ethmoid; I, lacrimal; mx, maxillary; mxp, metaptery-
goid; n, nasal; op, opercular; p, parietal; pe, petrosal; pf, post-

frontal; pi., palatine; pm, premaxillary; po, preoperculum; poo,
postorbital; prf, prefrontal; ps, parasphenoid; g, quadrate; sbo,

suborbital; so, supraoccipital; sop, suboperculum; spo, sphenotic;
sg, squamosal; ssc, suprascapular; sy, symplectic. (From
Kingsley after Allis.)

chondrosteous ganoids the pterygoquadrate forms the upper jaw, lying

parallel to and joined to the cranium by ligaments or in chimaeroids by

continuous growth. With the appearance of bones a new upper jaw is

formed, as described below, and the pterygoquadrate becomes more or

less reduced, and ossifies as two or more bones with greatly modified

functions. Meckel's cartilage is the lower jaw of the lower vertebrates,

while in the higher it forms the axis around which the membrane bones

of the definitive jaw are arranged.

''The hyoid arch lies between the spiracle and the first true gill cleft,

in the region of the seventh nerve. It divides into an u'pper element, the

hyomandibular cartilage, and a ventral portion, the hyoid proper* which

may subdivide into several parts. In the lower elasmobranchs the

hyomandibular and the rest of the hyoid arch are closely connected, but
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in the higher fishes the hyomandibular becomes more separated from

the ventral portion and tends to intervene between the mandibular arch

and the cranium, becoming a suspensor of the jaws. Still higher it loses

its suspensorial functions, becomes greatly reduced, and apparently is

Fig. 410

A, Dorsal and B, Ventral views of cranium of Branchiosaurus salamandroides,
C, Posterior view of cranium of Trematosaurus. Br, branchial arches; C, condyle;
Ep, epiotic; F, frontal; /, Jugal; L.O., lateral occipital; M, maxillary; N, nasal;
No, nostril; Pa, parietal; PI, palatine; Pm, premaxillary; P.o, postorbital; Pr.f,
prefrontal; Pa, parasphenoid; Pt, pterygoid; Ptf, postfrental; Q, quadrate; Qj,
quadrato-jugal; S.o, supraoccipital; Sg, squamosal; St, Supratemporal; V, vomer.
(After Gadow.)

D, Chondrocranium of a frog shortly after metamorphosis. fov, fenestra
vestibuli; m, Meckel's cartilage; mtg, metapterygoid; nc, nasal capsule; ptgg,
pterygoquadrate; tnas, tectum nasalis; tsyn, tectum synoticum; timed, taenia
tecti medialis; III-V, nerve exits. (From Kingsley after Gaupp.)

subsidiary to the sense of hearing or it may be lost, the question nof
being decided. The hyoid proper becomes more or less intimately con-

nected with the arches behind and also is largely concerned in affording

a support for the tongue.

"The branchial arches are all similar to each other in the lower ver-

tebrates, but with the loss of branchial respiration in the higher groups,

they tend to become reduced, the reduction beginning behind. Some may
entirely disappear, others give rise to the laryngeal cartilages and the

first may fuse with the hyoid. The first arch is in the region of the ninth

nerve ; the others in that supplied by the tenth."
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Here^ it will be necessary to review the frog skull very thoroughly,

bearing in mind that, as in all vertebrates, the occipitals, the two sets of

Fig. 411.

Upper two views, skull of snake, an, angulare; av, articular; bo, basiocciptal

;

bs, basisphenoid; d, dentary; eo, exoccipital; epo, epiotic; /, frontal; mx,
maxillary; n, nasal; oo, opisthotic; p, parietal; pi, palatine; ptn, premaxillary;
pro, prootic; ps, parasphenoid; pt, pterygoid; g, quadrate ; .ya, surangulare; so,

supraoccipital; sq, squamosal; tr, transversum. (From Kingsley after W. K.
Parker.)

Lower two views, skull of turtle. A, lateral view. B, from below, ang.
angulare; art, articulare; au, orbit; b.sph., basisphenoid; ch, choanae; d, dentary;

fr, frontal; ;', jugular; max, maxillae; occ.b, basi-occipital; occ.l, lateral occipital;

occ.s., superior occipital; op.ot., opisthotic; pal, palatine; par, parietal; p.fi^->

postfrental; pr.mx., premaxillae; pr.fr., prefrontal; pt, pterygoid; g, quadrate;

g.}., quadratojugal; sq, squamosal; vom, vomer. (After Schimkewitsch.)

'^The frog does not have all the bones mentioned. All head bones that any verteibrate possesses
are given in the list, so that the student must not expect to find any animal with all these structures,

though he will find no vertebrate with head-bones not mentioned here.
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Fig. 412.

Upper view, a diagram of a bird's skull, disarticulated.
(After Gadow.) Membrane bones shaded. B.Oc, basioccipital;
E.Oc, exoccipital; S.Oc, supraoccipital; Pa, parietal; Fr., frontal;
Na., nasal; pm., premaxilla; M., maxilla; /m., jugal; Qj., quadrato-
jugal; Qu., quadrate; PL, palatine; Pt., pterygoid; pe., periotic; Sq.,
squamosal; AS., alisphenoid; B.S., basisphenoid; O.S., orbitosphenoid;
Pr.Sph., presphenoid; vo., vomer; iOs., interorbital septum; E., ethmoid;
Se., nasal septum; De., dentary; Sp., splenial; An., angular; SA.,
supra-angular; Ar., articular; MK., Meckel's cartilage.

Lower views, model of developing chick-skull. A, profile view,
and B, hyoid apparatus, as seen from below, ang., Angulare; b.br.,

basibranchial; b.hy., basihyal; c.aud., auditory (otic) capsule; cent.,
entoglossal cartilage; c.meck., Meckel's cartilage; col.au., auditory
columella; cor.hy., cornua of the hyoid; dent., dentary; e.br., epi-
branchial, 1; fr, frontal; k.br^, ceratobranchial, 1; max, maxillary; nas,
nasal; operc, opercular; pa, parietal; pal, palatine; pl.a.o., anteorbital
plane; pl.s.sept., supraseptal plane; pl.sph.l., sphenolateral plane; pr.fr.,
prefrontal; pr.r.art., retroarticular process; pr.tect.. Processus tectalis
(roof-formiiig) ; p.sph., parasphenoid; pter, pterygoid; qu, quadrate;
qu.}'., quadrate-jugal; s.ang., supraangular; sept.i.o., interorbital sep-
turn; sq, squamosal; vom, vomer; zyg, zygomatic process. (After
Gaupp.)
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sphenoids, and the ethmoids are the four groups constituting the car-

tilaginous cranium. (Compare Figs. 407, 409, 410, 411, 412, 413, 414.)

The occipital is divided into

:

A supraoccipital, an exoccipital, on each side, and a basioccipital.

These four bones form the borders of the foramen magnum.
premaxilla

dermosupraocdpital

exoccipital

foramen magnum

orbit

jugal

postfrontal

postorbital

intertemporal

squamosal

supratemporal

—parietal

quadratojugal

tabuiare

dermosupraoccipital

premaxilla

lateral temporal

arcade

postorbital bar

postfrontal

parietal

lateral temporal

fossa

squamosal

quadrate

supratemporal

arcade

supratemporal

fossi

temporal

mterparictal

occipital

quadratojugal

Fig. 413.

Dorsal view of the skulls of four representative vertebrates to show changes
and reduction of the membrane bones of the roof. A, skull of an extinct amphibian,
Capitosaurus, belonging to the Stegocephala; note the large number of membrane
bones completely roofing the skull. B, skull of one of the most ancient reptiles,

Seymourta, belonging to the Cotylosauria: the membrane bones are nearlj as
numerous as in the amphibian, are similarly arranged, and completely roof the
skull. C, skull of a modern reptile, the alligator; several of the membrane bones
which were present in the extinct forms have been lost, and the roof has several
openings. D, skull of a modern mammal, the dog, showing still greater loss of
membrane bones. Membrane bones blank; cartilage bones stippled. (From
Hyman's "A Laboratory Manual for Comparative Vertebrate^ Anatomy," A, after

Reynolds, B, after Williston, by permission of the Chicago University Press.)
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The sphenoids are :

The basisphenoid, extending forward to the sella turcica.

The presphenoid, extending from the trabeculae to the ethmoid

plate.

The alisphenoid, closely related to the basisphenoid.

The orbitosphenoid, in close relation with the presphenoid.

'-y mx.

Fig. 414.

A, A ventral view of the skull of a rabbit. al. External process of the

alisphenoid; b.oc, basioccipital; b.sp., basisphenoid; c.a.m., external auditory
meatus; ex.oc, exoccipital; f.m., foramen magnum; inc., incisors; ju, jugal; nir.,

molars; m.x., maxilla; oc, occipital condyle; pi., palatine; pm., premaxilla; pmr.,
premolars; pr.sp., presphenoid; pt., pterygoid; s.oc, supraoccipital ; ty.b., tympanic
bulla; V, vomer; sy.mx., zygomatic process of maxilla; sy.s., zygomatic process of
squamosal. (From Borradaile.)

B, A side view of a rabbit's slcull. Pmx., premaxilla; Na., nasal; Fr., frontal;

Pa., parietal; Sq., squamosal; S.O., supraoccipital; Per., periotic; T.,
_
tympanic

(the reference line points to the bony external auditory meatus, beneath it lies the
inflated bulla); PO., paroccipital process. (From Thomson.)

The ethmoids are divided as follows

:

Mesethmoid, lying medially.

Ectethmoid, one on each side of the mesethmoid.

The ectethmoid becomes the ectethmoid labyrinth which comes to

lie between ectethmoid and mesethmoid. The turbinate bones are

sometimes added here.

From the otic capsule are developed various otic, or petrosal, bones.

These are usually divided into

:

Prootic, lying in front of the ear.

Opisthotic, lying behind, although usually meeting below with an
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Epiotic and a sphenotic, in the teleosts and a few other forms

developed from the lateral v^all of the otic capsule and lying in front and

the

Pterotic, lying behind and directly above the horizontal semicircular

canal of the ear.

The otic bones usually fuse and form a petrosal bone in all the

higher forms. This lies directly betw^een the lateral parts of the basi-

occipital and the sphenoid.

A ring of sclerotic bones is often formed from the sclera of the eye

of birds and reptiles, though these never unite v^ith the regular bones.

From the nasal capsules a lateral ethmoid often forms on the upper v^all,

while the turbinate bones form on the medial and lateral walls. In man
the single occipital bone is formed by the four occipitals mentioned

above. The single sphenoid is a fusion of the six sphenoids mentioned

above, the alisphenoids form the greater wings and the orbito sphenoids

the lesser ones. (Fig. 408.) The ethmoid is similarly made up of the

various ethmoids mentioned.

The membranocranium gives rise to the following bones

:

Nasal, covering the olfactory region.

Frontals, between the orbits.

Parietals, on the same level with the otic capsules.

Inter-parietal, unpaired, between parietal and supraocciptal.

While these are practically all of the membranocranial bones in the

roof of the cranium of the higher forms, others may appear in the lower

groups. For example

:

Supratemporal, lying lateral to each parietal.

Postfrontal, behind the orbit.

Postorbital, forming the posterior wall of the orbit.

Supraorbital, taking the place of the frontal in forming the superior

or medial wall of the orbit.

Prefrontal, bounding the orbit in front.

Lacrimal, lying lateral to the prefrontal.

Intertemporal, lying dorsal or medial to the alisphenoid.

Postparietal, between parietals and interparietals.

Epiotic, lying above each otic capsule and usually called the

tabulare.

If, as in some fish, birds, and reptiles, the basilar plate and

trabeculae fail to ossify, then the roof of the mouth, which is, of

course, the frontal of the cranium, is also a membrane bone called the

parasphenoid, while farther forward the vomers or plough-share bones

are also membranous and lie in the nasal region. Both parasphenoid

and vomers may bear teeth.

As soon as bone begins to form, the pterygoquadrate changes

considerably, becoming closely connected with the cranium in front.

The middle portion disappears and the palatines, a pair of membrane



The Endoskeleton 273

bones, replace the disappearing part. The remaining portion of the

visceral arch ossihes, usually though not always, forming two bones on

each side, the paired anterior pterygoid and the paired posterior quadrate.

These now become the suspensor of the lower jaw. In some forms such

as the te-leosts and the reptiles, there appears an entire series of

pterygoid bones.

Outside of the pterygoquadrate, a second arch of membrane bone

develops to form the functional upper-jaw in all bony vertebrates. This

when fully developed consists of

:

Squamosal, underlying the quadrate.

Quadratojugal, which follows immediately.

Zygomatic, also called the malar or jugal.

Maxillary.

Premaxillary, which forms the tip of the jaw.

Only the maxillary and premaxillary bear teeth.

When, as in the higher forms, such as man, the roof of the skull is

not continuous, but openings of various kinds are seen, such openings

are known as fossae. The more common and constant are as follows

:

Infratemporal, being the most lateral.

Supratemporal, which is separated from the foregoing by the

squamoso-postorbital bars.

Posttemporal, lying between the parietal, supratemporal, and

occipital bones.

Temporal, when infra and supra temporal fossae unite.

Any of the bones mentioned above may fuse or disappear entirely

in certain groups, while in others there may be connections quite differ-

ent from the usual type.

The lower jaw is by no means modified as extensively as the upper.

Meckel's cartilage, by an ossification, gives rise to two bones in each

half of the lower jaw. There is an articular bone (articulare) where the

jaw meets with the quadrate, and at the tip where both sides unite—the

symphysis^—there may be a mento-Meckelian bone, although this does

not occur often. The rest of Meckel's cartilage forms an axis about

which the membrane bones of the lower jaw are arranged. These are

as follows

:

(1) Dentary, surrounding the Meckelian in front and bearing teeth.

(2) Splenial, on the inner side behind the dentary and often bear-

ing teeth.

(3) Angulare, on the low^er side usually extending back to the

hinder end of the jaw.

(4) Surangulare, lying on the outer posterior part of the jaw.

(5) Coronoid, on the upper side of which muscles which close the

jaws, are attached.

(6) Goniale, also called antarticular or dermarticulare, lies on the

medial and ventral sides of the articulare with which it usually fuses.
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The dentary, splenial, and angulare are usually found, but very few

vertebrates have them all.

In the hyoid and branchial arches, the outside portions are known
by the same names as the corresponding cartilages, membrane bones

never being found here.

The method by which the jaws are suspended varies. If the ptery-

goquadrate is directly connected with the cranium, as in a few elasmo-

branchs, the suspension is called amphistylic. If it is held in place by
ligaments and the hyomandibular is interposed between the otic capsule

and the hinder end of the jaw, it is called hyostylic; while, if the pterygo-

quadrate is more or less fused with the cranium, as in all the higher forms

beyond the fishes, it is known as autostylic.

THE APPENDICULAR SKELETON
There are two types of appendages, namely : median, or azygos,

which are found in aquatic vertebrates, and the regular paired appen-

dages found in all other classes except the cyclostomes. Several theories

have been advanced to account for the two types. One of these is that

the two types of appendages have no relation to each other, and devel-

oped independently, the pelvic and pectoral girdles being supposed to

have originated from the gill arches, while the appendage bones have

been derived from that portion which normally supports the gills. The
other view assumes that two longitudinal folds ran the full length

of the body behind the head (Fig. 415), each of these folds being sup-

Diagrams showing A, the undifferentiated condition
of the paired and unpaired fins in the embryo, and B,
the manner in which the permanent fins are formed
from the continuous folds. AF, anal fin; An, anus; BF,
pelvic fin; BrF, pectoral fin; D, dorsal fin-fold; FF^
dorsal fin; RF, dorsal fin; SF, tail-fin; S, S, lateral folds

which unite at S' to form ventral fold, (From Wieders-
heim.)

ported by a series of skeletal rods. The two dorsal and two ventral

folds then fused to form the dorsal and ventral fin. The anal opening

is, however, on the ventral side. Consequently, the caudal fins had to

be formed from the ventral fusion behind the anal opening, while the

portion anterior to the anal opening develops into the appendages proper.
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Both theories are unsatisfactory, the latter because there is no double

origin of the dorsal hns, and the former, known as the gill-arch-theory,

is unsatisfactory due to the fact that the paired appendages develop out-

side the body musculature, while the visceral arches are always internal.

All median appendages have the form of fins, and are termed dorsal,

terminal (caudal), or ventral (anal). They may occur as a continuous

fin, or they may be broken up with intervals between. Fins occur in all

fishes, in the larval and tailed amphibians, and even in rather isolated

groups, such as the Ichthyosaurs and the whales, although in the amphi-
bians and the higher groups, there is no skeleton in the median fins.

The skeleton of the fins usually consists of definite metameric car-

tilaginous or osseous bars, each of which is divided into a proximal
basale and a distal radiale. The basale often articulates or alternates

with the spinous processes of the vertebrae. The radiale supports the

fins proper.

In the higher forms of vertebrates, when the skeleton of the fins is

not composed of cartilage or bone, there is a horny substance known
as elastoidin which forms a number of slender rods in greater number
than the somites. They arise from the corium just below the epidermis,

often being united in bundles, and thus form soft-finned rays, often
replacing the radiale.

PAIRED APPENDAGES
An extinct shark had a pair of fins approximately in the region where

pectoral and pelvic girdles normally form, but no satisfactory theory has
yet developed as to how arms and legs were derived from this type of fin.
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II.

Fig. 416.

Shoulder girdles. I. Ventral views of the shoulder girdles of various Anura.
(Slightly enlarged.) 1, Bombinator igneus (a species of Frog), and 2, Bufo vul-



The Endoskeleton 277

The internal support of both shoulder and pelvic girdle consists of

inverted arches across the ventral side of the body, the limbs of the

arch extending dorsally. The part to which the limbs are attached is

called the girdle. The arch itself always forms in cartilage, though

membrane bone or dermal bone may be added.

The typical girdle consists of three elementary parts, one dorsal and

two ventral, all of which meet at the point of attachment of the limbs,

and all contribute to form the socket, in the forelimb called the glenoid!

and in the hindlimb known as the acetabulum. This shows why we
consider pectoral and pelvic girdles and appendages homologues.

THE SHOULDER GIRDLE (Fig. 416)

In fishes, the shoulder girdle is more or less U-shaped, with the

glenoid fossa at the dorsal end. Immediately dorsal to the fossa lies

the scapular region. Quite often, the dorsal part of the scapular region

is again divided, so that a supra-scapula is formed. In the skates, the

supra-scapula articulates with the adjacent vertebrae; usually, however,

the entire girdle lies free from the axial skeleton. A pair of clavicles form
from the skin. These overlay the coracoid region of the girdle, and meet
in the midline, while a cleithrum, a second bone above the glenoid fossa,

forms. In some of the ganoids, it is the cleithrum which extends toward
the midline so as to take the strain ; in fact, it is assumed that in higher

groups, where the two halves of the cartilaginous girdle have separated,

the separation is due to the stress laid upon these parts.

In the higher ganoids and in the teleosts, the cleithrum increases in

garis (Toad) as examples of the arciferous type. 3, Adult, and 4, metamorphosing
Frog, Rana temporaria showing change from the arciferous into the firmisternal
type.

_ 5, Hemisus guttatum (narrow-mouthed toad). 6. Breviceps gihbosus (tailless

amphibia). 7, Cacopus systoma (narrow-mouthed toad). Cartilaginous parts are
dotted. Ossified parts are white. CI, clavicle; Co, coracoid; E, epicoracoidal
cartilage; H, humerus; M, metasternum; O, omosternum; P, precoracoid; Sc,
scapula; S.S., suprascapula. (From Gadow and Boulenger.)

II. A, The skeleton of the pectoral fins and girdle of a dogfish, seen from the
ventral side. (After Borradaile.) cor., Coracoid region; gL, glenoid surface; h.r.,

horny rays; mpt., metapterygium; mspt., mesopteryg[ium
; ppt., propterygium;

rad, cartilaginous rays; sc, scapula. B. Ventral view of the shoulder-girdle
and

_
sternum of a Lizard, Loemanctus longipes. (After Parker.) 1. Inter-

clavicle. 2. Clavicle. 3. vScapula. 4. Coracoid. 5. Precoracoidal process. 6.

Glenoid cavity. 7. Sternum. 8. Sternal bands not united. 9. Sternal rib.

C. Sternum and associated membrane bones of a Crocodile, C, palustris. (After
Shipley and MacBride.) The last pair of abdominal ribs which are united with
the epipubes by a plate of cartilage have been omitted. 1. Interclavicle. 2.
Sternum. 3. Sternal rib. 4. Abdominal splint rib. 5. Sternal band. D. Lateral
view of the pelvis and sacrum of a Duck, Anus boschas. (After Shipley and
MacBride.) 1. Ilium. 2. Ischium. 3. Pubis. 4. Pectineal process, the rudi-
ment _of^ the prepubis corresponding to the pubis of the Lizard. 5. Acetabulum.
6. Ilio-ischiatic foramen. 7. Fused vertebrae. 8. Facet on which the projection
on the

_
femur, the trochanter, plays. E, The breastbone and shoulder girdle of

a rabbit, seen from below and somewhat from in front. (After Borradaile.)
acr., Acromion; c/., clavicle; cor., coracoid process; cp., capitulum; g.c, glenoid
cavity; mb., manubrium; mcr., metacromion; sc, scapula; st.r., sternal portion
of a rib; st. 2, st. 6, second and sixth sternebrae; tb., tuberculum; v.r., vertebral
portion of a rib; x., xiphisternum; x.c, xiphoid cartilage. F. Sternum and sternal
ribs of a Dog, Canis jamiliaris. (After Shipley and MacBride.) 1. Presternum.
2.^ First sternebra of mesosternum. 3. Last sternebra of mesosternum. 4.
Xiphisternum. The flattened cartilaginous plate terminating the xiphisternum is

not shown. S. First sternal rib.

III. Pectoral girdles of two types of ganoids. A, Acipenser (Sturgeon) and
B, Polypterus (African ganoid), ct, cleithrum; cz', clavicula; dr, dermal rays; g,
glenoid surface; r, cartilaginous radialia. (From Kingsley after Gegenbaur.)
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size and usurps the function of the clavicle, while the clavicles themselves

disappear.

Other bones from the skin may develop, such as the supracleithra

(post-temporals or supra-temporals). These connect the girdle vi^ith the

skull; sometimes also post-clavicles and infra-clavicles develop.

A review of the

appendicular skeleton,

as formed embryolog-

ically in the chick and
frog, will give one a

good idea of the parts

as they appear in am-
phibia. In the reptiles,

there is a considerable

variation in the shoul-

der girdle. In the

turtle, its position in-

side the carapace and

internal to the ribs is

supposed to be due to

the fact that the girdle

begins its development

in front of the ribs, and

later sinks to the posi-

tion it is to occupy in

adult life. The scap-

ula, procoracoid, and

coracoid are well de-

veloped. The median

ends of the latter are

connected by a cartila-

ginous epicoracoid. In

other forms of reptiles, the procoracoid usually is reduced and the

clavicle takes its place, though in the lizards, the procoracoid still

remains in its reduced condition. Clavicles may or may not be present

in turtles. If they are, they are represented by the epiplastron (Fig. 417),

which is an element of the carapace. In the chameleons and crocodiles

the clavicle is entirely lost. In limbless lizards, the girdles are greatly

reduced, and in fact in the Ophidians, the girdle itself has completely

vanished.

In birds (Fig. 418), the scapula is formed as a sword-shaped bar

overlying the ribs, while the coracoid extends from the glenoid fossa to

the anterior end of the sternum. The procoracoid has entirely disap-

peared. The two clavicles unite ventrally to form the wishbone, called

Fig. 417.

Tortoise skeleton Cistudo lutaria. Ventral side with plastron

removed and placed at one side. C, costal plate; Co, coracoid;

e, endoplastron; ep, epiplastron (clavicle); F, fibula; Fe, femur;
H, humerus; Hyp, hypoplastron; Hpp, hypoplastron; //, ilium;

Js, ischium; M, marginal plates; Nu, nuchal plates Py, pygal
plates; R, radius; sc, scapula; T, tibia; U, ulna; Xp, xiphiplastron.

(From Parker and Haswell after Zittel.)
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Fig. 418—Skeletons of Rabbit and Bird.
A.—The skeleton of a rabbit.

acr., Acromion; cd.t., condyles for tibia; cm., calcaneus; cn.c, cnemial crest:

fe., shaft of femur; fi, fibula; g. t., great trochanter; gr.t., premolar and molar
teeth; h., head of humerus, fitting into glenoid cavity; hu, shaft of humerus;
il., ilium; inc., upper incisor teeth of the left side; ind., lower incisor tooth; ij.,

ischium; ju., jugal bone; lac, lacrymal bone; mcr., metacromion; nix., maxilla;

o.f., obturator foramen; oL, olecranon process; os., orbitosphenoid bone; pa., knee-

cap; pis., pisiform bone; pu, pubis; ra., radius; sc, scapula; sp.s., spine of

scapula; St., sternum; st.r., sternal ribs; sup., suprascapula; t.Z, third trochanter;

ti., tibia; tro., trochlea; uL, ulna; v.cd., v.cer., v.L, v.sac, v.th., caudal, cervical,

lumbar, sacral, and thoracic regions of the backbone; v.r., vertebral ribs; x., xiphi-

sternum; x.c, xiphoid cartilage; 11, foramen for optic nerve. The clavicle and
hyoid are not shown.

B.—The skeleton of a pigeon, seen from the left side.

C.r., Fixed cervical rib; cr.^, free cervical ribs; cl., clavicle; cor., coracoid; d.,
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the furcula (Fig. 418, B.cL). This may either articulate with the

sternum or He free.

In the monotromes, the shoulder girdle is quite like that of the Hzard.

This is also true of the young marsupials, but in the adult, it becomes

quite like that in all other adult mammals. The coracoid in this instance

is reduced to the small coracoid process definitely ankylosed to the ven-

tral end of the scapula. The scapula is well developed with a crest

called the spina scapulae on its external surface which in turn culminates

in an acromion process (Fig. 416, II, E, acr.). The clavicle varies with

the manner in which the limb is used.

In the higher forms of mammals, the clavicle serves as a strong

brace between shoulder and sternum. However, in the ungulates, in the

whales, and in a few carnivores it has entirely disappeared. In some
mammals it appears as a mere rudiment, without apparent functional

value.

Two small cartilaginous elements often intervene between clavicle

and sternum, called episternalia or suprastemalia. Their homologies

are unknown.

THE HIP GIRDLE

The hip, or pelvic girdle (Fig. 419), is quite homologous to the shoul-

der girdle, the acetabulum representing the glenoid fossa. The ilium

represents the scapula, while pubis and ischium represent the procora-

coid and coracoid. The gap or open space between pubis and ischium

is known as the ischio-pubic fenestra. In the lower forms there is

another opening, called the obturator foramen, through which the

obturator nerve passes to the pelvis. In the higher forms, this usually

unites with the ischio-pubic fenestra, the entire opening then being

called the obturator foramen.

In the lower forms, such as the fishes, the basalia are on the inside,

and fused tO' form a single basal, through which the obturator nerve may
pass. The radialia are on its distal surface. The basalia of the two sides

do not meet, though there is often a small (or a pair of small) cartilage

plates between them. These are supposed to be the homologues of the

epipubis of the higher forms. There is no acetabular joint.

In the ganoids and teleosts, ossification begins, but there are no
epipubic elements. The pelvic fins may migrate so as to lie in front of

the pectoral.

dentary; Eu., Eustachian tube; e.oc, exoccipital; f.r., fenestra! recess; fe., femur;
fi., fibula; fr., frontal; hu., humerus; i.o.s., interorbital septum; il., ilium; is.,

ischium; lac, lacrymal; mc. 1-3, metacarpals; mt. 1-4, metatarsals; n., nasal; o.f.,
obturator foramen; pa., patella; par., parietal; ph. 1-4, phalanges; pi., palatine;
pm., premaxilla; p.c.p., postorbital process of frontal; pt., pter3'goid; pu., pubis;
Pyg-, pygostyle; q., quadrate; r.c, radial carpal; ra., radius; s.o.h., suborbital bar;
s.oc, supraoccipital; sa., supra-angular; sc, scapula; sq., squamosal; st., sternum;
st.r., sternal ribs; ti., tibia; u.c, ulnar carpal; u.p., uncinate process; ul., ulna;
v.cd., caudal vertebrae; v.r., vertebral rib; x.p., xiphoid process; sy., zygomatic process
of the squamosal; /., //., foramina for first two cranial nerves; 1-3, first three
cervical vertebrae. (From Borradaile.)
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The elasmobranchs have a true girdle, although there are no sepa-

rate elements in it, and it does not ossify, there being but a continuous

ischiopubic bar running from one acetabulum to the other with an

elongated iliac process running dorsad.

The pelvic girdle lies free of the vertebral column in all fishes, but

isc.pu- ac.

Fig. 419.

A—The skeleton of the pelvic fins and
girdle of a female dogfish.

ac, Acetabular surface; bp., basiptery-
gium; h.r., horny rays; il., iliac process;
isc.pu., ischio-pubic region; rad., cartilagi-
nous rays.

0^./.

B.—The pelvic girdle of a rabbit,

from beneath.
ac. Acetabulum; il., ilium; is.,

ischium; ob.f., obturator foramen;
pu., pubis; syni., symphisis pubis.
(From Borradaile.)

/sch

C.—Anlage of pelvic girdle of 6-day
chick embryo to show develop-

ment.
//., ilium; Isch., ischiurt;; ph.,

pubis; pp., pectineal process. (After
Johnson.)

in animals that have to support the body-weight upon their limbs, the

pelvic girdle becomes definitely attached to the sacrum by the develop-

ment of one or more sacral ribs.

In the mud puppy (Necturus, Fig. 375), the median cartilage extends

forward as an epipubic process while from the antero-lateral portion of

each pubic bone or cartilage a pectineal process extends. In the
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salamanders, to the extent of two or three somites, there is a cartilage

formed independently of the pubis in the linea alba, called the ypsiloid

cartilage.

In the frog and other anura, three pelvic bones are present, all

of which participate in the forming of the acetabulum. The ilium, how-
ever, is very long and the ischio-pubis strongly compressed so that the

obturator foramen and ischio-pubic fenestra are absent.

In reptiles, the pelvic bones are more solid and distinct than in any

of the lower forms. The ilium is often expanded, the ischio-pubic fenes-

tra large, and the ischium and pubis united from side to side by an

epipubic cartilage or a modification of this, known as the ligamentum

medium pelvis.

In some turtles, the epipubic cartilage bounds the fenestra on the

median side, but in all turtles, the fenestra and the obturator foramen

are merged into one. In lizards, there may be a separate bone ossified

from the posterior part of the epipubis. This bone is called the os cloacae

or hypo-ischium.

In legless lizards, the pelvis is greatly reduced, while all trace of it

is lost in the snakes, except the boas and some opoterodonts (worm-like

serpents). In the crocodiles, due to the oblique position of the pubes,

the obturator foramen is very large. The pubes themselves do not unite

with each other. There are cartilaginous tips on the medial end which

may be separate epipubes. The lower end of the ilium also separates

as a distinct bone.

It is interesting to note that the pelvis of Dinosaurs has the ilium

arranged quite similar to that in birds. The sacrum also is somewhat
similar, due, apparently, to the upright position in which these animals

walked. The ischia are elongated, extending backward, and often unite

below, while the pubic bones extend forward and downward, and have

strong post-pubic processes running parallel to the ischium, while often

the ilium gives oiT an iliac spine near the acetabulum.

The Pteryodactyls also had elongated ilia similar tO' the Dinosaurs.

The ischium was then fused with the ilium so that the pubis took no

part in the forming of the acetabulum. The pelvic opening was very

small.

In birds of the present time, the pelvic bones are fused, the ilium is

quite long, and usually fused with the synsacrum, while the ischium and

pubis extend backward. The pubes lie in the position of the postpubes

of Dinosaurs and never meet below, except in ostriches. However, in

the embryo, the pubes run forward only to gain their final position later

on. There is a pectineal process which arises in the acetabular region

and extends forward quite like the pubis in Dinosaurs. In the mammals,
the obturator foramen and ischio-pubic fenestra are united ; all three

pelvic bones unite to form the acetabulum, although the ilium and

ischium may extend in such a manner as to exclude the pubis from
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taking part in the formation of the fossa. Often an acetabular or cotyloid

bone is formed between the ilium and pubic bones, and this may fuse

with any of the bones with which it comes in contact.

The inter-pubic cartilage in marsupials and monotremes may or

may not persist throughout adult life. When it disappears and the bones
unite solidly, but do not definitely ankylose, such union is called a

symphysis.

In these non-placental mammals (the marsupial and monotremes
just mentioned) there are also marsupial bones which first form in car-

tilage and then extend forward from each pubis in the ventral abdominal
wall. Their homology is unknown.

THE FREE APPENDAGES

In those animals, such as fishes living entirely in the water, the

appendages are called ichthyopterygia. These are always paired fins.

When definite legs or arms are formed, as in all classes of tetrapoda,

such limbs and their modifications are known as chiropterygia. It is

commonly supposed that the limbs have developed from the fins,

although no one has yet been able to explain the method by which it came
about. All explanations, however, assume that certain parts of primitive

fins were retained and others likely modified, or, that certain parts were
lost, which were originally present, the remaining parts then becoming
modified. The lower ganoids have a primitive form of fin, but with
increasing complexity, there is a reduction of the basalia either by entire

disappearance or by fusion. The remaining ones are then modified so
that, in elasmobranchs of the present time, we find the basalia usually
number three in the pectoral and two in the pelvic fins, being named
from before, backwards, as the pro-, meso-, and meta-pterygium (Fig.

416). The middle one is absent in the hind limbs. The radiales are
jointed transversely so as to give more flexibility. If these are arranged
entirely on one side of the basalia, they are called uniserial, but, if they
occur also on the post-axial side, they are called biserial. The male
elasmobranch has the pelvic fin divided into two lobes, the medial being
called the clasper, or mixipterygium.

The anterior portion of the pectoral fin may develop as a strong
defensive spine, sometimes connected with the poison gland. In eels the
pelvic fin is lacking.

THE LIMBS

The legs (chiropterygia) of all tetrapoda are essentially alike (Fig.

420). Each consists of several regions, comparable in detail with each
other. The proximal is the upper arm (brachium), or thigh (femur),
containing a single bone ; the humerus, or femur, in the fore or hind limb
respectively. The next region, the forearm (antebrachium) , or shank,
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Fig. 420.—Comparisons of fore-limbs and hind-limbs.

1. Wing of a dove; c, carpals; h, humerus; mc, carpo-
metacarpus; p.f-, primary feathers; r., radius; s.f., secondary
feathers; u., ulna.

e.i -^

•-t ^^ ^ ,..v .

A, and B.—The fore-limb and hind-limb of a bird compared.
H., Humerus; R., radius; U., ulna; r., radiale; u., ulnare; C, distal carpals

united to carpo-metacarpus; CC, the whole carpal region; MCI., metacarpal of the
thumb; 1., phalanx of the thumb; MCII., second metacarpus; //., second digit;

MC.III., third metacarpus; III., third digit. F., femur; T.T., tibio-tarsus; Fi.,

•fibula; Pt., proximal tarsals united to lower end of tibia; dt., distal tarsals united
to upper end of metatarsus, forming a tarso-metotarsus {T.MT.); T., entire tarsal

region; MT.I., first metatarsal, _ free; I. -IV., toes.

C, D, E, F, G.—Anterior limb of man, dog, hog, sheep, and horse; Sc, Shoulder-
blade; c, coracoid; a, b, bones of forearm; 5, bones of the wrist; 6, bones of the
hand; 7, bones of the fingers.

H, I, J, K, L.—Posterior limb of man, monkey, dog, sheep, and horse: 1, Hip-
joint; 2, thigh bone; 3, knee-joint;" 4, bones of leg; 5, ankle-joint; 6, bones of foot;

7, bones of toes. (A, B, after Thomson, C to L, after Le Conte.)

(crus) contains two bones, a radius, or tibia, on the pre-axial, and an

ulna, or fibula, on the postaxial side. Next follows the podium, or hand

(manus), in front and the foot (pes) behind, each consisting of three

portions. The basal podial region, the wrist (carpus), or ankle (tarsus),

consists of several small bones ; the second division (metapodium) is the

palm (metacarpus), or instep (metatarsus), and lastly come the fingers,

or toes (digits), each digit consisting of several bones, the phalanges.

These separate parts are included in the accompanying table, in which

the terms given to the separate elements of the wrist and ankle of man
are included.
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FORE LIMB (Arm)

Upper arm (Brachium)

r

Fore arm (Antebrachium)
^

Naviculare

(Scaphoid)

Lunatum

Triquetrum

Basi-

podium
Wrist

(Carpus)

Pisiforme

Multangulum

majus

Trapezium

Multangulum

minus

(Trapezoides)

Capitatum

Hamatimi

Palm
f

(Metapo- J

dium)
(^

Fingers (Phalanges)

HIND LIMB (Leg)

Humerus= Femur Thigh

Radius =^ Tibia

Ulna= Fibula

Radiale = Tibiale

Intermedium= Intermedium

Ulnare= Tibiale

Centralei + 2 = Centralei + 2

Carpale^— Tarsale^

Carpale^ = Tarsale-

Carpale"^ = Tarsale*^

C
Carpale*= Tarsale'*

[ Carpale^= Tarsale^

Metacarpale^"" = Metatarsale^

Digitsi-'^=Digitsi-"5

1 Shank

^
(Crus)

Astragalus

(Talus)

Calcaneus

Naviculare

pedis

(Scaphoid)
Basi-

podium
Ankle

(Tarsus)

Cuneiformi

Cuneiform^

Cuneiform^

Cuboides

(Metapo-

dium)

„ Instep

(Phalanges) Toes

The basal podial region, which is nearly typical in some reptiles,

urodeles (Fig. 421) and man, consists of three rows of bones: a proximal

of three bones ; a radiale, or tibiale, on the anterior side ; an ulnare, or

fibulare, on the other ; and an intermedium (not shown in the figure)

between them. The distal row now consists of five carpales, or tarsales,

numbered from the anterior side.

The third row is composed of one or two centrales between the other

rows. The metapodials (Metacarpals and Metatarsals) and the digits,

also numbered from one to five, have in some cases special names. The
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thumb (digit 1) is the pollex, the corresponding great toe is the hallux,

while the fifth digit is called minimus, the second finger in the hand the

index, and the fourth the annulus.

From this typical condition all forms of chiropterygia—legs, arms,
wings—are derived by modification, fusion, or disappearance of parts.

Fig. 421. -The skeleton of the hind-limb of a frog-tadpole compared with the
left fore- and hind-feet of a rabbit.

A, fore-foot of rabbit; B, hind-foot of rabbit; C, hind-limb of frog-
tadpole shortly before metamorphosis.

In A and B:
a, Astragalus; c.\, first distal carpal or trapezium; c.2, second

distal carpal or trapezoid; c.3, third distal carpal or os magnum; c.4,5,

fused fourth and fifth distal carpals or unciform; ce., centrale; ce^.,

centrale oi hind-foot or navicular; cm., fibulare or calcaneus; im.,
intermedium or semilunar, mc, metacarpals; met., metatarsals; ph.,
phalanges; ra., lower end of radius with its epiphysis; r.c, radiale or
scaphoid; t.2, second distal tarsal or mesocuneiform; t.Z, third distal
tarsal or ectocuneiform; t.A, 5, fused fourth and fifth distal tarsals or
cuboid; u.c, ulnare or cuneiform; uL, lower end of ulnar with its

epiphysis; I.-V., digits. (From Borradaile.)
In C:

centr., centralis; cl.calc,
_

cartilaginous calcaneous ligament;
c.l.tars.s., supplementary cartilaginous tarsal ligament; c.ses., sesamoid
cartilage; F, fibula; fib, fibulare; pr.h., prehallux; ses, sesamoid bone;
T, tibia; t.ach., tendon of Achilles; tars, II and ///, second and third
tarsals; tib, tibiale; I-V, phalanges. (After Tschernoff.)

The more distal a part is, the more variable it is ; reduction takes place

on the margins of the appendage, the axial portions being the last to

disappear. Occasionally, in various groups (amphibia, mammals) there

occur what are interpreted as rudimentary additional digits—prehallux,

prepollex, and postminimus—but their status is uncertain. There are

also certain membrane-bones developed in the appendages, such as the

patella (knee-cap) in some reptiles, birds, and many mammals, in the

tendon that passes over the knee joint ; the fabellae in the angle of the

knee of a few mammals, and the pisiforme in the carpus of man and
some other mammals.
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We have already seen that in the frog the radius and ulna, as well

as the tibia and fibula, are fused together while the tarsals are consider-

ably elongated. Such fusion is not uncommon in many animals. The
extent of fusion varies, however, considerably. In the reptile limb there

is an intratarsal joint so that the motion of the foot upon the leg lies

between the two rows of tarsal bones, instead of between the tarsals and

the bones of the shank. This is quite similar to the condition in birds.

Although limbs are lacking in the snakes and in some of the lizards,

nevertheless, there is a considerable increase in the number of phalanges

in those reptiles where limbs do occur, while the more proximal bones

shorten. In some of the ichthyosaurs there may be as many as a hun-

dred phalanges in a single digit.

The skeleton of pterydactyls shows the fifth digit greatly developed,

which forms a definite support for the wings, while the other digits

remain more or less normal. In birds the wings are considerably modi-

fied (Fig. 420) although the structure is practically normal up to the

region of the carpus. The carpal bones are greatly reduced by fusion,

while the metacarpals and digits, no matter what their modification, are

only three in number.
Embryological studies of the chick show us that, although the first

digit begins to develop, it is entirely lost, and the fifth metacarpal, which

is present in the embryo, fuses early with the fourth, so that the digital

formula is II, III, IV. Then, too, there is an extensive fusion of the

bones of the tarsus and foot; the ankle joint is intratarsal, the basal

row of tarsal bones fuses with the tibia, while the fibula is considerably

reduced to form the tibio-tarsus. The tarsales unite in the same way
with the fused metatarsals to form the tarso-metatarsus.

There are hardly ever more than four toes, but the number of

phalanges increases from two in digit II, to five in digit V. Ostriches

only have two toes, and many other birds three. In the mammals,
especially in the higher forms, there is considerable motion of both hand
and foot ; rotation in the hand is especially noticeable by the motion
of the lower end of the radius around the ulna. In the whales the basal

part of the forelimb is greatly shortened, while there is considerable

multiplication of the phalanges. The hind limb is entirely lacking in

some whales, while in others there are two vestigial bones, supposed to

be the femur and tibia, imbedded in the muscles of the trunk.

A supra- or entepicondylar foramen frequently perforates the inner

lower end of the mammalian humerus while in many forms the ulna is

fused with the radius in varying degrees. However, the ulna, whether
fused or not. always has on its proximal end a strong olecranon process

which extends beyond the elbow joint for the attachment of the extensor

muscles of the forearm.

The earliest prominences for the attachments of the muscles on the

femur are known as trochanters. They vary from one to three. The
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Fig. 422.

Cyclostomes, as exemplified by the marine lamprey, (Petromyson marinus),
from 60 cm. to 1 m. long, of European, West African, and North American waters,
which goes up stream of the river in spring to lay eggs in the calm waters, and
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patella, or knee-cap bone, is analogous to the olecranon process, though

it never joins the other bones.

The ankle joint in mammals is never intratarsal, but always between

tarsal and crural bones.

Where the bones of the foot rest on the ground as in man and in

the bear, such a foot is known as plantigrade. Where the toe of the

foot includes only the distal phalanges such as in the dog and the cat,

comes down again toward the sea in autumn; and the Planarian Lamprey,
{Petromyzon planari), from 20 to 30 cm. long which inhabits the calm waters

entirely, and is commonly found in rivers.

Fig. 1. A lamprey {Petromyson planari) with its mouth fixed to a rock. Pg.,

Genital papillae.

Fig. 2. Anterior part of the body of Petromyson marinus, showing the seven

branchial openings and the buccal cupping glass surrounded by little papillae. The
olfactory opening lies in front of the eye.

Fig. 3. Section through the anterior region of Petromyzon marinus. The sec-

tion, slightly oblique, is nearly sagittal toward the front; it deviates dorsad and
downward in order to take in the last of the left branchial sacs; r;&., buccal cupping
glass; ca., ringed cartilage carrying the principal teeth; cf., cartilaginous pieces of

the face; /, lingual sucker, (the posterior part of the sucker has not been taken into

the section), is shown surrounded by its sheath; ml., muscles of the lingual sucker;

ph., pharynx; oe., oesophagus; m.oe., sphincter closing the entrance of the oesopha-

gus; a.br., branchial aqueduct, showing the seven openings to the branchial sacs;

va, valvular apparatus closing the entrance to the aqueduct; br.^-br.,, branchial

pockets continuing into the coelomic peribranchial cavities, the one being separated
from the other by septa; C, heart; the auricle has been raised partly to show the

openings by which it communicates with (1) the ventricle, (2) with the sinus
venosus, sv., as one sees them both from behind; vc, entrance of the cardinal veins
into the sinus; ;., jugular vein; vh., hepatic vein; tao., aortic trunk, with the

conus arteriosus and its valvular apparatus at the base of the trunk; ao., aortic

roots, reuniting on a level with the fifth branchial opening to form the aorta; n.,

nostril; sh., bottom of the hypophysial sac with a valvular sac lying before it; cer.,

brain; rn., medulla; cd., dorsal cord; /., liver; ov., ovary; p., posterior cul-de-sac of
the branchial enclosure which protects the pericardium.

Fig. 4. Mouth of the Marine Lamprey, de., teeth of the head of the lingual
sucker; di., lower median tooth; ap., principal lateral teeth grouped in twos; da.,

accessory teeth; ph., sensory papillae of the buccal lip; os., cutaneous sensory
organs.

Fig. 5. Anterior region of the skeleton; ca., ringed cartilage carrying the
principal teeth; d., cf., cartilaginous parts of the face; cr., brain box; /., lingual
cartilage; oL, olfactory capsule; cd., dorsal cord; an., the two neural arches, anterior
and posterior, of the same metamere; cbr., branchial enclosure; a, cartilaginous
rings surrounding the opening of the external gills; p, posterior cul-de-sac of the
branchial enclosure; holding the heart (after Parker); the left half only of the
skeleton is represented.

Fig. 6. Section of a horny tooth (odontoid) of lamprey; ep., buccal epithelium;
Pa., dermal papillae; D, tooth in use; d, replacing tooth, in process of develop-
ment;^, horn producing cellules. (After Warren.)

Fig. 7. Sagittal section of the Pineal Eye: ep., epidermis; de., dermis; op.,
pineal eye; np., pineal nerve; pp., parapineal eye; ha., commissure and habenular
ganglion; ch, chorioid curtain and lamella concealing the mesencephalon; ca., anterior
commissure; on the walls of the thalamencephalon; cp., posterior commissure; cr.,
cranial cartilage. (After Studnicka.)

Fig. 8, Section of a branchial pocket, passing through internal and external
openings. (By reason of the situation of these two openings, the section of the
left side of the figure is practically on a plane which places the face to the observer
and forms an angle of 45° with the median plane of the animal; the rest of the
section, which is only drawn in, is entirely transverse, and therefore seems short-
ened), cd, dorsal cord; an, neural arch; m, section of the medulla; g, fatty tissue
completing the padding of the neural canal; oe, oesophagus and beneath, the aorta;
abr, branchial aqueduct; t.ao., aortic trunk; /, lingual cartilage and its muscular
sheath; ;, jugular vein; cae, appendages of the general cavity; cbr., section of the
divers pieces of the branchial enclosure; o, internal branchial orifice at the interior
of the pocket; o\ external branchial opening, with its threefold valves and cartilag-
inous ring; a.br., wall of the branchial pocket; fbd., branchial leaves; par., peri-
branchial cavity slightly taken in section; mu, muscles.

(1) Vignettes of the title: Scheme of the respiratory apparatus of two cyclos-
tomes seen from the ventral surface: the oesophagus and the respiratory sacs
of the left side (G) only are represented; the horizontal flesh is turned toward the
caudal end of the animal; the oesophageo-cutaneous canal, which exists only on the
left side is figured in discontinued tracts. To the left the respiratory apparatus of
Myxine is seen (six branchial pockets with efferent canals running to a single
opening) to the right, the respiratory apparatus of Bdellostoma polytrema (10-14
branchial pockets). (After Dean in Goodrich.) (From the chart of Remy Perrier
& Cepede.)
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it is called a digitigrade foot, while, if the animal, such as the horse or

cow, walks upon hoofs which are homologous to the nails on the hands

and feet of higher foims, such a foot is called an unguligrade foot.

There may be variations and fusions in all these animals. For

example, in the horse, it is only the third digit which persists in a func-

tional condition.

SUMMARY OF THE CRANIUM

CYCLOSTOMATA

The cranium lies entirely beneath the brain and forms neither side

nor roof for the latter (Fig. 422). The cranial cartilages are sometimes

said to be homologous with those of the embryonic fish skull.

DOGFISH

The investing bones are closely applied to the roof and floor of the

chondrocranium and modify its form considerably by projecting beyond

the cartilaginous part so that apertures and cavities are concealed (Fig.

40/). The large frontals, which cover the greater part of the roof of the

skull, conceal the fontanelles and furnish roofs to the orbits. Immediately

behind the frontals is a pair of very small parietals; in front of them
is an unpaired supra-ethmoid to the sides of which are attached a pair

of small nasals. On the ventral surface is the large parasphenoid which

forms a kind of clamp to the whole cartilaginous skull-floor ; and in front

of, and below, the parasphenoid is the toothed vomer. Encircling the

orbit is a ring of scale-like bones, the sub-orbitals.

PISCES

The fish skull (Fig. 409) is covered above and below by numerous
dermal investment bones which are much like those of the primitive

extinct amphibia Stegocephali. By boiling, all the investment bones

are loosened and, when removed, a chondrocranium like that of the dog-

fish is seen.

In fishes there are primary and secondary structures in the jaw as

in the cranium. The primary upper jaw (palatoquadrate) is considered

homologous with the upper jaw of the dogfish. It does not, however,

remain cartilaginous but is ossified by five replacing bones : the toothed

palatine in front which articulates with the olfactory capsule; the ptery-

goid on the' ventral edge; the mesopterygoids on the dorsal edge of the

original cartilaginous bar, and the quadrate at the posterior end of the

latter. These bones do not enter into the gap and, consequently, do not

constitute the actual upper jaw of the adult fish. External to them are

two large investing bones, the premaxilla and the mnxilla, which

together, form the actual or secondary upper jaw. They both bear teeth.
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A small scale-like bone, the jugal, is attached to the posterior end of

the maxilla.

Ihe lower jaw is quite similarly modified. The articulare articu-

lates with the quadrate and is contmued forward by a narrow pointed

rod of cartilage which is really the unossified distal end of the primary

Meckel's cartilage (the primary lower jaw). The articulare is the ossi-

fied proximal end ; therefore, a replacing bone. Then there is a large

toothed investing bone which ensheaths Meckel's cartilage and forms

the main part of the secondary lower jaw. This is the dentary. There

is aiso a small investing bone, the angular, which is attached to the

lower and hinder end of the articulare.

The upper jaw connects with the cranium partly by the articulation

of the palatine with the olfactory region and partly by means of a sus-

pensorium. formed of two bones separated by a cartilaginous interval.

The larger, usually called the hyomandibular, articulates with the audi-

tory capsule by a facet, and the small pointed symplectic fits into a

groove in the quadrate. Both bones are attached by fibrous tissue to the

quadrate and metapterygoid, so that in this way the suspensorium and
palatoquadrate together form an inverted arch which articulates freely

in front with the olfactory and behind with the auditory capsule. This
gives rise to an extremely mobile upper jaw.

The chondrocranium is a solid one-piece capsule which completely

encloses the brain and the principal sense organs. The cranium proper
is fused with paired nasal capsules and paired auditory capsules.

Closely associated with the skull, but not fused with it, is the man-
dibular skeleton, consisting of an upper jaw (pterygoquadrate cartilages)

and a lower jaw (Meckel's Cartilage). Back of the jaw are the visceral

arches. These are composed of upper and lower parts like the jaws.
The first pair is specialized as the hyoid arch, the five others are the
more generalized branchial arches that afiford support for the gills.

AMPHIBIA

The skull (Fig. 410) articulates with the atlas by two condyles
which are formed by the exoccipitals. There is an auditory columellar
apparatus fitting into the fenestra ovalis.

AVES

The skull (Fig. 412) is rounded, has large orbits, and the facial

bones are extended out upon the beak. The quadrate is movable and
articulates with the squamosal. There is a single occipital condyle.
There are no teeth in modern forms. The cervical vertebrae have pad-
dle-shaped articular surfaces which give the neck great flexibiHty and
thus make the beak a very versatile instrument.
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REPTILIA

The special features in the turtle skull (Figs. 411, 413) are these:

Teeth are absent; the maxillary, premaxillary, and dentary bones are

covered w^ith hard, chitinous sheaths which form the upper and lower

members of the cutting beak; the vomer is a single unpaired median

bone, and there are no lachrymals or ectopterygoids. The pterygoids

send wings of bone inward. The wings and the palatines form a con-

tinuous roof of the mouth ; the supraoccipital is prolonged backward

into a large, narrow process upon which are inserted the heavy neck

muscles. All of these bones, even the quadrate, are firmly united into

a solid cranium. There is only one occipital condyle.

MAMMALIA

The skull of the mammal (Figs. 413, 414) is more compact than that

of lower forms ; consequently, it contains fewer elements than the skull

of reptiles. The following reptilian bones are not found in the adult

mammalian cranium : pre- and post-orbitals, pre- and post-frontals,

basi-pterygoids, quadrato-jugals, and supra temporals. The lower jaw

is reduced to a single pair of bones in the mammal, the angulare, splenial,

and articulare being absent. The latter bone is often said to have been

drawn in to form the malleus of the ear bonelets, the quadrate has been

drawn in to form the incus bonelet, while a remnant of the hyomandibu-

lar cartilage forms the stapes. The whalebone whale (baleen whale.

Fig. 392), shows the highest type of the so-called adaptive specialization

among mammals. Here the teeth are rudimentary and functionless

though present in the young. In the adult, they are replaced by baleen.

The nostrils are paired, the skull symmetrical, the sternum is single,

while the ribs are one-headed and articulate only with the transverse

processes of the vertebrae.

SUMMARY OF THE SKELETAL SYSTEM

THE DOGFISH

The vertebrae develop at the intersection of the myosepta with the

mesenchyme that surrounds the notochord and neural tube. Each indi-

vidual vertebra is formed by the union of the two caudal halves of the

two sclerotomes of one segment with the cephalic halves of the two
sclerotomes of the next succeeding segment (Fig. 305). The vertebrae

therefore alternate with the myotomes.

As the vertebrae and ribs are first formed in cartilage produced by
the activity of mesenchyme, so also, bones which form later are true

cartilage bones. In the elasmobranchs, the entire skeleton is made up
of cartilage with only a slight impregnation of calcareous matter.

Each vertebra begins as four pair of cartilages (called arcualia)
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which surround the notochord. Dorsally these are an anterior pair of

basidorsals and a posterior pair of interdorsals. Ventrally there is an

anterior pair of basiventrals and a posterior pair of interventrals.

In some fish and in extinct Amphibia and reptiles, these cartilages

remain more or less separate. In most vertebrates, however, parts are

lost, while the remaining portions fuse together to form a single vertebra

which is then composed of a centrum (which encloses the notochord)
;

a dorsally directed neural arch (which encloses the spinal cord) ; and a

haemal arch (enclosing the blood vessels). (Figs. 352, 404.)

The neural arch is made up of the fused basidorsals and the haemal

arch of the fused basiventrals, while the centrum develops from varying

parts in diilerent groups of animals.

In the elasmobranchs, the centrum is formed within the notochordal

sheath. Thus is formed a chorda! centrum as contradistinguished from

that of nearly all other vertebrates where the centra are produced by the

fusion of certain arcualia to form a perichordal or arch centrum.

There are two kinds of ribs : those which arise at the intersection

of the myosepta with the horizontal skeletogenous septum (true or

intermuscular ribs), (Fig. 423, q), and those which arise at the inter-

Fig. 423.—Diagram to show the skeleton-forming septa in the trunk region of a
vertebrate.

a, skin; b, neural tube; c, notochord; d, blood vessel; e, dorsal skeletogenous
septum; /, ventral skeletogenous septum; g, horizontal skeletogenous septum; h,
myoseptum; i, epaxial part of the myotome; /, hypaxial part of the myotome; k,
coelom; I, intestine; m-p, cartilages from which the vertebrae are formed; tn, basi-
dorsal; n, interventral; o, basiventral; p, interdorsal; q, intermuscular rib; r, sub-
peritoneal rib. Note the positions of the vertebral cartilages and ribs with respect
to the skeletogenous septa (From Hyman after Goodrich.)

section of the myosepta with the ventral skeletogenous septum or its

derivatives (false or subperitoneal ribs), (Fig. 423, r). Teleosts develop
the latter type, while all other vertebrates develop true ribs.

Some fishes (such as trout, salmon, herring and polypterus), how-
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ever, develop both types of ribs and even additional ones at various

levels of the myosepta.

The veitebrae are connected with each other by a strand of noto-

chordal tissue that perforates all the vertebrae like the string through

a chain of beads.

The fins have ray-like supports of cartilage, and the pectoral and
pelvic limb-skeletons are supported upon simple horseshoe-shaped pec-

toral and pelvic girdles, each composed of a single piece of cartilage.

AMPHIBIA

A short cervical and sacral region appear in Amphibia, the cervical

becoming longer in the higher forms of vertebrates. The pelvic girdle

lies free in fishes, but in all other vertebrates it is immovably attached to

the sacrum. Three fingers develop early in the amphibian foot although

a fourth appears quite late in development (Fig. 421). This fourth finger

lies w^ell dov/n on the ulnar side of the hand. Then a rudiment of the

fifth (the little finger) appears as a mere bump. The thumb, index, and

second finger, therefore, seem to be phylogenetically the oldest digits.

This is important in connection with the loss of fingers in other verte-

brates, as the last to develop is usually the first to be lost. In the amphi-

bian we find feet instead of fins. This brings a change in the type

of movements in the animal, for with fins, an animal can only paddle

backwards and forwards. The muscles are, therefore, decidedly differ-

ent, and nearly all trace of the segmental arrangement in them is lost.

Animals which live on land are relatively heavier than those which live

in water, so there is need of a much more rigid axial skeleton as well as

stronger limb girdles, and limb skeleton. This condition is brought

about by a more complete ossification of the parts of the skeleton that

bear the most weig^ht. Exoskeleton parts also tend to disappear so that

in modern amphibia the exoskeleton is entirely absent with the excep-

tion of the Caecilians where it is rudimentary. In the Stegocephaliins

there is a head armor while the exoskeleton is lacking on the rest of the

body. The sternum first appears in amphibia.

REPTILIA

In reptiles, birds and mammals the cervical region is longer than

that of the Amphibia and the trunk region is divided into an anterior

thoracic region with long ribs and a more caudal lumbar region with

short ribs or with none.

In all vertebrates, rudimentary ribs are usually found on the cervical

and sacral vertebrae when these regions are present.

Fossil remains show that there were many more plates and scutes

on the turtles of the past than on those of the present. Both longitudinal

and transverse rows of elements have disappeared so that the whole
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system is now greatly simplified. Most species of turtles today show a

certain percentage of individuals with supernumerary scutes and plates.

(Fig. 424.)

^qulars.

Fig. 424. Various plastra and their horny shields.

1, Testudo ibera; 2, Macroclemmys temmincki; 3, Cinosternum odoratum;
4, Sternothaerus nigricans; 5, Chelodina longicollis ; 6, Chelone mydas. a or
an, anal shield; abd, abdominal shield; / or fern, femoral; g or gul, gular,
unpaired in 3; h or hum, humeral shield; i or int.g, intergular; im, infra-
marginals; nt, marginals; p or pect, pectoral; x (in 1), inguinal shield consti-

tuting with the axillary xx, the last trace of inframarginals. (After Gadow.)

In the trunk region the vertebrae are rigidly united to the narrow,

padd^e-like ribs (Fig. 425). There are eight cervical, ten thoracic, two
sacral, and a variable number of caudal vertebrae, which are procoelous

in form (Fig. 404). A peculiarity of the turtle is that both pectoral

and pelvic girdles are inside, instead of outside, the ribs. Tliey actually

arise from primordia internal to the ribs so it is not a case of migration.

No one has yet been able to give a satisfactory explanation of this fact.

The pectoral girdle (Figs. 416, 417) is made up of a triradiate group
of flattened bones : the scapula, the procoracoid, and the coracoid, the

last being the largest. These three bones unite to form a socket which
receives the head of the humerus. The pelvic arch is more compact. It

consists of pubis, ischium, and ilium, which unite to form the acetabulum
for the head of the femur. Membrane bones are never found in the pelvic

girdle of any animal.

AVES

The sternum is keeled (Figs. 416. 4^8), except in such birds as the

ostrich, and the ribs have uncinate processes (Fig. 418, B, u.p.) except in

Screamers (members of the family Palamedeidae). The trunk vertebrae
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Fig. 425.

A. Diagrammatic transverse section through the shell of Testudo. The horny
shields have been removed from the right side. On the left side one can see the
neural, costal, marginal, and pectoral shields. The bony dermal plates are dotted.
Cap, capitular portion of rib; Sp.C, position of spinal cord.

B. Vertical section through part of the shell, magnified and diagrammatic.
B, Bony layer of cutis; L, leathery layer of the cutis; M, cells of the Malpighian
layer; P, star-shaped pigment-cells; Sc, stratum corneum composing the horny
shields.

C. Diagram of skeleton of Testudo elephantopus, after removal of the left half
of the carapace. The plastron is indicated by a section through the middle line.

F^, femur, foreshortened; Fi, fibula; H, humerus; //, ilium; Is, ischium; P.P.,
pubis; R, radius; Scap, scapula; Tb, tibia; u, ulna; 3, third cervical vertebra; 1,

3, 5, first, third and fifth fingers; XIII, thirteenth (fifth thoracic) vertebra. (After
Gadow.)

are mostly fused. There are three or four pre-caudal vertebrae with

terminal pygostyle (Fig. 418), two cervical, and three to nine thoracic

ribs, the latter attached to the sternum. The pectoral girdle is made up
of paired, blade-like scapulae, paired coracoids which unite with the

sternum, and three clavicles fused in the middle to form the "wishbone"
or furcula. The pelvic girdle is a solid bone, composed of the fused

ischia, ilia, and pubes. The pelvis is firmly fused with the sacral verte-

brae. The leg skeleton consists of a large femur, a slender fibula, and a

long, stout tibiotarsus, made up of the fused tibia and proximal tarsal

bones ; the ankle joint is between the tibio-tarsus and the tarso-meta-

tarsus.

The foot has four digits of which the hallux usually is directed

backward.
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MAMMALIA
The coracoid portion of the pectoral girdle (Fig. 416) is reduced

to a small coracoid process in all placentals while the scapula of all

mammals possesses a spinous process.

There are usually paired clavicles and a median unpaired interclav-

icle in all land mammals. These are membrane bones.



CHAPTER XXIII

THE DIGESTIVE SYSTEM

IT
will be remembered that all multicellular animals pass through a

blastula stage, consisting of a hollow sphere composed of a single

layer of cells, which then indents to form a gastrula.

This means that there are now two layers of cells where there was
only one before. The outer layer is called the ectoderm and the inner

the endoderm. The indented end closes up, leaving a hollow tube com-
posed entirely of endoderm in the center, which, due to its being used

for other purposes than the ectoderm, and lying within the body, under-

goes totally different experiences than does the outer part of the body,

and these different experiences modify its structure. This hollow tube

is the primitive digestive tract. It will thus be seen that the digestive

apparatus is the very first one of the various systems of an organism

to differentiate.

This distinctive cavity is called the gastrocoele. In the lower inver-

tebrates, this gastrocoele remains as a blind cavity with but a single

opening. It is among the worms that it first becomes converted into a

complete canal by the formation of an anal opening. In animals up to

this stage, the same opening serves both for ingestion and egestion.

What is considered a distinct advance in the development of multi-

cellular animals is the development of a coelom, or body cavity, lying

between the digestive tract just mentioned, and the body wall. Up to

the time this coelom has developed, the body of the animal consists of a

single tube and its wall. But after the coelom has developed, there is

established a secondary open space between the hollow digestive tube

and the body wall.

The coelom is developed by protrusions, or diverticula, pushing off

from the original digestive tube (Fig. 426). This means that the diges-

tive canal of the higher animals only represents a portion of the digestive

system of lower animals.

Another departure from the lower organisms consists in the fact

that the mouth and anal opening are not developed in the same way in

the vertebrates as they are in the lower forms of animals.

In the lower forms, after gastrulation, the indented end remains

open, thus serving as both mouth and anal opening at the same time.

In the higher forms, however, this indented end closes so that there is

a completely closed hollow tube composed of endoderm on the inside of

the body. To form the rnouth and anal opening, a new indentation at

both the cephalic and caudal ends takes place.



Digestive System 299

This indentation, coming from the outer layer of the body, means
that mouth and anus are composed of ectoderm and not endoderm as is

the central digestive tube. After the indentation has gone far enough,

the thin plate of cells separating the central digestive tube from the

mouth and anus breaks through, so that a continuous opening is formed

from the mouth through the digestive canal to the anal opening.

All the additional structures that go to make up the digestive system

as well as the respiratory system are formed by inpushings or outpush-

&J

Fig. 426.

I. Diagrams to show method of outpushings in digestive tract. A, 6 mm. pig

embryo; B, same at 8 mm.; C, same at 10 mm. t, trachea; e, oesophagus; s,

stomach; /, liver; d.p., dorsal pancreas; v. p., ventral pancreas; s.i., small intestine;

l.i., large intestine; c, caecum; v.d., vitelline duct. (From Carey, Journal of General
Physiology. Vol. III. No. 1.)

II. Three schematic views of variations in the ducts leading from the gall-

bladder, c and s, cystic duct; ch, ductus choledochus; h, hepatic duct; he, hepato-
cystic duct; he, hepato-enteric duct; vf, gall-bladder. (From Schimkewitsch after
Wiedersheim.)

III. A diagrammatic section of the cloaca of a male bird. (After Gadow.)
cd., Upper region of cloaca into which rectum opens; ud., median region into which
ureter (m.) and vas deferens (vd.) open from each side; pd., posterior region into
which the bursa Fabricii (B.F.) opens.

ings (Fig. 426) of this elementary digestive tract. It will be necessary

to remember in one's study of all the higher forms, that no matter how
many of these inpushings or outpushings there may develop, and no

matter how lengthy the digestive tube may grow and coil, if it be

straightened out, it will to all intents and purposes be a continuous hol-

low tube. The interior of this hollow tube is really outside the body
in so far as it is subject to all the external conditions to which the body
itself is subject. In other words, one may the better understand this

if a hollow gas pipe, open at both ends, is thought of. The hollow

straight opening, through which the eye can see, represents the digestive

canal. The metal of which the pipe is composed represents the walls

of the digestive tube. It can, therefore, easily be seen that any con-
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ditions, such as dust and moisture, that may be in the atmosphere sur-

rounding the outside of this pipe, will quite likely be found on the

inside also.

During the development of the nervous system there is a connection
between the lumen of the neural tube and the gastrular mouth so that

there is a temporary connection between the neural tube and the gas-

trocoele. This connection is called the neurenteric canal (Fig. 328, B,

ne.c). This connection, however, soon disappears so that the gastrocoele

is a closed sac with no opening whatever to the outside of the body until

the mouth and anal openings are pushed in from the ectoderm as already

mentioned.

Definite names are given to the various structures of the growing
embryo. The mouth opening is called the stomatodeum. The mid por-

tion connecting the mouth with the anal opening is called the mesodeum,
and the caudal part, which like the stomatodeum is ectodermic, is known
as the proctodeum.

This does not mean that, in every animal in which an ectodermal

mouth and anus has developed, the ectodermal structures take up the

same length of the digestive system. In the articulates (crustaceans,

insects, and spiders) the stomatodeum and proctodeum are much longer

and larger proportionately to the mesodeum than in the higher forms of

life ; in fact, in the vertebrates, the digestive canal is mainly mesodeal

and, therefore, endodermic. The mouth and anal regions composed of

ectoderm are but a small portion of the entire digestive system.

The jaws, teeth, and tongue, which will be taken up separately, do

not develop from the simple digestive tube which has just been de-

scribed; but the other parts of the digestive system, even the most

complicated ones, have come from this tube alone by a growing in

length, by enlargements of various kinds, by foldings, by outpushings,

and by inpushings. Not only have such complex organs as the liver

and spleen, thyroid and thymus glands, as well as many others, come

from this endodermal tube, but the entire breathing apparatus of

chordates has arisen from its cephalic end.

As some chordates, such as fishes, live in water, they require a

totally different type of breathing mechanism than those which live on

land. Still their branchial, or gill, system and the land living pulmonary

or lung system have in each case developed from the same simple diges-

tive tube. It must be remembered that this is only true of chordates.

Animals, not chordates, do not show such close relationship between the

digestive and respiratory systems.

The intestinal tract, if cut in cross section and examined micro-

scopically, will be found to consist of four layers of different types of
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cells. Starting from the inner layer we find them in the following order

(Fig. 291) :

mucosa

submucosa
( circular

muscularia •^, . ,. ,

( longitudmal

serosa

It is in the mucosa or the inner layer that the glands which produce
the digestive juices are found. Here, too, are a few scattered involuntary

muscle fibers and lymphatic vessels for carrying away the nutriment

after it has been changed into a condition so that it can be assimilated.

The submucosa is a thin layer of connective tissue supporting the

mucosa.

The muscular layer varies a good deal, but essentially it is composed
of two layers of involuntary muscle cells both circular and longitudinal,

the former lying toward the lumen.

The circular muscles, by contracting, lengthen the intestines, while

the contraction of the longitudinal muscles shorten and thicken them.

These two actions cause the peristaltic movement which occurs during

digestion, pushing the food forward and also permitting the various

folds and little finger-like projections, called villi, to come in contact

with all of the material that has been ingested.

In the higher forms, especially in the human being, there are some
thirty feet or more of small intestine as contrasted with three or four feet

of large. The reason for this can be understood quite readily when it is

appreciated that a two-inch water pipe holds four times as much as a

pipe one inch in diameter. The great mass of material that is ingested

is of no value whatever to the animal ingesting it unless such food can

be reduced to a more or less liquid state and be absorbed by the mucous
lining of the intestinal tract. Digestion, though beginning in the stom-

ach, really takes place in the small intestine. The smaller this intestine

is in diameter, therefore, and the more folds the mucosa has, the more
readily will the food, after it is sent through the digestive canal, be

likely to come in contact with the mucosa and be absorbed.

It is important to understand this as it will throw much light upon
various physiological functions of digestion, for, it will be seen that the

little finger-like villi must actually do the work of absorbing. That is,

after ingested material is ready for absorption, it does not pass by any

rule of gravity or mechanics into any definite opening; but these little

projections must actually reach out and drink in the necessary material.

As these little villi must in turn be kept in good condition and capable of

performing their functions by their nerve and blood supplies, it follows

that, where the nerve and blood supply is either weakened or lost, the

animal may die of starvation regardless of how much food it may ingest.
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Many glands are found in the mucosa. Some of the larger ones have

pushed their way further and further back so that they have not only

passed through the submucosa and muscularia, but have gone far beyond.

The liver and pancreas are good examples of those which have left the

lytic f^lof y^ytet.

PefTal i/e«>»

III.

Fig. 427.

I. Diagrams to sbow formation of greater omentum in mammals and the

fusion of the mesogaster and the mesocolon. A, early stage in which the mesogaster
is beginning to form a bag at g. B, the mesogaster is drawn posteriorly into a
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main digestive tract almost entirely but are still connected v^ith it by
small ducts.

The glands push their v^ay through both submucosa and muscularia

but, as they push against the serosa, this seems to stretch out ahead of

all these outpushings to form a covering for the outgrowths. This is

why, not only the liver and pancreas, but every organ in the abdominal
cavity is completely covered by this serous layer, which, when thought
of in its entirety, is called the peritoneum.

The kidneys form a single exception to the statement that all organs

in the abdominal cavity are completely covered by peritoneum. These
do not spring from the digestive tract, however, and will be discussed

later with the uro-genital system.

The entire digestive canal is covered with this serous layer. Figure

427 shows just how this develops and why it is that, while there is a

single layer of serosa over the ventral side of the intestinal tract, there

are two layers running dorsalward which are attached close to the ven-

tral portion of the spinal region to form the sustaining ligaments.

Probably this may be made more understandable if the student

places an ordinary sheet of paper on the desk before him and lays a

pencil at right angles to the long axis of the sheet. By picking up the

two ends of the paper so that the pencil is held within the fold, it will

be seen that under the pencil there is only one layer of paper but above

it there are two. The various outpushings of the intestinal tract push

the serosa before them just as the pencil does the paper in this case.

The two layers running dorsalward from the organ to form the

sustaining ligament, are called the mesentery. It is between the two

sheets of mesentery that the blood supply of the organ is carried.

If it be remembered that the digestive tract begins as a single tube,

approximately the same length as that of the body in which it grows,

and if the various elongations, outpushings, and inpushings are then

followed through the embryonic period, considerable light will be thrown

upon our understanding of the adult structure (Fig. 428).

One must, however, be wary in comparing diiTerent type-forms of

animals, as well as animals of the same species at different stages of their

development, or there will be little validity in the comparisons.

The first portions of the digestive tract to differentiate are the

long bag g which is the greater omentum; the mesogaster and mesocolon are fusing
at i. C, completion of the fusion of mesogaster and mesocolon at i. a, liver; h,

serosa of the liver; c, lesser omentum or gastro-hepato-duodenal ligament; d,

stomach; e, lesser peritoneal sac or cavity of the greater omentum; /, mesocolon;

g, portion of the mesogaster which forms the greater omentum; h, intestine; i,

fusion of the mesogaster and mesocolon. (From Hyman after Ilertwig.)
IT. Scheme of digestive canal and mesenteries in human embryos, 30 and 50

mm. long, ac, ascending colon; c, caecum; co, colon; d, duodenum; dc, descending
colon; k, kidney; r, rectum; rd, recto-duodenal ligament; rl, recto-leinal ligament;
rrd, recto duodenal recess; s, stomach; sp, spleen; tc, transverse colon. (From
Kingsley after Klaatsh.)

III. Transverse section of a salamander embryo in the region of the liver.

(Redrawn from Maurer.)
IV. Schematic arrangement to show the development of the omental bursa.

(After Corning.) P, Pancreas; Ao, Aorta; L.H.G., Hepatogastric ligament.



304 Comparative Anatomy

#:•#

lu

li

1)1-

al

Fig. 428.

Reconstruction of the diges-
tive canal of man. al, allantoic
stalk; cl, cloaca; g, glottis; h,

hyoid arch; li, liver; lu, lung;
md, nix, mandibular and maxil-
lary arches; n, nasal pit; o,

omphalomesenteric vein; s,

stomach; v, visceral arches vi,

vitelline stalk; w, Wolffian body.
(From Kingsley after His.)

pharynx and stomach. The former is a fun-

nel-shaped enlargement at the cephalic end
with several pairs of lateral diverticula called

the pharyngeal pouches. These pouches in

some animals break through to the outside

of the body to form slits (Fig. 295). The
stomach may be of many shapes and sizes

in the various animals. That portion of the

stomach which meets with the oesophagus (the

narrow tube connecting pharynx and stomach)

is known as the cardiac portion, while the

caudal opening of the stomach is called the

pylorus (Fig. 438). It will be found that this

pyloric end is rather thick and tough. There
is a valve here which closes so that the stom-

ach can be converted into a closed sac. A
rather thick short portion of the intestine im-

mediately caudal to the pylorus is known as

the duodenum. Then follows the small intes-

tine, varying in length in all the animals. It

ends in the large intestine, and this in turn

connects directly with the anal opening to the

exterior of the body or in a terminal enlarge-

ment which quite often receives the openings

of the urinary and reproductive systems before

connecting with the anal opening. In the lat-

ter case, the thickened portion of the large

intestine is called the cloaca! chamber or, sim-

ply, the cloaca. (Fig. 426, III.)

In fishes, amphibians, and sauropsida, the

cloaca is an important structure. In none of

the mammals, except the monotremes, does it

appear as a distinct organ,

diverticula of various shapes are thrown out

The lateral pharyngeal pouches have already

Various important

along the digestive tract,

been mentioned. In fishes one often finds quite numerous pyloric caeca.

In mammals at the beginning of the large intestine, where the small one

enters it, there are colic caeca. In man as well as in several other forms

of mammals, one of these little blind sacs is called the appendix vermi-

formis. In birds one finds cloaca! caeca.

DETAIL STUDY
The pharynx is that open portion behind the nose and mouth in

mammals which extends down to the voice box. From there downward
(including the voice box) the open portion is called the larynx.

There are two general types of mouth forms. The first is found in
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the great group of Cyclostomata (cycle mouths). There are no true

jaws (Fig. 422). The mouth is round and cannot be closed. Examples
of this form are the lampreys and hagfishes. This type of mouth is

called suctorial. The cyclostomata are the only vertebrate parasites

known. They attach themselves to a living fish and suck their way
directly through the muscles of the host.

The second type of mouth belongs to that group called the Gnathos-

tomata (jaw-mouths). This type of animal has movable bones or car-

tilaginous jaws and usually possesses teeth formed of dentine and under-

laid with enamel. The jaws are developed from one pair of visceral

arches. The teeth are quite similar to the placoid scales of certain fishes

which have been modified in various ways. There are two theories held

in regard to the Gnathostomata or jaw-mouth fishes. First, that the

mouth is like that of the cyclostomes, to which the gill arches with their

associated teeth have been added; and the second, that this jaw-mouth
is a new opening which originally consisted of a pair of gill-slits which
later became fused in the mid ventral line, the first mouth then being

lost. Probably the latter view has more supporters, because in the

selachians, where there is supposed to be a more primitive condition,

the jaw-mouth is not at the extreme cephalic end of the animal, but on
the ventral side with a long rostrum extending cephalad to it. Later,

in some of the ganoids, this jaw-mouth has a secondary position at the

very tip or terminal end.

The pharyngeal pockets develop from a row of outpushings meeting

a similar set of inpushings from- the outside (Fig. 295). If the point of

contact is broken through, as in fishes, such openings are called gill-slits.

These are four to eight in number, which permanently form a communi-
cation between the pharynx and the exterior to allow the escape of water

taken in by the mouth for use in breathing.

One or more of these slits appear in the early stages of amphibians

and in a few forms persist throughout life. In reptiles, birds, and mam-
mals, there are similar inpushings and outpushings during the embryonic

period, but only two or three contact-points ever form openings, and
then only for a short time. However, the most anterior of these which
appears in the selachians as the spiraculum or blow-hole, persists in all

higher vertebrates as the Eustachian tube and the greater part of the

middle ear. The other pouches disappear, although cartilages, muscles,

arteries, and glands arise in the embryo in connection with these

pouches.

Sometimes there is an arrested development so that an open com-
munication persists between the pharynx and the exterior of the jaw
either upon one or both sides. This is called a cervical fistula. It is

supposed to be a permanent gill-slit that for some mechanical or chemical

reason did not continue growing as it normally should have done.

The nasal cavities in fishes lie above the stomato-pharyngeal cavity
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and are unconnected therewith, while in amphibians (Fig.. 339) there

develops a pair of openings called the posterior-nares, or choanae, con-
necting these two. portions by openings in the roof of the mouth. This
communication is supposed to be one of the changes which was brought
about during the transition from a life of water to a life on land. It

allows the ingress and egress of air to the pharynx and then to the lungs
without opening the mouth. This action, although harmless for an ani-

mal living in water, would soon cause the drying up of the mucous mem-
brane lining the mouth cavity if resorted to in air with anywhere near
the same frequency. In the nasal cavities this is prevented at least in

part by the small size of the external openings, but still more by the

formation of slime glands which produce considerable secretion. Then,
too, the waste lacrimal fluid diverted from the eyes to the nose is, in all

probability, also of assistance in this respect.

There is a tendency in the pharynx to form diverticula in the median
line (Fig. 426), that is, there is here an expansion into large sacs or

reservoirs which may, or may not, remain in communication with the

pharynx itself. The air-bladders in fish are examples (Fig. 441). While
this air-bladder is usually a closed sac filled by gases extracted from
the blood, there are a few animals in which one finds a rather small

air-duct passing from these air-bladders to the pharynx. In fishes, where
this occurs, the animal comes to the surface of the water and makes a

snapping or swallowing movement. In the higher forms of animals this

develops into the pulmonary system, the lateral sacs being the lungs

and bronchia and the median duct, the trachea. The opening of the

trachea into the pharynx is called the glottis (Fig. 428), which together

with the various cartilages and muscles derived from the visceral system,

forms the larynx. While there are always two lungs in lung-breathing

animals, there is only one air-bladder in those forms of vertebrates which

are not lung breathing. Then, too, the air-sac, or air-bladder, is almost

always dorsal to the pharynx while the lungs lie ventral to it.

The flat plate of bone which forms the roof of the mouth and thus

separates the nasal cavities from it, is called the hard palate. The soft

cover of this bony plate which extends backward beyond the palate is

known as the soft palate or velum palati.

Just as one can easily see the sulcus in the median line imme-

diately under the nose, so, in looking into the mouth, a ridge will

be seen, which is formed right through the center of its roof. As the

human being, as well as all of the higher forms of animals, is bilat-

erally symmetrical, and as different portions of the jaw begin their

growth from distinctly separate centers, which then grow toward the

midline and unite, one can readily understand not only why a ridge is

formed on the roof of the mouth but also why there is a sulcus immedi-

ately below the nose on the outer upper lip. If, due to a mechanical or

chemical obstruction of some kind, the two lateral portions of palate or
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Fig. 429.

I. II, III, IV. Diagrams of developing

tooth. (After Hill.)

V, Section through the skin of an Elas-

upper lip do not meet, a harelip and

cleft palate result.

In some birds the two halves

of the palate never unite. In some

mammals, such as the cat and dog,

the two portions forming the upper

lip have not united as well as they

have in the human being, and, con-

sequently, a deep median groove

called the philtrum, remains. This

line can be seen to run along the

entire septum of the nose exter-

nally.

Next in order of study come the

teeth, tongue, tonsils, glands of the

mouth cavity, and glands of the

pharyngeal pockets.

TEETH
There are two types of teeth

which have no relationship to each

other in their origin. The true

teeth are akin to placoid scales

(Fig. 429). They arise by a calcar-

eous secretion at the junction where

ectoderm and mesenchyme meet

and are thus a product of both

layers.

The other type comes purely

and simply from the cuticle and is

formed by what is known as cornifi-

cation or hardening of the epi-

thelium (Fig. 422, 6). The parts

which have invaginated to form the

stomatodeum retain the capacity to

form hard structures; consequently,

any portion of the mouth-walls may

secrete scale substances. It is nec-

essary to appreciate this in order

to understand that in the different

type of fish and amphibia, teeth of

almost any number, size, and shape

mobranch sl-owinsr formation of a dermal

spine. Hig'ily magnified.

1. ITorny layer of ectoderm. 2. Mal-

pigVian layer. 3. Columnar cells of ecto-

derm secreting. 4. Enamel. 5. Dentine

(black). 6. Dentinal pulp. 7. Connective

tissue. (From Shipley and MacBride.)
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may be found wherever there is cartilage, or bone, to hold them. In the

higher forms of animals, in fact, in all the amniotes, v^ith the exception
of some squamata, teeth are found only on the margin of the jaws.

Turtles and all present forms of birds are toothless, though many extinct

birds, of which fossil remains have been found, did have teeth. It is

interesting to note that even in turtles and birds that have no teeth, the

dental ridge in which the teeth of toothed animals do develop, is never-

theless present in the embryonic stages, it being assumed that this is

proof of their descent from toothed ancestors.

It will be observed in Figure 429 that at first the ectoderm thickens.

The layer of ectodermal cells pushes downward into the mesenchyme.
The mesenchymal cells, then, by multiplying rapidly, push portions

of this ingrowing plate of cells back up and form a sort of finger-like

projection covered by the plate it has pushed before it. The mesen-
chymal finger-like projection forms the pulp of the tooth, while the plate

of cells which covers it becomes what is known as the enamel organ.

The pulp forms several layers of cells, the outer ones becoming odonto-

blasts, so called because it is from these that the bone-layer-substance

dentine or ivory of the tooth is formed. This latter substance is a secre-

tion from the ends of the odontoblasts and it is this which causes it to

be somewhat prismatic in form.

At the base of the enamel organ a denser substance, called enamel,

is secreted. This fits like a cap over the top and sides of the dentine.

The dentine continues to grow and forces the tooth up through the

epithelium so that the tip, or crown, then comes into position for use.

The nerve supply of the tooth comes from branches of the trigeminal or

fifth cranial nerve. Both nerves and blood vessels enter through the

base of the tooth. Usually, as soon as the teeth are fully formed, the

odontoblasts cease growing. However, there are exceptions to this

rule. The tusks of elephants and the incisors of rodents function through

life and, therefore, continue to grow.

In mammals an additional layer of modified bone, the cement, is

formed around the root of the tooth. It may even extend through the

crown. The teeth in the mouths of skates and some other elasmobranchs

are arranged very much like the scales on the surface of the jaw, that is,

in groups of five. In most of the vertebrates there is a succession of

teeth.

Some animals, such as the shark and turtle, continue to renew and

shed their teeth. Such teeth are called deciduous.

In mammals, a second set of teeth usually arises directly behind or

above an.d below the first set, so that the ends of the second set, which
are to force their way through the jaw, push against the roots of the

teeth which are already in use.

The group of first teeth formed in man is called the milk dentition.
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The second is known as the permanent dentition. In some mammals,
such as the monotremes, sirenians, and cetacea, there is only one
dentition; while in some groups there are an indefinite number of suc-

cessive dentitions. In such animals as guinea pigs, and in some bats,

the milk dentition is lost even before birth.

Practically all fishes with few exceptions have teeth, and these
extend not only to the lining bones of the mouth but, in some, even to the
hyoid and branchial arches. These latter are known as pharyngeal teeth.

Biting mechanism of the rattlesnake. la, and lb, position of the ap-

paratus when mouth is shut. IJa, and lib, position of the apparatus when
mouth is opened widely, showing the spheno-pterygoid muscle (P.e.) con-
tracted, the pterygoid (Pt) pulled forward, the transverse bone or
ectopterygoid (Tr) pushing the maxillary (M) rotating it and thereby
causing the poison-fang (J) to assume an upright position. Di, Digastric
muscle, the contraction of which lowers, or opens the lower jaw; G, the
groove or pit characteristic of the Crotaline snakes; /, poison fang; M,
maxillary; P, palatine; P.e, spheno-pterygoid; Pm, preraaxillary; Pt,
pterygoid; Q, quadrate; Sq, squamosal; T, a, insertion of the an-
terior temporal muscle, by contraction of which the mouth is shut; Tr,
transversum or ectopterygoid; X, origin and insertion of a muscle and a
strong ligament, contraction of which draws the maxillary and its tooth
back into the position of rest and assists in shutting the mouth. (After
Gadow.)

The teeth may be cone shaped or flat, sometimes they even form large

plates as though a number of primitive teeth had grown together. Teeth

may be anchylosed to the summit of the jaws, attached to their inner

side, or have their roots implanted in grooves or pockets as in the human
being. The grooves in the jaw, in which teeth grow, are called alveoli.^

^Mammals are said to be monophyodont if they develop only one set of teeth, and diphyodont if

they develop two. However, even in monophyodont mammals, a second set usually develops, although

this set later becomes absorbed or remains in a vestigial condition.
When all the teeth are uniform they are said to be homodont, while if they vary in shape they

are heterodont.
Teeth are said to be acrodont, if anchylosed to the summit of the jaws, pleurodont, if fastened

to the jaw's inner side, and thecodont, if the roots are implanted in alveoli.

Teeth have also recejved najnes according to their function or their peculiar physical appear-
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The poison fangs of certain serpents are really specialized teeth on
the maxillary bones. They may be permanently erect or turn as on a
pivot so that when the mouth is closed the teeth lie along the roof of

the mouth. Vipers and rattlesnakes are examples of this latter type.

(Fig. 430.)

Fig. 431.

The types shown have been chosen from the principal families of the Carnivora in such a
manner as to present a complete view of the changes in dentition in that order. They are:

P, Proviverra (.Cynohyaenodon) Cayluxi {Creodonts) ; V, Viverra {Civets) (Viverridae) ; H,
Hyaena crocuta L, {Hyaenidae) ; F, Felis leo L. (lion) (Felides) ; M, Michairodus cultridens Cuvier
(Ancient saber-toothed tiger of the Tertiary age) (Felides); C, Canis familiaris L. (common dogs)
(Canides); U, Urstis arctos, L. (Bears) {tjrsides).

Letters used in common for the figures of the groups of teeth: i, incisors; c, canines; />,_ pre-
molars; m, molars; k, carnivores; cm, inferior maxillary condyle; gl, glenoid fossa; co, occipital
condyle.

I. CREODONTS. Extinct order of the Eocene and of the lower Oligocene; supposed to be
the common stem of all the carnivora.

Type form: Proviverra (Cynohyaenodon) Cayluxi Filhol, of the phosphorite of Quercy (upper
Eocene and lower Oligocene).

P—Right half of the base of the skull seen from below. Below, fragment of the right half of
the lower jaw, internal aspect.

3 14 3
Complete Dental Formula — —

3 14 3

ance. For_ example, they are said to be secodont, if used for cutting purposes, such as those of cats;
hunodont, if used for crushing as in man; lophodont, if they possess well-marked transverse ridges
as in the elephant; and selenodont when they possess longitudinal crescent-shaped crests as in the
horse.
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Premolars becoming complicated from before backward, to pointed tuberosities, and compressed
laterally (secodont type); the fouith premolar ip_,) and the three upper molars united to three

tuberosities by sharp ridges. On the lower jaw, these teeth present the entire anterior surface to

three pointed tubercles and a flattened posterior heel (Type: tuberculo-sectorial of Cope).

II. CARNIVORA. They are distinguished from the Creodonts, from the point of view of

dentition, by the differentiation in the two jaws, of a carnassial, or tooth of slicing action, made
apparent by its greater development than that of the other molars. It is the 4th premolar of the

upper jaw; in the lower jaw it is the 1st molar.
In a general manner, all the teeth placed before the carnassial, that is to say all the premolars,

are sharp-pointed; all those which are behind it are tuberculated.

1. Viverrides {Civets) : The most primitive of the Carnivora properly speaking (true Oligo-
cene), from which all the other forms are usually considered to have been derived. Type shown:
Viverra indica Desm.

V, skull, seen from the right side. The maxillae have been dissected away sufficiently, as m
the other figures, so as to show the roots of the teeth.

Vs, left superior carnassial tooth, seen from the crown.
Vi, left inferior carnassial, seen from the internal aspect.

3 1 4 (3) 2
Dental Formula

3 1 4 (3) 2

The number of molars is in general reduced to two, characteristic of a carnivorous specialization.
2. The Mustelids (marten, sable, polecat, weasel, stoat) are very close to the primitive type.

The carnivorous tendency is strongly developed, as shown by the great reduction of the molars and
the higher development of the carnassial tooth.

Starting from the Viverrides. the various forms of the carnivora show changes in two clearly
divergent directions: one, in which the meat-eating nature of the animal becomes more and more
evident, as in Hyaenidae, Felides, and Pinnipedes (seals, eared seals, walrusses) and the other which
returns somewhat to the omnivorous order, separated from the Hyaenidae and Felides, and giving
rise to the Canides and Ursides.

3. Hyoenides: These form a branch supposedly derived in a direct line from the Viverrides
(Hyaenictis) as they appear in the upper Miocene,

Type Figure: Hyaena Cracuta L.
H, the two jaws, seen from the left side.

Hs, left superior carnassial tooth, seen from the crown.
Hi, left inferior carnassial tooth, internal view.

3 14 1

Dental Formula

—

3 13 1

Dentition quite like that of felides, and not well developed in a carnivorous sense.
4. Felides (cats) : The most characteristic of the Carnivora. Their most typical representa-

tives appear in the Miocene type, but they are preceded by others, which connect them with the
viverrides.

Type Figure: The lion (Felis Leo L.) ; Machairodus cultridens Cuvier, (a fossil Feline of the
European Pliocene age).

F,, Skull of a lion, seen from the left side.

F^, Left half of the same skull, seen from below.

F^, Left superior carnassial, seen from the crown.

Fi, Left inferior carnassial, seen from the internal aspect.

3 13 1

Dental Formula
3 12 1

Of the tuberculated molars, a single one persists, very much reduced (w^). The premolars,
although secondont, have undergone a certain reduction in their number as well as in their size,
leaving all the functional importance to the carnassials, which have become enormous. The canines
are_ likewise very strong, and are much longer than their neighbors. On the other hand, the
incisors, whose cutting function is done much more efficiently by the carnassials, have diminished.
The jaw is, all in all, greatly shortened. Notice also the great development and widening of the
zygomatic arch, giving a large surface for the levator muscles of the lower jaw (the temporalis,
which passes under the arch, and the masseter, which takes its origin from the entire length of the
arch). It has thus acquired considerable size and strength. The lower jaw is greatly hollowed out
on its external aspect, to permit insertion to the fibers of the large masseter muscle.

M, Skull of Machairodus cultridens (extinct saber-toothed tigers), seen from the left side.
Ms, left superior carnassial, seen from the crown.
An exaggeration of the Feline type.

3 12
Dental Formula

3 111
Huge development of the superior canine teeth, which surpass so far those of the lower jaw that
they limit closely, on each side, the buccal gap, no longer permitting free use of the canines and
carnassials in tearing off meat.

5. Canides (dog-like carnivora). A mixed group, both meat-eating and omnivorous. The
canides appear early in the Oligocene, their first forms being closely related to the primitive Viverra
or to the Creodonts, some of whose characteristics are even more primitive than those of the typical
Viverrides. The dog family appears in the early Pliocene.

Type Figure: Canis familiaris, L,

C, Left half of the skull, seen from below.
C', Left inferior maxillary condyle, seen as a horizontal cylinder (characteristic of all the

Carnivora) in relationship with the glenoid cavity which is hollowed out cylindrically.

C,, The skull, seen from the right side.
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Cs, Left superior carnassial, seen from the crown.

Ci, Left inferior carnassial, seen from the internal aspect.

3 1 4 3 (2)

Dental Formula
3 13 3

6. Ursides (Bears). The least carnivorous of all the Carnivora. They originated, apparently,

in the upper Miocene, from the primitive Canides (Amphicyon).
Type Figure: Ursus arctos L.

U^, The two jaws seen from the right side.

U^, Left half of the base of the skull seen from the lower aspect.

This figure has been placed near the corresponding figure of the Lion in such a manner as to

render apparent the comparison between these two extreme types. The comparison must be limited

to the portion included in each figure between the incisive teeth and the occipital condyle (co).

Behind this there is a very large hollowed out area which projects from the posterior aspect, to serve

as the insertion of the posterior muscles of the skull and neck.

Us, Left superior carnassial, seen from the crown.
Ui, Left inferior carnassial, seen from the internal aspect.

3 13 2
Dental Formula

—

3 12 3

This is probably a regressive adaption to the omnivorous regime. The enormous development of the

molars have become quadrituberculated and complicated by the appearance of little tubercles on or

between the greater tubercles. Regression of the cutting function of the teeth has followed, the flesh-

eating character becoming hardly apparent except in the remarkable power of the upper canines, with

their very oblique insertion and long root. The skull also lengthens.

Changes which take place in the Superior Carnassial Teeth: (Figs. Vs, Hs, Fs, Ms, Cs, Us.

In the figures the arrow indicates the upper teeth, the arrow's point being directed toward the

opening of the mouth.)
a, paracone or antero-external cusp; c', anterior accessory cusp; b, protocone, or antero-internal

cusp; c, metacone, or postero-external cusp.
Primitive form (Viverra, Vs); type trigodont (triconodont). The tooth contains two external

cusps (a,c) compressed laterally and united in a single cutting edge, and a third tubercle (&) placed

anterior and forward. A fourth tubercle (a') is often found in front of the two external cusps

on the same line with them. The cutting edge formed by these last is lengthened in such a manner
as to place these tubercles together and thus present three points. The tooth has three roots, two
anterior and one posterior.

_ _

Hyaenidae and Felides (Hs and Fs) :
_
The external cutting edge is developed highly in these.

The internal anterior tubercle remains conical and blunt, but disappears completely in Machairodus
(Ms).

Canides: (Cs) : Changes in the omnivorous group. The tubercle a' has disappeared, the

tubercle b remaining prominent.
Ursides: (Us): There is the same type of accentuation as in the Canides. Three conical

tubercles.
Changes in the Lower Carnassial: (Figs. Ui, Ci, Hi, Fi, Vi). ,The arrows are placed above the

tooth to indicate the lower ones. The point indicates the anterior direction, a, paraconid or anterio-

internal cusp; B, protoconid or external-anterior cusp; B', metaconid or internal posterior cusp; Y,
hypoconid, or posterior talon.

The primitive type (Viverrides, Vi) is here the tuberculo-sectorial type of Cope. It contains

(1), An anterior part with three tuberculated points; two internal, A, jB', and one external, B, (2) a

posterior talon Y, low and flattened, carrying one or more blunt tubercles. The tooth presents, in

other words, a secodont anterior portion (carnivorous) and a tuberculated posterior portion (omniv-
orous). It has two roots corresponding to the two parts.

This tuberculo-sectorial type is common to all the lower molars of the creodonts and is limited

more or less to the true carnassial tooth in the true Carnivora.

Canides. Ci: The tuberculo-sectorial type is preserved but with accentuation of the carnassial
character. Then there is a reduction of the talon predominance of B, reduction of B' , and the
anterior root is somewhat stronger than the posterior.

Hyaenidae, Hi: Regression of the talon; the tubercles A and B compressed and united in a
sharp cutting edge, and bicuspid; 5' notably reduced. The anterior root is much stronger than the
posterior.

Felides, Fi. : The talon of B' has nearly disappeared and there is predominance of the anterior
root.

Ursides, Ui.: Omnivorous type; the secodont part is smooth; its tubercles are blunt and conical;
the talon contains more than half of the crown; it is covered by the secondary tubercles, which are
elevated almost to the level of the anterior cusps.

^
The whole of the talon has this one surTace

entirely similar to that of the tuberculated molars which are placed next in position.

Title Figures: P, head of Panther (FELIS); Ci, head of Civet (VIVERRA). (From the
charts of Remy, Perrier & Cepede.)

There are four kinds of teeth in mammals (Fig. 431). In the human
being, they are alike in both upper and lower jaws as well as alike in

both halves of upper and lower jaws. For classification of teeth, we use

only one-half of the teeth in either jaw. Thus in man, we find the two

teeth nearest the midline—the incisors—are followed by a single canine.

This is distinctly cone shaped and has a single root. Back of this come

the two pre-molars, commonly called bicuspids, having two roots and

complicated crowns. They appear both in the milk and permanent den-
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titions; and lastly three molars quite like the pre-molars in form, with

several roots, but appearing only in the permanent dentition. The num-

ber and kind of teeth is expressed by v^hat is known as a dental formula.

As already stated, the number and kinds of teeth in the two halves of the

jaw are the same, so only one side need be represented in the formula,

but, as in some animals the upper and lower jaws do not have the same

types and forms of teeth, the formula must take both upper and lower

jaws into consideration. The upper figures, therefore, represent one-half

the upper jaw and the lower figures one-half the lower jaw.

DENTAL FORMULA

i-r, ^"T, pm-|-,niT'

The foregoing is the dental formula for man ; that for the opossum

is as follows

:

It , c— ,
pm— ,

ni—
EPIDERMAL TEETH

Epidermal teeth occur in cyclostom.es (Fig. 422, 6) and various

larval stages of amphibia and monotremes. In the cyclostome these are

little cone-like projections of cornified epithelium with an underlying

core of integument. These epidermal teeth are differently arranged in

the lampreys and myxinoids. In the myxinoids they are few, only a

single tooth being found on the palate and two chevron-shaped rows on

the top. In the lampreys almost the whole inner surface of the oral hood

is lined with these teeth of varying shape and there are a varying num-
ber upon the tongue. Epidermal teeth are used as a means of fastening

the animals to their prey. Those on the myxinoid tongue are used for

boring into the fishes on which these parasites feed. In the larval anura

(Fig. 318) there are cornified papillae serving as teeth along the edge

of the jaws. The arrangement varies in different genera. They are

frequently aggregated in dental plates which the animal uses in scraping

the algae from submerged objects. They are not related to the teeth

of cyclostomes.

Baleen, or whalebone, should be mentioned here. This is formed in

large plates of horny material attached to the margins of the upper jaw

(Fig. 392). The ffinged ends and edges of these plates serve as strainers

to extract the food products from the various materials taken in with

the water.

In the embryos of certain lizards and snakes there is a median tooth

which projects from the mouth and which is used to rupture the egg

cell when the young is ready to escape. Such a tooth is called an egg-

tooth. An egg-tooth is formed in turtles, Sphenodon, crocodiles, birds,

and monotremes, but in these cases it is only a thick (sometimes cal-

cified) portion of the epidermis,



314 Comparative Anatomy

THE TONGUE
The tongue varies to a very considerable extent in the different

groups of vertebrates (Fig. 432). In mammals the hyo-branchial sup-
port consists simply of a basi-hyal (body) and tw^o pairs of horns
(cornua). The most cephalad pair are the longer and usually consist of

four bony structures, the cerato-hyal, the epi-hyal, the stylo-hyal, and
the tympano-hyal, the latter bone attached to the skull in the tympanic
region. The pair of horns lying caudal consists of only a single skeletal

piece of bone known as the thyro-hyal which connects the body with the

thyroid cartilage of the larynx. In the human being the anterior, or

cephalad, horns are considerably modified from those in other mammals.

The tympano-hyal and the stylo-hj^al have fused with the otic region

of the skull to form the styloid process, while the hypo-hyal is a mere
rudiment connecting with the styloid process by a ligament; the cerato-

hyal is not present. The anterior horns, though typically longer and
m.ore complex than the others, are called the "lesser" in man, because

the earlier anatomists took all of their names from the human being

without any comparisons with other forms.

There is no functional tongue in fishes, although the material which
develops into a tongue in the higher forms is present. This is known as

the anterior part of the hyo-branchial apparatus. The more cephalic

part of this complex apparatus is found in the floor of the mouth cavity.

It is naturally shaped according to the jaw outlines which border it.

It may even be pushed forward so as to form a slight elevation by the

action of the visceral muscles.

In amphibians, where the gill-bearing function has more or less

ceased, this region forms the basis o£ the tongue while a fleshy organ of

some kind may develop.

In the higher forms of vertebrates two to four of the visceral arches

form the skeletal basis of the tongue. The hyoid arch is the structural

foundation to which the muscles o£ the tongue are attached. Here one

usually finds, although there are many varieties, a median basi-branchial

piece, called the os entoglossum, and two caudad projecting horns—the

cornua. In Sauropsida the tongue is a direct condition of this and the

principal motion consists in protruding and withdrawing the entire

organ by means of the two caudal horns which lie in sheaths from which

they may be everted. The tongue is sometimes quite long, and then the

sheaths and the enclosed horns are, of course, of corresponding length.

If the horns are very long, some disposition must be made of them

when retracted. This is interestingly observed in the salamander,

Spelerpes fuscus, where the sheaths of the horns run down the sides of

the body until they are attached to the pelvic bones, the ilia. In the

woodpecker they pass around the occipital region over the top of the

head and end near the anterior nares of the base of the upper beak. In
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such cases the ends of the horns are fastened to the bottom of the

sheaths so that the sheath is turned inside out when they are withdrawn.

The tongue develops between the hyoid and mandibular arches (Fig.

432). The hyoid often extends into and supports the tongue. Conse-

quently, the organ itself cannot be moved unless its supporting skeleton

is likewise moved. The tongue is a sensory organ but can also be used

as an organ of touch and taste. There are little elevations (Fig. 433)

known as papillae, in many if not most animal tongues. Some of these

Fig. 432.

Two stages in the development of the tongue and pharyngeal
floor of man, c, copula (basihyal element); cs, cervical sinus; ep,

epiglottis; g, glottis; h, hyoid arch; md, mandibular arch; mth,
median anlage of thyroid gland; t, tuberculum impar; tg, tongue.
(From Kingsley after His.)

Fig. 433.

Papillary surfaces of the human
tongue showing fauces and tonsils.

1, 1, circumvallate papillae, in front
of 2, the foramen caecum; 3, fungi-
form papillae; 4, filiform and con-
ical papillae; 5, transverse and
oblique rugae; 6, mucous glands at
the base of the tongue and in the
fauces; 7, tonsils; 8, part of the
epiglottis; 9, median glosso-epi-
glottidean fold (frenum epiglottis).
(From Hill after Sappey.)

are sensory while others have become hardened and serve as rasping

organs.

In the cyclostomes the tongue is thick and fleshy and is supported

by a cartilaginous skeleton. The muscles which throw out the tongue,

are called protractor muscles, and those which draw the tongue back to

its normal position, are known as retractors. These muscles are devel-

oped from the postotic myotomes and their nerve supply comes from the

hypo-glossal nerve. In the myxinoids the terminal end of the tongue

possesses epidermal teeth which form a boring organ by which these

animals obtain entrance into their prey. In the lampreys, the surface

has a rasping organ and also forms part of the sucking apparatus.

Among the amphibians there are a few anura (aglossa) in which the

tongue is practically absent, but in most cases the tongue actually con-

tains intrinsic muscles supplied by the hypo-glossal nerve when the

tongue can be moved quite readily. The tongue of amphibians is made
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up of a small basal portion, quite similar to that of the fish, but to this

is added a large glandular part which develops between that portion

called the copula, or medial region, and the lower body. The amphibian
tongue secretes slime which is rather useful in capturing its prey. In

anura the tongue is fastened to the margin of the jaw, while its free

end when not in use lies on the floor of the mouth. In urodeles a much
greater portion of the tongue is attached than in anura, for here not

only the anterior margin of the tongue but a part of the ventral surface

as well, is held quite definitely in place by attachments.

The supporting skeleton of the tongue, as mentioned above, usually

consists of two pairs of horns largely formed from the ventral ends of

the hyoid and first branchial arches. The median portion, or body, which
unites these horns is known as the copula. The reptilian tongue includes

the parts already mentioned which are found in the amphibia and, in

addition, a median growth which arises between the basi-hyal and the

lower jaw known as the tuberculum impar (Fig. 432, t). Added to this,

there is found a pair of lateral folds lying above the first visceral (man-
dibular) arch. From now on, as these parts develop, the trigeminal

nerve sends twigs to the tongue in addition to the hypoglossal and
glossopharyngeal as in the lower groups. In turtles and crocodiles the

tongue lies on the floor of the mouth and cannot be protruded. In

reptiles possessing a retractile tongue the hyoid apparatus extends into

that organ. The unpaired cephalic portion, which we have called the

OS entoglossum, is equivalent to the term copula or basi-hyal; the

retractor muscles are usually attached to the two horns. In the tongues

of birds the lateral parts of the reptilian tongue are not to be found and
consequently there is no branch from the trigeminal nerve. It is to be

remembered that during the embryological development of a part, the

nerves follow the growing muscle. The bird's tongue has no intrinsic

muscles. It has many varieties of form but is usually slender and cov-

ered with horny papillae. Even its skeleton is reduced ; there is only

an OS entoglossum with a pair of structural elements attached in front,

known as the paraglossae, while, on the sides, a pair of horns form the

first branchial arch, and, in the median line behind, a portion called the

urohyal is found. This is well marked in the woodpecker as already

stated.

Now we shall discuss the use of the tongue. With the exception of

the whale, the tongue is very mobile in all forms of mammalian life.

The mobility reaches its extreme in the ant-eaters (Fig. 387). It is

largely due to the intrinsic muscles which have been derived to a con-

siderable extent from the hypo-branchial musculature. The tongue itself

is developed from the unpaired elevation—the tuberculum impar—and

from two thickenings on the mandibular arch, which, together with the

fleshy ridges above the hyoid arch, form the tongue. These fleshy ridges

above the hyoid arch form the back part of the tongue. The line formed
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between the anterior and posterior parts cannot readily be seen in the

adult, but it is quite close to the circumvallate papillae and the foramen

caecum. This latter is a little open place, or pit, in close relationship

to the development of the thyroid gland.

It will thus be seen that the mammalian tongue is quite sim.ilar to

that of reptiles and exceeds that of birds by having portions in it that

come from the mandibular arch.

Two views are usually held as to the relations of the mammalian
and amphibian tongues. One holds that the amphibian tongue is entirely

unrepresented in the mammals unless it be by the sublingua. This is a

fleshy fold beneath the tongue of marsupials and lemurs, traces of which

occur in other mammals, even in man, as folds (plicae fimbriatae)

beneath the tongue. In some cases (Stenops), the sublingua is sup-

ported by cartilage, which may be the entoglossum. The other view is

that at least the anterior part of the tongue in amniotes is quite like

that of amphibia. This view holds that the lyssa (a vermiform mass

of cartilage, muscle, and connective tissue, lying ventral to the median

septum of the tongue), is the equivalent of the entoglossum and its

associated structures.

The dorsal surface of the tongue is covered with a soft epithelium

with many mucous glands. There are also varying forms of papillae

(Fig. 433), some of which, the taste buds for example, are sensory, while

some become cornified to form epidermal teeth. A rasping type of

tongue in which many of the papillae have become cornified is that of

the cat.

GLANDS

In animals that live under water it is quite natural that compara-

tively few glands should be found in the mouth cavity other than the

very simplest kind. These pour out a slight amount of mucus. If glands

were to exist there to any extent, their secretions would be washed

away with the incoming and outgoing water that passes through the

mouth cavity of such animals. Then, too, one can easily understand that,

where a secretion of an animal gland is soluble in water, if such animal

lives in water, the secretion could be of no value whatever. Contrasted

to this, it can also readily be understood that animals which breathe air

must have many glands moistening all surfaces constantly, or the absorp-

tion, which is always going on, would soon have all parts of our bodies

so dry that they could no longer function. For this reason terrestrial

animals have many more secreting glands than water animals.

Mammals, therefore, have salivary glands. The saliva, which these

secrete, contains not only mucus, but a digestive ferment known as

ptyalin which changes starch into sugar.

Glands are named largely after the position they occupy, such as

labial, lingual, sub-lingual, etc.
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In air-breathing amphibia, snakes, and lizards, there are labial

glands opening at the basis of the teeth, an intermaxillary or internasal

gland in the septum between the nasal cavities, as well as palatal glands

near the choanae. These latter glands are lacking in the caecilians.

There is a sub-lingual gland on either side in many reptiles. Probably

all secretions from salivary glands in snakes are poisonous. There is

only one known poisonous lizard (Heloderma). The sub-lingual glands

furnish the poison. Birds do not have labial and internasal glands,

but they do have numerous other glands which open separately into

the roof of the mouth. They also have anterior and posterior sub-

linguals and even sometimes "angle" glands at the angle of the mouth,

a condition sometimes supposed to be a remnant of the labial glands in

the Sauropsida. Mammals possess small labial, buccal, lingual, and

palatine glands imbedded in the mucous membrane of the mouth. Each
of these opens through a separate duct. All of these glands serve to

keep the various surfaces moist.

Many glands, however, have become specialized; for example, the

intermaxillary glands of frogs and toads (opening into the roof of the

mouth) secrete a viscid and sticky fluid which the tongue uses as it is

thrown out to catch and hold insects and other moving objects. So, too,

the buccal glands of poisonous serpents furnish the venom which is sent

forth through the poison fangs. These poison fangs, it will be remem-
bered, are teeth, and they are provided either with a groove along the

external surface or else they have a very small lumen through the center

of the tooth and act very much like a hypodermic needle. Those glands,

which assist in throwing out a thin watery lubricant, are called serous

glands, while those assisting in softening and dissolving dry food so

that it can be more easily swallowed, are called salivary glands without

regard to their position.

In mammals the salivary glands are the parotid, lying ventral to the

ear (swelling up in man when he has mumps), the submandibular (called

submaxillary in human anatomy), the sublingual, and the retrolingual.

This last one is closely associated with the submandibular. It is not

found in all mammals.

The serous glands secrete a clear fluid without any salivary attribute.

The molar gland of ungulates and the voluminous orbital gland of dogs

are examples of this type. The orbital glands open into the mouth-

cavity close to the last upper molar. The submandibular is found in

the lower jaw beneath the mylohyoid muscle. Its duct (Wharton's

duct) opens near the lower incisor teeth. The retrolingual gland is near

the submandibular with its duct opening close to Wharton's. The sub-

lingual gland lies between the tongue and the alveolar margin of the

lower jaw. It empties through several ducts. The parotid opens

through Stenson's duct near the molars of the upper jaw.
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THE PHARYNX
We have already described the pharynx as the cephalic end of the

digestive canal lying between the cavity of the mouth and the oesopha-

gus from which the respiratory system develops. It will be described

in more detail in our discussion of the respiratory system. But, as

there are certain more or less significant organs developed in the

pharyngeal region, it may be well to discuss them at this point. These

are especially the thymus and thyroid glands. It is customary to trace

the development of these two glands from the cyclostomes upward
because the cyclostomes furnish the first (more generalized) stage of

development of such glands and thus make it possible to follow up

consecutively any so-called advance from a lower developmental type

to a higher one. (Figs. 294, 434.)

There are six pharyngeal pockets (except in the cyclostomes)

developed on each side. Each of these pockets possesses a dorsal and a

ventral recess. It is around these recesses that a group of epithelial

cells develops an organ-anlage quite alike in the lower forms. In the

higher forms, however, the dorsal group soon forms the thymus, and

the ventral forms what are called epithelial corpuscles.

These thymus-anlagen may separate from the layer where they

originated, or they may fuse into a single elongated organ, or they may
become constricted in number, the anterior ones disappearing.

In the cyclostomes there are seven anlagen. In the teleosts there

are six pharyngeal pockets, but only four anlagen, and these are all the

more posterior ones.

Fig. 434.

Thyroid and thymus glands with closely related organs. A, lizard; B,
Hen; C, Calf. car, carotid artery; h, heart; p.br.k., postbrarichial bodies;
thym, thymus; thym\ point of thymus attachment; thyr, thyroid gland; tr,

trachea; v.jug., jugular vein. (After DeMeuron.)

In the mammals it is the third pocket which produces the thymus-
anlage, although sometimes there is a tiny addition from the fourth.

The epithelial corpuscles tend to disappear, but in amphibians they

become glandular and associate with the carotid artery to form carotid
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glands. The number of these carotid g^lands varies in different groups

of animals.

Immediately behind the last gill slit, in the floor of the pharynx,

there is a pair of evaginations. These have been termed supraperi-

cardial bodies because they secondarily become associated with the

pericardium of the selachians. At present they are usually called post-

branchial bodies. In selachians a complete pair of these bodies develops

but in urodeles and lizards only the left one ever completes its develop-

ment, the right ultimately disappearing. Whether these bodies occur in

birds and mammals is not known, although there are somewhat similar

growths, called parathyroid bodies, which do develop in these animals

and then become lost in the lobes of the thyroid gland.

Explanations of these bodies are not yet satisfactory.

The thyroid has come to be considered a very important organ since

endocrinology looms up so large in the medical world. This gland is

an evagination of the pharynx. It is first seen in the selachians but

makes its appearance regularly in the higher forms. It arises from the

floor of the pharynx at about the level of the interval between the first

and second pockets. It becomes compact, and, like the thymus, does

not develop a duct. In the larva of Petromyzon (one of the cyclostomes)

the thyroid appears as an open trough, lined with cilia, which is in open

communication with the pharynx, a position quite like that in Amphi-

oxus. This trough is called the hypo-branchial groove, or endostyle, an

organ which assists the passage of food down the pharynx by exuding

a slimy secretion and by furnishing a definite track, with cilia, which

can thus facilitate its movement.

Professor Wilder thinks the thyroid gland is primarily a digestive

organ, although in the true vertebrates its structure, as well as its

function, has nothing to do with digestion. It is now generally thought

that the internal secretions of the thymus gland stimulate growth and

inhibit development while the secretions of the thyroid gland stimulate

development and inhibit growth.

THE OESOPHAGUS
This is the swallowing tube connecting the mouth with the stomach.

It lies directly against the interior of the dorsal wall of the body-cavity

and thus lacks a serous coat. There are no digestive glands in its walls

as a rule. Its length quite naturally varies with the length of the neck

of the animal in which it occurs. Usually its internal lining is a smooth
epithelium. In the chelonians one finds cornified papillae pointing back-

ward. The oesophagus, like other parts of the digestive tract, consists

of five layers ; however, as it will be remembered that the ectoderm has

indented to form the anterior and posterior openings into the digestive

tract, a histological examination in the region where these two divisions

merge into each other will show a change of structure.
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The muscles contained in the walls are striated at the cephalic end

and extend back in some cases even into the stomach. The oesophagus

usually has the same diameter throughout, but in many, if not most
birds, there is a dilation called the crop or ingluvies. This may either

be an expansion on one side, or, as in pigeons, it may consist of a median
as well as a pair of lateral chambers. The crop may be a simple reser-

voir for food, or it may be a real glandular organ where secretions are

poured forth and digestion started. In fact, during the breeding season

pigeons secrete a milky fluid here, which is used in feeding the young.

THE STOMACH
The various portions of the stomach have already been named and

described in the frog. To the terms there given should be added the

small curvature at the top or anterior surface of the stomach, usually

called the "lesser" curvature, and the posterior curvature called the

"greater."

In some forms of animals, such as amphibians, the lining of the

mouth, oesophagus, and stomach is covered with cilia. In birds the

stomach is divided into an anterior glandular region, called the pro-

ventriculus, and a posterior muscular region, called the gizzard. After

the food has passed through the proventricular region and has mixed
with the secretion from its glands, it passes into the gizzard. This

latter organ is not only muscular, but the muscles have developed into

a pair of disks with tendinous centers. There is a secretion in the

gizzard which hardens the lining, and, sometimes, even raises little

elevations which are used in grinding the food. One might almost con-

sider them teeth. Remembering that birds have no true teeth, one can

readily understand the advantage such an animal has in a gizzard of

this type. Grain-eating birds swallow small pebbles which enter the

gizzard and are thus also made use of for grinding purposes.

In fact, in the fossil pterodactyl pebbles have been found in such

portions as to lead to the supposition that these reptiles had a gizzard.

It is well to note in this regard that the grain-eating birds have the

best developed gizzards, while birds of prey have gizzards much less

fully developed. In one species of pigeons, a part of the wall of the

gizzard is ossified. In mammals there are more varying forms of stom-

achs. These are divided ,in from one to four regions. The ruminants

have two well developed divisions of the stomach (Fig. 435), the rumen
or paunch, and the reticulum or honey comb, though these two divisions

are really enlarged portions of the oesophagus and serve as reservoirs

of food. The food is regurgitated into the mouth for mastication and,

after it is swallowed a second time, passes into the true stomach, the

psalterium (also called omasus or manyplies), and then to the abomasum
or rennet. The latter is used for gastric digestion.

It is of interest here to trace the embryonic changes of the mesentery
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in mammals. The mesentery supporting the stomach is called the meso-

gastrium. The first curvature of the stomach, v^hich is toward the left,

broadens the corresponding part of the mesogastrium, an effect which is

still further increased by the lateral torsion of the entire stomach. The
spleen develops within this widened part and by its weight produces

a fullness which in turn causes a sagging down behind (dorsal to) the

lesser curvature, although attached to the greater. This tendency con-

tinues and causes the free lower fold of the bag-like extension to hang

down behind the stomach (Fig. 427).

This fold is called the greater omentum (omentum majus), which,

as all mesenteries are essentially double, must consist of four layers of

serous membranes, applied two and two, each pair holding between them

the blood vessels and absorbent vessels naturally belonging to a mesen-

Fig. 435.

Stomach of a Sheep. 4 abom, abomasum; d, intestine; f^f^,
two folds which divide the rumen (paunch) into three regions;
kl, pyloric valve; 6 (3-4) opening which leads from the third
to the fourth stomach region; oes, oesophagus; 3, psalt, psalterium
(omasus or manyplies); 2.ret, reticulum (honeycomb); l.rum,
rumen (paunch) ; schl.r., pharyngeal groove.

The piece of wire marked / shows the direction the unmasti-
cated food takes, while II shows the direction of the remasticated
food. (After Carus and Otto.)

tery. The cavity of the bag is the lesser peritoneal cavity of human
anatomy, and the opening into it (behind the stomach) is the foramen
epiploicum (foramen of Winslow). The bag is widely open in most
mammals but in man the foramen is considerably reduced in size and
the layers forming the pendulous fold are fused together to form a

four-layered apron that hangs below the stomach and covers the intes-

tinal folds.

THE INTESTINE
The duodenum takes its name from the twelve inches of rather

large diameter intestine which immediately follows the stomach. The



Digestive System 323

word ''duodenum" is a name which was taken from human anatomy
though even in man the structure bearing that name is closer to eleven,

inches in length than it is to twelve inches in the adult. In the lower

forms of animals it varies in length and shape as do all the other parts

of the intestinal tract.

Growing from this portion of the intestinal tract, immediately

beyond the pyloris, in some of the ganoids and teleosts there may be as

many as one to two hundred blind tubes. These are known as the

pyloric caeca. There are a few elasmobranchs which have only one

pair of these caeca. The caeca may be expanded into a pouch called a

bursa Entiana. The region of the intestine running caudad from the

duodenum is also called the post-hepatic intestine, so it is in this region

caudad to the liver, where most of the digestive processes as well as

most of the absorption of the products of digestion take place.

The food, having been more or less mixed with various salivary

secretions and having been reduced to a semi-liquid state, receives the

bile from the liver and the pancreatic juice from the pancreas (Fig. 436).

Fig. 436.

A, The duodenum of a rabbit with vine-like pancreas. P., Pyloric end of
stomach; gh., gall bladder with bile duct and hepatic ducts; p.d., pancreatic duct.
(From Krause after Claude Bernard.)

B, Appendix vermiformis of kangaroo; C, Appendix vermiformis of human
embryo. (After Wiedersheim.)

It is then ready, after being moved back and forth by the peristaltic

movement of the intestine, to be taken up and absorbed by the little

finger-like processes (villi) which extend from the inner surface of the

small intestine. Here it is well to remember that the length of the

intestine varies with the type of food the individual eats. It is longer

in plant-eating animals than in meat-eating animals. A classic illustra-

tion of this is the comparative length of the intestine in the adult frog

and in the tadpole. The adult frog's intestine is no longer than
that of a tadpole half the size a frog would be if it had kept up its

relative increase in size.

Any blind pouch in an animal is called a caecum. At the beginning

of the large intestine where the small intestine enters into it, the joining

itself is called the ileo-caecal junction, and the little projecting end of
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the large intestine is the caecum. It is the tapering end of this caecum
which forms the appendix (Fig. 436) in man and in some of the other

vertebrates. There is also a valve at the junction of the ileum and
caecum, known as the ileo-caecal valve.

The first part of the small intestine, which follows the duodenum,
is known as the jejunum, while the more distal portion is the ileum.

Professor Wilder gives the following interesting account of the

appendix and succeeding structures:

"At the junction of the small intestine with the large, there is a

strong tendency to form one or more caeca, or blind sacs, which often

become digestive organs of great physiological efficiency. The charac-

teristic form in reptiles is that of a single rather short and wide caecum,
symmetrically placed. In birds there are usually two symmetrical ones,

which attain great length in scratching birds (e. g., the common fowl),

and in ducks and geese, but are quite rudimentary in certain others

(woodpeckers, parrots, etc.). Ostriches possess a single caecum of

great length (seven to eight meters) and furnished with an internal

spiral partition, which greatly increases its effective surface.

*Tn mammals a single caecum is developed, which varies greatly

in size and functional importance. Rudimentary in edentates, most
insectivores, and bats, it frequently attains an enormous size in herbiv-

orous or graminivorous forms. In certain rodents (e. g., muskrat,

woodchuck), its total capacity equals or exceeds that of the remainder

of the alimentary canal, and in the marsupial Phascolarctus it is three

times the length of the body. In the rabbit it is provided with an

internal spiral valve; in certain other rodents and in the higher apes

and man, the free end becomes rudimentary, restricts its lumen, and

forms a worm-like process, the processus (appendix) vermiformis, which

like all rudimentary organs, is subject to a large amount of individual

variation.

"Thus in the human subject the appendix varies in length between

the limits of 2-23 cm., the average for an adult being 8-9 cm. It is

longest proportionally during fetal life, its length relative to that of

the large intestine being 1 :10, while in adult life it is 1 :20. It is longest

absolutely between the ages of ten and twenty, after which it shows a

slight reduction. Its status as a rudiment of slight functional value is

shown by the tendency toward the obliteration of its lumen, a tendency

which increases steadily with age. Furthermore, these two characters,

reduction in length and obliteration of the lumen, go hand in hand,

short appendices being usually solid, while large ones are likely to

possess a lumen.

"The position and arrangement of the colon varies considerably

among various mammals. In man it begins low down on the right side,

from which there proceed in order an ascending, transverse, and descend-

ing portion, connected with the rectum by a sigmoid flexure, through
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which the tube attains the median line; a similar disposal is seen in

many other anthropoids, in lemurs and rodents, the majority of carni-

vores, and a few others. A more complex condition than this is produced

by the formation of long, narrow loops along the course of either the

ascending or transverse colons, or both, and these loops may remain

simple or roll into spirals. Such colon labyrinths are seen in ruminants,

in certain rodents as the lemmings and jumping mice, and in a few

lemurs.

"From this brief review of the alimentary canal and its modifica-

tions the impression is gained that in this array of enlargements, elonga-

tions, diverticula, spiral valves, and other devices, we have to do, not

with a consecutive anatomical history, but with numerous special cases

of physiological adaptations, developed in response to need ; and that a

similarity in one of these particulars implies, not genetic relationship

necessarily, but a similar demand responded to in a similar way. The
main object to be achieved in all cases is to regulate the amount of

digestive surface to the demands ofiFered by the various kinds of food,

and as there is but a limited number of mechanical or architectural

devices possible, the same ones are employed in unrelated groups of

animals, having arisen independently in response to a similar physio-

logical need. This phenomenon of parallel development (or 'analogical

resemblance,' as Darwin calls it), may appear in any system or part

and has been a frequent source of error in the estimation of the inter-

relationship of animals."

It has already been shown that the intestinal tract begins as a

straight tube ; enlargements then take place in various portions of this

tube, the most prominent of such enlargements being the stomach.

This enlargement has various paired nerves passing down each side of

the digestive canal, prominent among which are the vagus nerves. When
the stomach has become sufficiently large and extends some distance

ventral, it turns, so that what was the ventral region now points toward
the right side of the individual. This means that any nerves or blood

vessels which lie along the right side of the embryonic digestive tract

will then lie on the dorsal surface of the stomach and, of course, the

left nerves and blood vessels then become ventral. It will save con-

siderable confusion of thought if this be remembered.

THE LIVER (HEPAR)
The liver, as well as the pancreas (Fig. 293)—the two largest diges-

tive glands—are derived from the mucosa of the intestine. The former

grows by a ventral, and the latter by a dorsal, evagination. These
organs are in a sense enlarged intestinal glands which pushed their way
through mucosa, submucosa, and muscularia of the intestine. Then,
as they pushed against the serosa (which is held down very loosely),

this tissue stretched and grew directly ahead of the two glands. The
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liver and pancreas are, therefore, covered by a serous membrane, and
both are connected on the side from which they pushed forth by a double
layer of serosa which forms respective mesenteries. This serous cover-

ing is continuous with the covering of the entire intestinal tract and
is known as the visceral peritoneum. The peritoneum also forms the

lining of the abdominal cavity.

The liver is the largest gland in the body but, no matter how many
lobes it may develop or how large it may grow, a layer of serosa covers

every part of the gland except that part lying toward the side from
which it grew. Here, as stated above, the layers coming from each side

naturally unite and form the double layer of serosa—the mesentery.

The two large suspensory mesenteries of the liver are called the ligamen-

tum hepato-gastricum (sometimes also called the lesser omentum) and
the ligamentum suspensorium-hepatis.

Practically the entire length of the digestive canal, which passes

through the body-cavity, was originally attached by both a dorsal and
ventral mesentery. The ventral mesentery, however, becomes lost below
the region of the liver, leaving a sharp ventral edge to the two hepatic

ligaments.

The function of the liver is to secrete bile (gall), as well as to form

various internal products such as glycogen, urea, and uric acid, all of

which substances are of great importance to the living animal. The
bile is sent to the intestines through the bile duct (also called the

choledochal duct) while the other products are carried away by the

blood. Substances secreted by glands which are not sent through a duct,

but carried throughout the body by the blood stream, are known as

substances of internal secretion.

The liver is a compound tubular gland. The many little tubules in

the liver which form the gall capillaries empty into the bile duct. This

tubular condition of the liver is easily seen in ichthyopsida but is difficult

to observe in mammals because of the tubular anastomosis and because

of the close interrelation of the bile vessels and blood vessels.

The liver begins its growth cephalad at about the same time the

blood vessels have already developed into the large sinus venosus and

hepatic veins. These blood vessels also contribute to the septum trans-

versum (Fig. 348). The growth of these latter organs prevents the liver

from continuing its cephalad growth so that from now on it increases

in size in an opposite direction.

Concomitant with its increase in size there is an immigration of

mesenchyme between the lobules of the liver. The blood vessels enter

at this time. The bile duct (if there are several, this is only true of one

of them) has a lateral diverticulum or enlargement. This is the gall

bladder (Figs. 426, II, 436), which serves as a reservoir for the bile. It

may be found in the substance of the liver itself but is usually more or

less separate and lies dorsal to the liver substance. It is lacking in some
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mammals. In fact, it is not uncommon in man to have the gall bladder

removed surgically.

Both the liver and the gall bladder have ducts leading from them.

Those coming from the liver are called hepatic ducts; those from the

gall bladder are called cystic ducts (Fig. 436). These unite to form

the common duct which is also called the choledochal duct. It is this

common, or choledochal, duct which empties into the intestine. The
liver has many and varying shapes in the different animals, depending

to a large extent not only upon the shape of the body but on the shape

and size of the organs which press upon it. The color of the gall may
vary from a brown, yellow, purple, or green, to a vermilion.

THE PANCREAS
This is the second largest of the digestive glands (Fig. 436) and

secretes digestive ferments of great strength, such as trypsin, steapsin,

and amylopsin, which digest both proteins and carbohydrates.

In some respects the pancreas resembles the salivary glands and so

compensates in part for the absence of such glands in the lower verte-

brates. This pancreas arises, as already mentioned, from the dorsal wall

of the intestine, close to the liver. There are usually three diverticula,

one dorsal and two ventral. These latter soon unite. In sharks there

is only a single diverticulum, while in the sturgeon there are not only

two dorsal but also an equal number of ventral. The proximal portion

forms the ducts, the distal, the glands. The number of ducts that per-

sist varies immensely. In some forms of animals all but one disap-

pear, while in the lampreys all may be lost. However, in the mammals
two ducts usually persist : the ventral, known as the pancreatic, or

Wirsung's, duct, and the dorsal called the accessory, or Santorini's, duct.

Again, the ducts may all remain distinct, or they may unite before they

enter the intestines. One of them may even unite with the bile duct.

While not absolutely proved, it seems that all vertebrates have some
form of pancreas. This may be only a slender tube in the mesentery,

as in teleosts, or it may lie outside the muscles in the intestinal walls,

as in dipnoi. In the cyclostomes, it is partly concealed at the insertion

of the spiral valve and partly in the liver. In these forms, however,

the duct has entirely disappeared so that it forms one of the ductless

glands or, in other words, a gland of internal secretion. The pancreas

varies in shape and size. It may be long and straight or possess many
lobules. Almost always it is placed between the duodenum and the

stomach. There is a question as to whether or not the gland is composed
of two separate and distinct structures.

SUMMARY OF THE DIGESTIVE SYSTEM
AMPHIOXUS

The mouth lies at the bottom of a vestibule (Fig. 437) as an oral

funnel bounded by ciliated buccal tentacles with cartilaginous supports
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Fig. 437.

Amphioxus lanceolatus: a,

Anus; au, eye; b, ventral

muscles; c, body cavity; ch,

notochord; d, intestine; do
and du, dorsal and ventral

walls of intestine; /, fin-rays;

h, skin; k, gills; ka, gill-

artery; lb, liver; Iv, liver-

vein; m^, brain vesicle; m^,
spinal marrow; mg, stomach;
o, mouth; p, ventral pore; r,

dorsal muscle; s, tail fin; t, t,

aorta; v, intestinal vein; x,
boundary between gill intes-

tine and stomach intestine; y,
hypobranchial groove. (After
Hackel.)

that serve to funnel the v^ater into the pharynx.

The mouth is surrounded by a membrane, the

velum, which acts as a sphincter muscle. A set

of velar tentacles that serve as a grating to strain

out the larger particles is developed on the free

edges of the velum.

The pharynx has sometimes upward of fifty

or more pairs of gill-clefts (also called branchial

apertures) that are separated by partitions in

which lie cartilaginous skeletal rods, connected

across with one another, forming a sort of

branchial basket. These apertures serve as

means of communication between the pharynx
and the atrium (the space between the pharynx

and the body-wall). The endostyle (a longitudi-

nal groove on the ventral side of the pharynx)

as well as the peripharyngeal and hyperpharyn-

geal grooves all secrete mucus in the form of a

continuous rope which carries the food along

with it to the stomach. The atrium is a sort of

mantle composed of folds of the body-wall that

enclose the whole branchial apparatus in a

voluminous water-filled chamber, the atrial

cavity. The atrium is lined with ectoderm and

has but one opening to the exterior, a posteriorly

directed atriopore, which carries off the water

that comes through the pharyngeal clefts. The
atrium is a protection for the delicate pharynx,

while the animal is in its sandy burrow, and helps

to maintain an uninterrupted current of water.

ASCIDIANS (TUNICATES)
In the Ascidians (Fig. 313, IV) the method

of food concentration and transportation is simi-

lar to that of Amphioxus although the apparatus,

which carries on this function, seems to be of an

improved type more appropriate for a sedentary

life. An atrial cavity surrounds the pharynx
which in turn is enclosed by a mantle that sur-

rounds the whole body. A thick tunic (after

which the animal takes its name) covers this

mantle. The atriopore is not posterior in direc-

tion but lies close to the mouth and is forwardly

directed. The stomach opens near the bottom of

the pharynx, and the intestine takes a complete

turn and opens forward into the atrium. There is
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no notochord and no neural tube. Practically none of the structures

characteristic of the dorsal side of Amphioxus are present.

FISHES

The mouth opens directly into the capacious pharynx, which is per-

forated by five gill-slits and the paired spiracles. A short oesophagus

of large caliber leads into a U-shaped stomach (Fig. 438), v^hich in turn

Fig. 438.

A female dogfish in which the abdominal and pericardial cavities have been
opened from the ventral side, and the viscera somewhat displaced. The pericardium
has been opened slightly to the left of the middle line, and the right lobe of the
liver has been cut away.

ab.p., Abdominal pores; b., bile duct; c, cardiac limb of stomach; car., caudal
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communicates with the intestine through a valve-shaped opening con-
trolled by a sphincter muscle. The cardiac end of the stomach may end
as a blind pouch. The organ is often sufficiently distensile to permit one
animal to sw^allow another as large as itself. The intestine is short but
of large diameter and has a secreting surface greatly enlarged by a fold

in the shape of a spiral staircase (present, how^ever, in very few teleostei)

called the spiral valve. All primitive fish have this spiral valve. A large

bi-lobed liver, which is provided with a gall bladder and a bile duct,

opens into the intestine. The pancreas also pours its secretion into the
intestine.

TURTLES
The digestive system of reptiles varies somewhat in carnivorous

and herbivorous forms but in all turtles it is comparatively simple.

There are no teeth. The tongue is broad and soft and cannot be pro-

truded. The stomach is a simple U-shaped enlargement of the alimen-

tary tract. The intestine is without a caecum ; it is clearly divided into

large and small intestines. The cloaca is proportionately large.

AVES
The mouth is hard and narrow and the tongue is hard and often of

great functional value. The oesophagus, which has many large cornified

papillae, develops an enlargement called the crop. The stomach has

a proventriculus, which secretes the gastric juice, and a muscular gizzard

or gastric mill. The intestine is U-shaped, and is composed of duo-

denum, ileum, and rectum. Between the ileum and rectum there are

two caeca. The rectum opens into a cloaca. There are two bile ducts

but no gall bladder. The pancreas empties into the duodenum. The
intestine is longer and more coiled than in lower forms. In cyclostomes,

teleostomes, and all non-placental mammals, the intestine terminates in

a cloaca, as do also the urinary and genital ducts. In placental mam-
mals, in cyclostomes, and in teleostomes, the urinary and genital ducts

have a distinct and separate opening from that of the intestine.

MAMMALS
In all vertebrates (except birds and mammals) the coelom consists

of the following two compartments

:

artery; c.v., caudal vein; d, bursa Entiana; /./., falciform ligament appearing on
surface of left lobe of liver in which it is embedded; i., intestine; i.a., intestinal
branch of anterior mesenteric artery; /, lienogastric artery; not., notochord; ov.,

ovary; p., portal vein lying beside hepatic artery; ps., pancreas with duct opening
into intestine; py., pyloric limb of stomach; r., rectum, between hinder ends of
oviducts, with rectal gland (r.gl.) attached to its dorsal side; sh., right shell gland
on course of right oviduct; sp., spleen; .y^.c, spinal cord; Mr./>., urinary papilla;

v., branch of portal vein formed by junction of intestinal and splenic veins.
Besides the above, note—nostrils; oronasal grooves; mouth; pectoral and pelvic

fins; pericardial and abdominal cavities; heart, consisting of sinus venosus (behind),
ventricle, auricle (showing at sides of ventricle), and conus; cloaca, and transverse
section of tail, showing at the sides the myomeres, above the anterior dorsal fin,

and in the middle the cartilage of the backbone enclosing spinal cord, notochord,
and blood vessels. (After Borradaile.)
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(1) The pericardial cavity which contains the heart only.

(2) The pleuroperitoneal cavity which contains the other viscera.
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Fig. 439.

A dissection of the neck and thorax of a rabbit. The heart has
been displaced a little to the right, and the pericardium removed.

ao.a.. Aortic arch; c.c, common carotid arteries; c.sy., cervical
sympathetic nerve; d.ao., dorsal aorta; dep., depressor nerve; di.,

diaphragm; du.ar., ductus arteriosus; ex.f., external jugular vein; f.c,
point at which the common carotid divides; hy., hypoglossal nerve;
i.c.g., inferior or posterior cervical sympathetic ganglion; inn., innomi-
nate artery; i.v.c, inferior vena cava, lying in mediastinum; l.au.,

left auricle; /./., left lung; l.phr., \&i\. phrenic nerve; l.pl.c., left pleural
cavity; l.v., left ventricle; lar., larynx; ces., oesophagus in neck; (es\,

the same in mediastinum; p.c, posterior cornu of the hyoid; pul.a.,

pulmonary artery; pul.v., pulmonary vein; r.au., right auricle; r.d.,

ramus descendeus; r.l., right lung, one part bulging into mediastinum;
r.lar., recurrent laryngeal nerve; r.pl.c, right pleural cavity; r.v., right
ventricle; s.c.g., superior cervical sympathetic ganglion; s.lar., superior
laryngeal branch of vagus; s.v.c, superior vena cava; scl., subclavian
artery and vein; smx., submaxillary gland; t.m., tendon of mandibular
muscle; thy., thyroid gland; tra., trachea; v.g., vagus ganglion; vag.,
vagus; W.d., duct of submaxillary gland (Wharton's duct); X., XII.,
cranial nerves. (From Borradaile.)
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A partition, the transverse septum (Fig. 348), separates the two
cavities. In vertebrates lower than Anura, the pericardial cavity lies

cephalad to the pleuroperitoneal cavity. Beginning with the Anura,
the pericardial cavity comes to lie ventral to even the cephalic end of

the pleuroperitoneal cavity, because the heart and the pericardial cavity

descend and carry the transverse septum with them. This descent

causes the wall of the pericardial cavity, together with the transverse

septum, to form a sac—the pericardial sac—around the heart.

The part of the pleurocardial cavity dorsal to the heart later becomes
the pleural cavities.

The pleuroperitoneal cavity in birds and mammals divides into

anterior and posterior regions by a partition which descends from the

dorsal body-wall to unite with the transverse septum. This partition

is known as the oblique septum in birds and the diaphragm in mammals
(Fig. 439). In mammals this diaphragm contains a great amount of

striated muscle.

The coelom in birds and mammals has become divided into four

compartments : one pericardial, two pleural, and one peritoneal cavity.

While a dorsal mesentery supports the digestive tract in all verte-

brates, the ventral mesentery is absent in the adult except in the regions

of the liver and bladder.

In mammals, the mesentery of the stomach is prolonged posteriorly

to become the greater omentum. An ileo-colic valve and a single caecum

are usually found where small and large intestine meet in mammals,
although there are a few instances where there are two caeca. In some
edentates, in bats, in some carnivorous animals, and in many whales,

neither valve nor caecum are found.

The caecum in some rodents and marsupials grows as long or longer

than the animal's body (it is of great value in digestion here) while in

man, it degenerates into the vermiform appendix, the lumen of which

tends to close with increasing age.

The intestine and colon in mammals are straight tubes at first but

grow into folds later.

In monotremes the rectum terminates in a cloaca, as it does in the

Sauropsida. This condition also occurs in the young of all mammals,

but, in all of these, the urogenital and digestive openings become sepa-

rated later, and a perineal fold develops between the openings.



CHAPTER XXIV
THE RESPIRATORY SYSTEM

IN
the description of the frog it was stated that the trachea and

oesophagus have their beginning close together at the caudal end of

the pharynx which is also the beginning of the cephalic end of the

larynx. In the higher forms of animals, the trachea divides into two
bronchii. These bronchii again continually subdivide until there are

many tiny tubules, called bronchioles, spreading out to all parts of the

lungs. These bronchioles form a sort of an air-capillary system through

which the inspired air is sent to all parts of the lungs, there to assist in

aerating the entire pulmonary blood which has been sent to the lungs,

from the heart, through the pulmonary artery. In order that the oxygen

in the inspired air can come in direct contact with the blood itself, there

must be a rather thin, more or less porous, membrane separating the

blood and air.
^

The lungs, liver, spleen, and kidneys are known as parenchymatous

organs. It is well to bear this in mind constantly for many diseases

find their way from one of these organs to another. A parenchymatous

organ is more or less sponge-like and consists of loosely woven tissue

in which there are many porous openings. Such organs are invariably

supplied with great quanties of blood.

These organs, especially the lungs, have a decidedly thin membrane
surrounding the sac-like ends of the bronchioles. In the lungs the

oxygen passes through the thin walls to come into direct contact with the

venous blood which has been sent there through the pulmonary artery.

What has been said so far regarding the respiratory system applies

to vertebrates at large. However, those which live a part of their lives

in water have no lungs during that period and in this respect resemble

fish and other animals which spend all of their time in the water. In

such forms gills (also called branchiae) develop on the walls of some of

the visceral clefts (these are called gill clefts (Fig. 295) or branchial

clefts). The clefts come from the sides of the pharynx and begin as a

pair of pouches or grooves of the pharyngeal entoderm. As they then

extend toward the sides of the animal they push aside the mesoderm and
finally reach the ectoderm. The ectoderm and entoderm then fuse to

form a plate. This plate becomes perforated and thus connects the

pharynx with the exterior of the body by a number of openings. These
openings, or clefts, begin development at the cephalic end and succes-

sively continue caudad.

The visceral pouches, although developing in all verteberates, do
not as a rule break through in the mammals. In fact, the pouches may
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disappear without leaving any trace whatever, except a Eustachian tube

and the various ductless glands already mentioned. In the true verte-

brates fourteen pairs of these clefts is the largest number found. There

are more than this in Amphioxus and Balanoglossus. In the cyclostomes

there are usually seven (eight to seven in notidanid sharks, five or six

in teleostomes, and five in birds and mammals). In this numbering, the

oral cleft is not included, though there is some evidence that the mouth
arose by the coalescence of a pair of gill clefts.

The gill clefts do not form a serial repetition in the same manner

as does segmentation in other parts of the body, and it may even be that

the metamerism of the head is not of the same character as the

metamerism of the gill clefts. In the amniotes where gills are never

developed, the branchial pouches, or clefts, however, appear and bear

practically the same relation to the aortic and branchial arches as in the

lower forms. From this it is often assumed that all of these higher forms

which show this relation, have had ancestors with gills.

There is an interbranchial septum covered externally with ectoderm

and internally with entoderm between every two successive gill clefts.

The inner portion of this septum is composed of mesoderm which in its

earlier stages contains a diverticulum of the coelom. Later, blood-ves-

sels (aortic arches) and skeletal elements (visceral arches) are developed

in each septum. The visceral arches form on the splanchnic side of the

coelom and hence are not comparable to girdles or ribs.

In Cyclostomes and fishes, the gills are either filamentous or lamellar

outgrowths of epithelium, which have developed on both anterior and

posterior walls of the interbranchial septa. Each gill contains a loop

of blood-vessel. There are two very thin layers between the blood and

the surrounding water, which thus permit an exchange of gases.

The filaments (sometimes called

gill-plates) (Fig. 440) which bound
each gill anteriorly and posteriorly,

on one side, form a demibranch, and

it is the two demibranchs of a sep-

tum which then constitute a gill.

This means that each cleft is

bounded by demibranchs belonging

to two gills.

Some forms have external gill-

filaments in the very young which
are later absorbed.

In sharks that have more than

five gill clefts, as well as in the
'^' Cyclostomes, the first cleft bears

Diagram of a gill. a, gill-arteries; br, 'ii v . •
i v i

branchial ray; d, demibranchs; kb, cross sec- glUs, but m many clasmobrauchs, aS

^Z^' ('raftl Cuv"So
'"'^ '' "''""^^ '' well as in the ganoids (sturgeon and
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Polypterus), this cleft becomes smaller and smaller until there is only

a dorsal opening on the head—the spiracle. In most vertebrates this

spiracle is closed in the adult, but in the tailless amphibia and the higher

mammals the inner portion persists as the Eustachian tube and the

greater part of the middle ear.

There are two types of gills in fishes. Practically all the elasmo-

branchs, with the exception of the chimaeroids, have the interbranchial

septum well developed so that it extends beyond the demibranchs and

thus differentiates an excurrent canal in the cleft. The prolonged sep-

tum bends caudally at the outer end to protect the gills from injury.

In teleostomes and chimaeroids the broad fold of the posterior end

of the hyoid arch grows backwards over the clefts to form a gill-cover

or opercular apparatus. The gill-cover encloses an extrabranchial or

atrial chamber into which the clefts empty. The chamber opens by a

single slit behind the operculum.

In those instances, just mentioned, where an operculum is developed,

the interbranchial septum is always reduced in size until there is only a

slender bar from which the demibranchs extend into the atrial cham-
ber. The two opercular folds are usually continuous beneath the

pharynx.

In teleosts and ganoids the operculum (gill-cover proper) is usually

differentiated from a more ventral portion, known as the branchiostegal

membrane, which is quite flexible and possesses a skeleton of slender

branchiostegal rays. The ventral wall of the pharynx in these cases is

nothing but a slender bar and is called the isthmus.

Just as the air in the lungs in the higher forms of animals is taken

in through the outer air passages and then passes through the trachea,

bronchia, and bronchioles to the delicate septa in the lungs, so in animals

possessing gills there is likewise a delicate septum which separates the

blood from the stream of water which is constantly being passed over

the gills. Water is as a rule drawn into the mouth and then, as the

enlarged oral cavity contracts, it is forced out through the clefts, passing

over the gills on its way. In the Myxinoids the oesophageo-cutaneous
duct probably acts as the incurrent passage when the animal has the

front of the head immersed in the flesh of a fish. In the lampreys the

water is probably taken and forced out through the gill clefts when the

animal is attached to some object. The spiracle serves as an incurrent

opening in many elasmobranchs and is provided with a valve which
develops from the anterior wall. It closes to prevent any backflow.

Sturgeons and Polypterus have spiracles throughout life.

Sharks have the gill clefts on each side in the so-called neck region,

while skates have them on the lower surface of the body. This differ-

ence is brought about by the union of the anterior appendages with the

head in skates.

Many teleosts have breathing valves at the mouth-opening which
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permit water to enter but not flow out again. In such cases there is

a more posterior pair formed by the branchiostegal membrane closing

the opercular opening through which the outflow of water may occur.

In some of the teleosts and in such forms as Polypterus there is an
opercular gill with respiratory functions developed on the inner surface

of the operculum while in some of the elasmobranchs (even those in

which the spiracle is closed) pseudobranchs, composed of vertical folds,

are developed on the anterior wall of the cleft. These are homologous
with gills, but they are not respiratory as they receive only arterial blood
which passes from the pseudobranch to the choroid coat of the eye and
sometimes even to the brain.

AMPHIBIA

In the amphibia, although the gill pouches form just as they do in

fishes, the first and fifth never break through, while in nearly all adult

forms all the clefts are closed. Exceptions occur in perennibranchs and
the derotremes in which from one to three external openings persist.

In the tailed amphibia and in the caecilians, the operculum is merely

a fold of integument in front of the gill-area (Fig. 341). The operculum
develops without a skeleton support in the larva of tailless amphibians.

This fold grows backward over the gills and fuses. Thus atrial

chambers are formed which usually open by a single excurrent pore

to the exterior. In a few forms, however, both right and left excurrent

openings occur.

It is usually conceded that the gills of amphibia are of ectodermal

origin and that both external and internal gills may be present at the

same time. In the tailless amphibia, such as frogs, the operculum grows
over the gill clefts, and the external gills are folded into the atrial

chamber, where they are gradually reduced, while the gills which
developed from the walls of the clefts become functional. At the time

of metamorphosis, the clefts are entirely closed and the gills absorbed.

It has usually been taught that the gills of fishes are entodermal in

origin, but if this is true, they cannot be homologues of the amphibian
gills. However, the structures are so much alike in appearance, in struc-

ture, and in function, that it seems they must be homologous. Neverthe-
less, more evidence must be awaited before positive assertions of value

can be made.

It may be interesting, and with further knowledge some time it may
prove of value to note from the foregoing that amniotes have visceral

pouches in the embryo, though gills are never developed in the adult;

that reptiles have five of these pouches—birds and mammals four. In

man only the first breaks through to form a cleft, while in many of the

higher forms there are grooves on the outside of the neck which show
their original position. The manner of obliterating these external

grooves is as follows : The arches most cephalad, especially the hyoid,
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after enlarging, slide back over those lying more caudad so that at least

the external branchial grooves lie in a pocket called the cervical sinus.

This sinus is later closed by a process from the hyoid arch which extends

over it quite as in the development of Anura. Internally the entodermal

branchial pouches, with the exception of the first, disappear, but the first

persists as the Eustachian tube and the greater part of the middle ear.

THE SWIM BLADDER
The swim bladder arises as a diverticulum of the alimentary canal

remaining in contact with that canal by a pneumatic duct in the ganoids

and one group of teleosts (Physostomi) (Fig. 441). This duct, although
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Fig. 441.

Swim-bladders of those fresh-water fish whose air-bladders have
a duct (physostomous). A, Pickerel; B, Carp; C, Eel. h, swim-
bladder; d, duct; g, red gland; oe, oesophagus. (From Kingsley after
Tracy.)

usually emptying into the oesophagus, may connect with the stomach.

However, in most teleosts the duct disappears entirely at an early date.

The swim bladder lies dorsal to the digestive duct outside of the peri-

toneum, although below the vertebrae and excretory organs. It may be

of almost any dimensions, sometimes extending the entire length of the

body. In some forms of teleosts, which remain almost constantly at the

bottom, it is entirely absent. The swim bladder, although usually

unpaired, is paired in most ganoids and may even form three divisions of

connecting sacs. There may be diverticula of any and all kinds. The
internal part of it may be smooth and simple, or it may be subdivided by

various septa, or it may even be alveolar like the lungs of higher

vertebrates. There may be striated muscle fibers in the walls. In some
Siluroids and Cyprinoids the walls are even partly calcified because some
of the vertebral processes are included in the walls.

The blood supply of the swim bladder is arterial and comes from

either the aorta or the coeliac axis ; sometimes different portions receive

blood from both these vessels. The arteries break up in the walls to

become networks of minute vessels known as retia mirabilia. These

often form "red spots" on the inner surface. From the retia the blood

passes to the postcardinal, hepatic, or vertebral body-veins in the ganoids

and physostomous species, especially in those wnth a wide pneumatic

duct.

The swim bladder contains a greater quantity of Oo than is found

in solution in the water in which the fish lives. It is therefore probably

a storage organ for O2 for use when the fish dives to lake bottoms in
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the summer for food. This can be understood the better when it is

remembered that there is no O2 at all at the bottoms of lakes in summer.
The swim bladder is supposed to make it possible for its possessor

to regulate its equilibrium while in its watery medium. This supposition

has the following facts upon which to rest its validity : ground-feeding

teleosts do not have it, but those who must adjust their position in such

a way as to obtain the requisite food do have it, while in many of these

there is a diverticulum from it to various portions of the ear.

LUNGS AND AIR DUCTS
In all the higher forms of animals and in some few fishes—dipnoids

—the lungs arise as an outpushing from the ventral side of the pharynx
immediately behind the last gill pouch. This outpushing divides almost

immediately into a right and left half, and just as the outgrowing from
the digestive tract carried the covering of that tract before it, so, too, a

peritoneal covering is carried before the respiratory organs.

As development goes on, the growing part protrudes into the coelom

so that the parts lying therein have an entodermal lining which was
derived from the epithelium of the pharynx, while the outer layer of

peritoneum is serous mesenchyme carrying blood and lymph vessels as

well as nerve and smooth-muscle fibers between the two. That portion

of the respiratory system from the pharynx to the lungs consists of

trachea, bronchi, and their accessories. These together constitute what
are commonly called air ducts. The lungs are treated as distinct from
these.

On the ventral side of the trachea, in air-breathing animals, there

is a separation which forms the larynx (Fig. 442), the beginnings of which
can be studied in amphibia, in the lower forms of which a simple pair

of cartilages are developed on the sides of the glottis (the glottis simply
being an elongated slit connecting the pharynx with the air ducts). These
cartilages develop in the position of a reduced visceral arch. In other

forms, such as the Urodeles, the more cephalic ends of the lateral car-

tilages separate from the rest and form an arytenoid which is the first

of the laryngeal cartilages, and is imbedded in the walls of the glottis.

The remaining lateral cartilages may remain as they originally develop
or divide into any number of pieces. However, the more cephalic pair

of these pieces often fuse in the mid ventral line to form the cricoid,

which is the second element of the laryngeal framework. Attached to

these cartilages there are various antagonistic muscles which make it

possible to open and close the opening.

The vocal cords are formed by a pair of folds of the laryngeal lining,

which extend parallel to the margins of the glottis. Sound is produced

by the vibrations caused by the air passing over these cords as they are

relaxed or tightened in different degrees. The larynx is quite rudimen-
tary in reptiles and birds. In the latter the syrinx, shortly to be

described, takes the place of the larynx.



Respiratory System 339

In the mammals, one or more thyroid cartilages are added on the

dorsal side to those already described. In the monotremes, the hyoid

apparatus and the larynx are most intimately connected, but in the

higher forms of mammals, such an association is not so intimate even in

the embryo.

The thyroid cartilage forms a half ring on the ventral side of the

anterior end of the larynx in the higher mammals. The anterior dorsal

angles form cornua which connect with the hyoid by a ligament. Dorsal

lig ly crit

'

Fig. 442.

A, Muscles of larynx (voice box) of Rana esculenfa. Dorsal view, aryt.,

arytenoid cartilage; dil.lar., dilator muscle; hy.lar., hyo-laryngeus muscle;

lig.i.cric, intercricoideum ligament; s., tendon of posterior sphincter muscle;

sph.ant., anterior sphincter muscle; sph.post., posterior sphincter muscle.

(After Gaupp.)
B, Laryngeal apparatus of a Turtle, ar, arytenoid; b^--, first and second

branchial arches; cr, cricoid; d, dilator laryngis muscle; g, glottis; h, hyoid;

he, hyoid cornua; sph, sphincter laryngis; tr, trachea. Cartilage is dotted,

bone is black. (From Kingsley after Goppert.)

to the thyroid is the glottis with the arytenoids in its walls. Posterior

to the glottis is the ring-shaped cricoid which is followed by the trachea.

Anterior to the glottis lies the epiglottis which is a fold of mucous mem-
brane supported by an internal cartilage which articulates with the

anterior margin of the thyroid. The epiglottis usually stands erect, thus

leaving the glottis open during respiration, while during deglutition it is

pulled back into the glottis, supposedly preventing the entrance of food

into the trachea, but there are numerous cases on record where the epi-

glottis has been removed and such individuals seem to have no difficulty

with their food getting into the ''wrong throat."

The cavity of the larynx bears a vocal cord internally on either side.

These are folds of the mucous membrane which extend from the thyroid

to the arytenoids. By moving these latter cartilages they can be
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tightened or relaxed to alter the pitch of the note caused by their vibra-

tion. A pocket lies anterior to the cords, the laryngeal ventricle (sinus

of Morgagni), one on each side, quite small in most mammals but w^ell

developed in the anthropoid apes to large vocal sacs. In the chimpanzee

there is a median vocal sac in addition. These act as resonators and add

strength to the voice.

The larynx is prolonged in w^hales and marsupials so that it projects

into the choana behind the soft palate. This is an adaptation to the

manner of taking food from the v^ater and breathing at the same time

in the v^^hales. In young marsupials the milk is forced into the mouth
by the muscles of the mammae of the mother; an arrangement that

prevents strangulation.

The trachea (Fig. 442) in the higher forms has a series of cartilagi-

nous rings forming its vv^alls. It varies in length and size as well as in

the quantity of cartilage which strengthens its walls in the different

genera. It is, as a rule, shortest in lizards and often convoluted in turtles.

The cartilaginous rings may be entirely complete or the dorsal part of

the ring may be of membrane. It is usually longest in birds.

It is interesting to note that the larynx never forms the voice organs

of birds. In this form of animal life, the sound producing parts are

formed from membranes which also vibrate by the passage of air but

the voice organ is located at the point where the trachea divides into

bronchi and is known as a syrinx (Fig. 443). The most common form

of this organ is that in which the last rings of the trachea unite to form

a resonating chamber, the tym-
y' sp!b panum, while folds of mem-

tfJ.J brane, called internal and ex-

ternal tympanic membranes
(not to be' confused with the

similarly named structure in

the ear), extend into the cavity

from the median and lateral

wall of each bronchus.

In some instances there is

also an internal skeletal ele-

ment, called a pessulus, bearing

a semilunar membrane on its

lower surface. This type of

syrinx may be symmetrical

and may even form a bony
resonating vesicle. There are

various muscles attached to

trachea and bronchi, which per-

mit an alteration of the tension

of the folds in all forms of

Fig. 443.

Columba livia. The lungs with the posterior end
of the trachea, ventral aspect. a.in., aperture of

anterior thoracic air-sac; br., principal bronchus;

fcr' .hr." hr'"., secondary bronchi; p, aperture of ab
dominal air-sac; p.a., pulmonary artery entering

lung; p.in., aperture of posterior thoracic air-sac;

p.v., pulmonary vein leaving lung; sh.b., aperture

of interclavicular air-sac; sp.b., aperture of cervical

air sac; sy., syrinx; tr., trachea. (From Parker's

Zootomy.)
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the syrinx so as to make possible a change in the sounds uttered.

In mammals the cartilaginous rings of the trachea are dorsally

incomplete ; this position being closed by membrane. A structure of this

kind permits the tube to remain open and yet also permits it to "give"

a little when food passes down behind it through the oesophagus.

THE LUNGS
In the lung fishes there is visually a single sac, although several

types of these animals have paired lungs. The pulmonary arteries spring

from the last efferent branchial artery of both sides. The blood supply,

therefore, under normal conditions is arterial, and the lungs cannot act

as respiratory organs. In times of drought (Protopterus), or when the

water is fouled (Ceratodus), the gills no longer function, and the pul-

monary arteries bring venous blood to the lungs.

In amphibia the two lungs are elongated. They are united at their

bases though true bronchi are absent. They may or may not have
alveoli. In the frog the two lungs are distinct, the walls being divided

into a series of sacs or infundibula lined with alveoli. The infundibula

open into a central chamber, which, since it is ciliated and has numerous
glands in its walls, may be compared to a bronchiole.

In those terrestrial urodeles which are lungless in all stages of

development, no traces of larynx or trachea occur at all, even after the

gills are absorbed. In such species there is a considerable development
of capillaries in the skin as well as in the walls of the mouth and pharynx,
so that the respiratory functions are transferred to these parts. In the

frog, as already shown, the skin is respirator}^ and largely supplied by
the cutaneous arteries arising from the same arch as the pulmonary
arteries.

The air ducts enter the anterior end of the lungs in amphibia, while
in higher forms the lungs extend anteriorly to the entrance of the
bronchi on the medial side. This change is in part the result of the
transfer of the heart into the thorax, due to the position of the pulmonary
arteries which force the bronchi toward the center of the lungs. In
amniotes, also, the ducts are characterized by the presence of cartilage

in their walls, so that they are true bronchi. The bronchi may extend
inside of the lun^s and divide into secondary and tertiary bronchi.

The lungs of reptiles are often non-symmetrical ; sometimes one is

even absent. In the snakes the lungs consist of a single sac lined with
infundibula either in part or throughout. In the lizards there are one
or more verticle septa dividing the lung into chambers Hned with alveoli
while a part of the bronchus may extend to the extremity of the lungs.
The septa in the chameleons do not reach the distal wall ; consequently,
the chambers communicate so that the bronchus enters a cavity known
as the atrium. This connects with the various chambers separated by
the septa and these in turn open into a terminal vesicle. This whole
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structure seems to anticipate the parabronchi—the small uniform sized

air-tubes in the lungs of birds, which connect the larger secondary

branches of the bronchial tubes. This resemblance is increased by
the development in these same lizards of long, thin-walled sacs from

the posterior part of the lungs, which extend among the viscera, even

into the pelvic region. The air sacs are used to inflate the body. It is

well to remember and apply what has just been said to the study of simi-

larly named structures in the bird. In turtles and crocodiles there is no
atrium and the whole lung has a spongy texture. The bronchus in turtles

enters on the ventral side of the lung and not as in lizards in the medial.

SUMMARY OF THE RESPIRATORY SYSTEM
BALANOGLOSSUS

The pharyngeal clefts take the form of gill sacs, each of which opens

into the pharynx in a U-shaped slit, resembling that of Amphioxus, and
opens to the exterior by a small pore. These gill-slit openings to the

pharynx are supported by thin, chitinous bars resembling the gill bar

system of Amphioxus.

FISHES

The characteristic respiratory organs of aquatic vertebrates are gills

or branchiae. Gills are finely divided comb-like outgrowths of the ecto-

dermal or endodermal epithelium lining the branchial clefts. The num-
ber of clefts or gill slits vary from five to seven in number. Each cleft

is separated from its neighbor by branchial septa. The more primitive

the fish, the larger number of branchial clefts it is likely to have. The
modern types have regularly five clefts. Heptanchus, sometimes men-
tioned as the most primitive living species of shark, has seven clefts,

while Hexanchus, another primitive shark, has six, and elasmobranchs in

general have five fully developed clefts and a vestigial anterior first cleft

called a spiracle.

The spiracle is the rudimentary first cleft, which is also found

among the most primitive teleostomi (Crossopterygii and Chondrostei).

It is present in the embryos of Teleostei and Holostei, although here it

is closed before hatching. In the Halocephali, an aberrant group of

elasmobranch fishes, the fifth cleft is closed in the adult, which reduces

the number of functional clefts to four. The cyclostomes have on the

whole a larger number of clefts than the true fishes. However, the hag-

fishes (Fig. 366) of the family Myxinidae have no more than six pairs,

while those of the family Bdellostomidae (Fig. 366) have as many as

fourteen pairs, and the lampreys all have seven pairs.

The direction of change in fishes appears to be one of reduction in

the number of clefts from fifty or more in Amphioxus (Fig. 437) and
Ascidians (Fig. 313), to fourteen to six in the cyclostomes, seven to five

in the true fishes, and four in the Holocephali.
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The openings of the clefts to the exterior differ in different groups

of fishes. Among the elasmobranchs each cleft usually opens separately

and is not covered by any flap or operculum, although in Chlameidose-

lachus, the primitive frilled shark, each cleft has a backwardly directed

flap or gill cover. The first three clefts in the Holocephali are covered

by an operculum, and only the fourth, or the last functional, cleft opens

freely to the outside. In the great majority of teleostomi and in the

Dipneusti, the five clefts are covered with a flap-like operculum, capable

of opening and closing, thus effectively protecting the branchial filaments

from injury. In some of the eels and in other specialized teleosts, the

gills are completely covered w^ith a fold of skin, the only exit being

through one or two small water pores. There are two quite different

and distinct kinds of gills found among fishes, namely: external and
internal gills.

External gills are purely larval or embryonic organs. They are not

functional in any adult fish. Their homologues are found in the perenni-

branchiate amphibia and are believed to be paedogenetic or permanent
larval types. External gills are finely branched processes of the ectoder-

mal epithelium of the branchial tract. They are found in the embryos
of many elasmobranchs and in some teleosts. A notable case of larval

gills is seen in the advanced larva of Polypterus (Fig. 368).

The true functional gills of adult fishes are internal. They are finely

divided diverticula of the endodermal epithelium of the branchial clefts.

The nasal cavities are blind sacs which do not communicate with the

mouth. Such communication begins with amphibia.

THE AIR-BLADDER AND ACCESSORY ORGANS OF
RESPIRATION

In all of the groups of fishes above the elasmobranchs there is a

single, or paired, air-bladder (probably homologous with the lungs of

higher forms), a sac-like diverticulum of the pharynx, derived from

either dorsal or ventral sides of the alimentary tract. It is in all cases

supplied with blood from the pulmonary artery (which, in turn, arises

from the last" efferent artery of either side), and, primitively at least,

subserves two functions: (1) that of a hydrostatic or buoyancy organ,

and (2) that of an accessory respiratory organ or primitive lung. In

the most primitive teleostome fishes, the Crossopterygii, it is used as a

lung when the water is foul ; in Amia, it is constantly functional as an

air-breathing apparatus; while in the Dipneusti (lung-fishes), it is an

elaborately pouched lung used to tide the fish over a period of drought.

In certain other fishes that have acquired terrestrial habits, such

as the climbing perch, Anabas (Fig. 371), which will drown if immersed
in water, and the air-breathing eel, Clarias, there is an extensive post-

branchial chamber, provided with labyrinthine, or arborescent, elabora-
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tions of the epithelium that are highly vascular and play a pulmonary

role.

DOGFISH

Here branchial respiration is carried on in the six pairs of branchial

clefts. These branchi are primitive respiratory organs, consisting of

mere diverticula of mucus membrane, richly vascular, and supported by
cartilaginous processes called gill-rays. The w^ater enters the mouth
and is forced out through the gill slits. In doing so it aerates the gill

filaments, and provides oxygen for the blood v^hich circulates rapidly

through them.

AMPHIBIA

External gills are found in the perennibranchiate urodeles (Fig.

374) throughout life and in practically all amphibians v^hile in the larval

stage.

The epithelium covering these external gills is ectodermal so that

they are really cutaneous and not pharyngeal gills. They are, therefore,

of a totally different nature from the so-called external gills of the

embryos of Elasmobranchs and Holocephali, in which case the external

gills are only filaments of the internal gills prolonged through the

branchial openings.

Internal gills develop only in the larvae of Anura and are probably

homologous with the internal gills of fishes although even here the

epithelium may be ectodermal. In many species of Salamanders, lungs

are absent, but in most amphibians, they develop as ventral outgrowths
from the oesophagus. The left is usually the longer. The lungs are

united at their base, although true bronchi are absent. In the lungless

Salamanders respiration is exclusively cutaneous and pharyngeal. The
lungs are supposed to have secondarily disappeared in these animals.

The air ducts enter the anterior end of the lungs in amphibia, while in

amniotes the lungs extend cephalad to the entrance of the bronchi which
is on the medial side. This change is due to the transfer of the heart

into the thorax so that the pulmonary arteries then force the bronchi
toward the center of the lungs. The ducts in the amniotes have cartilage

in their walls; they are thus true bronchi. These bronchi often extend
into the lungs where they divide into secondary and tertiary bronchi.

REPTILIA

Gills are absent and gill-slits disappear in all animals higher than
Urodeles. The lungs are large and complicated and often non-symmet-
rical; sometimes one is lacking. In the snakes, the lungs consist

of a single sac lined with infundibula either in part or throughout. In

the lizards there are one or more vertical septa dividing the lung into

chambers lined with alveoli, while a part of the bronchus may extend
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to the extremity of the lungs. In the chameleons, the septa do not reach

the distal wall ; consequently, the chambers communicate so that the

bronchus enters a cavity known as the atrium. This connects with the

various chambers separated by the septa, and these in turn open into a

terminal vesicle. This whole structure seems to anticipate the

parabronchi—the small uniform sized air-tubes in the lungs of birds

—

which connect the larger secondary branches of the bronchial tubes.

There develop in these lizards long, thin-walled air-sacs from the

caudal portion of the lung. These extend among the viscera even into

the pelvic region. The air sacs are used to inflate the body. In turtles

and crocodiles there is no atrium, and the whole lung has a spongy
texture. The bronchus in turtles enters on the ventral side of the lung
and not as in lizards on the medial.

Inhalation and exhalation are effected partly by drawing in the neck
and thrusting it out agam so as to decrease and increase the volume
of the thoracic cavity. The air is also swallowed into the lungs by filling

and then emptying the throat.

BIRDS

Birds have large lungs each of which possesses nine small air-sacs.

The air enters the bronchi and passes to the air-sacs. The air is thus
warmed before being taken into the alveoli of the lungs. It makes its

exit through the excurrent bronchi. A complete change of air occurs at

each inspiration and expiration. The trachea and the larger bronchi are

kept open by means of rings of cartilage; the trachea is enlarged, just

before it divides, into a syrinx or voice box (Fig. 443), a structure limited
to birds, in no way homologous with the larynx of mammals. The
mechanics of voice production in birds depends upon forcing the air

through a flexible valve which is set into vibration. The lungs also
connect with visceral air-sacs and with air-spaces in the bones.

MAMMALS

There are two points of view regarding the relation of mammalian
lungs to the respiratory apparatus of the lower forms of animals.
One view holds that the lungs are merely a further development of the
air-bladder of fishes; the other insists that they are more likely to be
modified gill-pouches which have grown caudally into the coelom instead
of opening to the exterior by growing laterally.

The fact, however, that the pneumatic duct is dorsal in position and
the blood supply is arterial makes the first view seem improbable. The
latter view is supported by the fact that the lungs are paired outgrowths
from the pharynx immediately caudal to the last gill clefts and in serial

order with them. The blood supply from the sixth arterial arch would
be in full accord with this view. Then, too, both in the earlier stages
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and in the primitive forms, the skeletal support of larynx and trachea

has the relations and appearance of rudimentary gill-arches, while the

muscles surrounding this region are modified from those of the visceral

arches.

Each lung is enclosed by a pleural membrane and the pleural cavity,

in v^hich it lies, is cut off entirely from the rest of the coelom by

the muscular diaphragm. This muscle usually lies transverse to the

main axis of the body. It is attached close to the inner margin of the

lower ribs and extends headward as a sort of tent or dome. The lungs

may be divided into lobes and lobules. The right one usually has the

greater number. In whales, elephants, and odd-toed ungulates there

may be no lobules at all. In the monotremes only the right lung has

lobes.

From the main bronchial tube there are dorsal and ventral sec-

ondary bronchi ; the ventral redivide. When the more cephalic bronchi

lie in front of, or above, the pulmonary artery, they are called eparterial

bronchi while the others are known as hyparterial.

Respiration is made up of inspiration and expiration. This has

already been described in the study of the frog. Little is known regard-

ing this process in turtles and other reptiles. In birds, the lungs are

definitely attached to the ribs and vertebrae so that with every motion

there is both a change in shape and size.

In the mammals, the ribs lie at an oblique angle to the vertebral

column. As the intercostal muscles are contracted and relaxed, the ribs

turn slightly and can increase and diminish the size of the thoracic

cavity.

The diaphragm forms a complete partition between the thoracic and

abdominal cavities and aids materially in respiration as it flattens when
contracted. This increases the size of the pleural cavity and draws in air

through the trachea. The abdominal muscles likewise play a part.

Expiration is caused in part by the action of the intercostal and abdo-

minal muscles and in part by the elastic tissue and smooth muscles in

the lungs themselves.

ACCESSORY RESPIRATORY APPARATUS

It will be recalled that the entire respiratory tract grows from the

primitive digestive tract. It is, therefore, not difficult to understand

that there are certain fishes which use a caudal portion of the diges-

tive tract for respiration. In Cobitis, water is drawn in and expelled

through the anal opening. The more caudal end of the digestive canal

is very vascular and is used in respiration.

Among the amniotes, the lungs are not functional either before

hatching or before birth. Still, oxygen is necessary for the development

of the embryo and the carbon dioxide which has formed must have an
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outlet. The or.an used for ^;<^^^i^ft^i:::^^S
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«^^^/S^,hfdgesSe canal which has already

lum from the more <=^"d^^'
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mals The basal part, however, persists as the urinary



CHAPTER XXV
THE CIRCULATORY SYSTEM

TO understand the modern interpretation of the circulatory system,

it is necessary to have clearly in mind what is called the prob-

able ancestral condition of this system in the lower forms of

animals. Thus one may observe how in each of the succeeding higher

forms something is added to the development of the animal of the next

succeeding scale below.

Some have thought that the original circulation consisted of a

lymphoidal liquid alone and, then, as time went by, this type of circula-

tion specialized into what we now term a blood circulation. It is thus

supposed that the lymph vessels, as we find them in modern forms of

living animals, furnish a clue as to how the primitive systems of vessels

appeared. It is all quite speculative, however. Another explanation,

which has more plausibility in its favor, is that the main blood vessels

are the remnants of the segmentation cavity which have become oblit-

erated by the growth of mesoderm ; the part not obliterated then became

the blood vessels.

In any explanation that is built upon the Haeckelian ''law" of bio-

genesis there not only remains much to be explained but various occur-

rences even must be explained away. In this theory, it is supposed that

much of the race history has been lost in development, while a develop-

ment of additional vessels of various kinds has covered up some of the

older developmental processes.

Many blood vessels, which should arise as fissures between other

tissues, are found to be formed as solid cords of cells. These may later

form a lumen and be converted into tubes ; in other instances vessels

which originate separately in the embryo may fuse together during

development to form a single one.

There are various main points, however, which must be understood

in any discussion of the blood system (Fig. 444, A, B). There is a

dorsal tube carrying the blood toward the tail. From this tube various

vessels extend toward the right and left at almost right angles through

the dorsal tube. Those that pass toward the outer side of the animal are

called somatic, while those that pass toward the inner region are called

splanchnic vessels. These transverse vessels connect with two ventral,

longitudinal tubes, one of which is in the wall of the digestive tract

which runs headward and unites with the other one which has passed

through the ventral body wall, so that, after the union of the two, a

single tube is found coursing to the head end of the body. In one of the

lowest forms of chordates, namely, the Amphioxus, various parts of this

system develop muscle walls and then act as pumping organs.
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Comparisons of Circulatory systems. A, a diagram of the vascular system of

Amphioxus, from the right side. a.b.a., Afferent branchial arteries; ar., carotid

continuations of the suprabranchial arteries; cons.s., contractile swellings on the
afferent branchial arteries; d.ao., dorsal aorta; eff.br. a., efferent branchial arteries;

hep.v., hepatic vein; int., intestine; Ir., liver; m.v., "moniliform" vessel from left

carotid; nph.pl., nephridial plexus; ph., pharynx; s.i.v., subintestinal vein; sbr.a.,

suprabranchial arteries; tr.y., transverse vessel joining the carotids; v.ao., ventral
aorta; v.cr., vessels of cirri; v.sy., vessels of synapticulae ; v.t.b., vessels of tongue-
bars.

B, A diagram of the arterial system of a dogfish, seen from the right side.

a.h.a., Afferent branchial arteries; a.mes., anterior mesenteric artery; c.c, common
carotid artery; cd., caudal artery; coel.a., cceliac artery; d.ao., dorsal aorta; e.b.a.,

efferent branchial arteries; e.c, external carotid artery; epibr., epibranchial
arteries; ht, heart; hep., hepatic artery; hy.a., hyoidean artery; (this joins the

internal carotid of the opposite side, which is not shown) ; i.e., internal carotid
artery; il.a., iliac artery; In.g., lienogastric artery; p.c, posterior carotid artery;

p.mes., posterior mesenteric artery; ren., renal arteries; scl.a., subclavian artery;

v.ao., ventral aorta. (From Borradaile.)

C and D, Comparison of the venous systems of the dogfish and a teleost. anas,
anastomosis between the two posterior cardinals; ao.v., ventral aorta; atr., atrium;
brach, brachial vein; card.ant. and card. post., anterior and posterior cardinals;

caud, caudal vein; cl, ploacal vein; con.art., cpnus arteriosus; duct.cuv., duct of

Cuvier; hep, hepatic vein; hy, hyoid vein; il, iliac vein; jug.inf., inferior jugular
vein; lat, lateral vein; leb, liVer; mand., mandibular vein; n., kidney; port., hepatic
portal vein; port. ren., renal portal vein; segm., segmental veins; s.int., subintestinal

vein; sin.hy., hyoid sinus; into which the veins from the mandibular and hyoid arches
open; sin. orb., orbital sinus; sin.ven., sinus venosus; sperm, spermatic vein; subsc.,

subscapularis vein; subcl., subclavian vein; schw.bl., veins of the swim-bladder;
ventr., ventricle. (Both figures from Boulenger, A after Parker.)

E, A diagram of the venous system of the dogfish, a.c.s.. Anterior cardinal
sinus; c.v., caudal vein; d.C, ductus Cuvieri; h.p.v., hepatic portal vein; h.s.,

hepatic sinus; hy.s., hyoidean sinus; i.j.s., inferior jugular sinus; i.o.s., interorbital

sinus; U.S., iliac sinus; int., intestine; k., kidney; lat.s., lateral sinus; Ir., liver;

n.s., nasal sinus; or.s., orbital sinus; p.c.s., posterior cardinal sinus; r.p.v., renal
portal vein; s.v., sinus venosus; scl.s., subclavian sinus. (From Borradaile.)

F, A diagram of the principal arteries
_
and veins of a pigeon, ao.. Aortic

arch; Br. a., brachial artery; Br.v., brachial vein; C, carotid artery; cm.,
coccygeo-mesenteric vein; d.a., dorsal aorta; F, femoral vein adjoining femoral
artery; h.v., hepatic veins; il., internal iliac artery and vein; i.v.c., inferior vena
cava; ;., jugular vein; La., left auricle; P., right pulmonary artery; Pc.a., pectoral
artery; Pc.v., pectoral vein; ra., right auricle; rp., hypogastric vein; rv., renal
vein; sc., sciatic artery and vein. Near the apex of the ventricle the coeliac and
anterior mesenteric arteries and the epigastric vein are shown, but not lettered. At
the hinder end of the figure the caudal and posterior mesenteric vessels are shown,
but not lettered.

G, The circulatory system of the rabbit, (a) Letters to right

—

e.c.. External
carotid; i.e., internal carotid; e.j., external jugular; scl.a., subclavian artery;
scl.v., subclavian vein; p.a., pulmonary artery (cut short); p.v., pulmonary vein;
L.A., left auricle; L.V., left ventricle; d.ao., dorsal aorta; h.v., hepatic veins; c,

coeliac artery; a.m., anterior mesenteric; s.r.b., suprarenal body; l.r.a., left renal
artery; l.r.v., left renal vein; K, kidney: p.m., posterior mesenteric artery (incor-
rectly shown as if paired); spm., spermatic arteries and veins; c.il.a., common iliac

artery. (&) Letters to left;

—

p.f. and a.f., posterior and anterior facial; e.j., external
jugular vein; i.j., internal jugular; R.Scl., right subclavian artery; S.V.C, superior
vena cava; R.A., right auricle; R.V., right ventricle; I.V.C, inferior vena cava;
r.r.a., right renal artery; r.r.v., right renal vein; s.r.b., suprarenal body; spm.,
spermatic arteries and veins; il., ilio-lumbar vein; f.v., femoral or external iliac vein;
i.il.v., internal iliac veins. (From Thomson.)

H, Diagram of intercostal (intersegmental) arteries.
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In all vertebrates the heart lies on the ventral side of the digestive

tract covered by a pericardial sac. This sac is really a part of the

coelomic lining. The various large blood vessels, carrying blood frorn

the heart to the general system, are known as aortae and the large veins

returning the blood directly into the heart are usually called venae cavae.

The ventral aorta gives off various pairs of vessels called the aortic

arches which are situated on each side of the pharynx in the grooves

called the gill septa. These arches run from the ventral aorta around
the digestive canal to the dorsal side where they unite to form a long-

tudinal canal. That is, the arches along each side form a separate canal

at first; then the two canals unite to form the dorsal aorta, which runs

caudad the entire length of the body. There may be, and usually are,

various small arteries arising from any or all of these arterial arches.

It is necessary that the student know what becomes of the aortic arches

and in what groups of animals certain ones disappear and others remain

functional. The first pair of arches lying toward the head end give rise

to both the internal carotid artery which goes to the brain, and the

external carotid supplying the more superficial portion of the head. The
arteries which arise from the dorsal aorta are either somatic or splanch-

nic, that is, either supply outer or internal portions of the body. Exam-
ples of somatic blood vessels are the intercostal (intersegmental) arteries

running between the ribs. The mesenteric arteries, which are distributed

primarily to the alimentary canal, are of the splanchnic type.

The subclavian artery, which supplies the arms of the animal, and
the iliac artery, which supplies the hind limbs, are some of the larger

and more common of the somatic arteries.

The splanchnic or visceral arteries do not show much trace of seg-

mentation. They are distributed to the walls of the digestive tract. Two
pairs, however, of these vessels are of special importance, namely, a pair

of omphalomesenteric arteries in front and a pair of hypogastric

arteries (internal iliac) near the origin of the iliac arteries (Fig. 450).

There are really no end arteries or veins. All arteries carry blood

to certain parts of the body through minute capillaries which then

anastamose with the venous capillaries which drain the various parts

the arteries supply.

The head is drained by a pair of jugular veins easily seen above
the mouth. In fishes there is also a pair of inferior jugulars in the

region of the lower jaw and the lower side of the gill arches. These
veins run caudad to the level of the sinus venosus where they are joined

by a post-cardinal coming from the excretory organs. The jugular and
post-cardinal on each side unite to form a trunk which runs transversely

and empties into the sinus venosus. This is called the Cuvierian duct.

A pair of omphalomesenteric veins enter the sinus venosus from the

caudal side. These are continuations of a subintestinal , vein running
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alongside the liver after having passed along the ventral side of the

digestive tract. This subintestinal vein forms a loop around the anal

opening and extends to the end of the tail as the caudal vein. The sub-

clavian vein from the arm may empty either into the jugulars or the post-,

cardinal near the Cuvierian duct. The blood from the hind limb leaves

by an iliac vein on each side and runs forward on the lateral body wall.

It is called the lateral abdominal vein. This also enters the Cuvierian

duct.

Omphalomesenteric and subintestinal veins belong to the visceral

or splanchnic group. The others are somatic. The vessels mentioned

are important and should be known thoroughly because they develop

very early in the embryo, and, practically all later developments as well

as modifications that take place in them, can only be discussed intelli-

gently when the basic structures just mentioned are known. There is

probably no more variable system in the body (even in the same species)

than the vascular.

DETAILED STUDIES
THE HEART

The heart itself is a muscle with a distinctive cellular structure.

This cellular structure is a sort of "cross" between voluntary and invol-

untary muscle. The muscle fibers are striated but run in a syncitial

form (Fig. 23, Vol. I). The muscular walls of the heart itself are known
as myocardium. The inner layer of the heart, corresponding to the endo-

thelium of the blood vessels and continuous with them, is called endo-

cardium, while the covering of the heart is known as the pericardium.

Lying between the myocardium and the pericardium is a serous liquid

called pericardial fluid.

We have already discussed a part of the embryonic method of heart

development, but it is necessary here to enter into more detail. The
lateral plates of the walls of the coelom grow centrally beneath the

digestive canal. There are four regions discernible in these lateral

plates, namely : the splanchnic or visceral, the mesenterial and somatic

walls, and the coelomic cavity.

Between the coelomic walls and the endoderm, one may observe

various cells called vascular cells. It is supposed that they find their

origin from the mesothelium. Those that lie most dorsalward assist in

forming the dorsal blood vessels while those lying ventrad contribute

to the heart and the ventral trunks. The two lateral plates just men-

tioned continue until they meet in a ventrad region. This forms the

ventral mesocardium (Fig. 344). A little later the dorsal region comes

together to form the dorsal mesocardium so, that now, that which was
formerly a groove has become a definite tube. The ventral fusion has

disappeared so as to leave the dorsal part attached; this causes the two

coelomic cavities to unite and form the pericardial cavity.
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In turtles and crocodiles there is a small portion of this ventral

mesocardium remaining, which connects the apex of the heart to the

pericardial wall. The walls of this tube are now called the myoepicardial

mantle, and the vascular cells enclosed within this mantle form a con-

tinuous sheet and become the endocardium or lining of the heart.

There are still some vascular cells cephalad and caudad to this

tubular heart. These furnish a lining for the blood vessels which arise

from the edges of the lateral plates and connect with the heart. The
first vessels toward the head end (the anterior pair) become the man-
dibular arteries, while those lying caudad to the heart (the posterior)

are called the omphalo-mesenteric veins.

It is at this time also that immediately cephalad to the omphalo-
mesenteric vein a transverse tube appears on each side connecting with

the heart tube. These tubes are the ducts of Cuvier. The ridge, where
the Cuvierian ducts grow, becomes larger until it forms a transverse

partition known as the septum transversum (Fig. 348). It is this septum,

or partition, which separates the heart cavity or pericardial region from

the abdominal or peritoneal cavity. In the myxinoids and elasmobranchs

this septum never completely closes dorsally but leaves one or two
openings known as the pericardio-peritoneal canal.

Where the early embryo is closely appressed to the very large yolk

sac, as in the bony fishes and in all amniotes, the development of the

heart is modified. The pharynx is not complete below at first but com-
municates ventrally with the yolk. The two hypomeres are thus pre-

vented, for a time, from meeting ventrally. Each hypomere, however,

is accompanied by its vascular cells. Its edge becomes grooved while

the grooves are rolled into a pair of tubes lined with endocardium. The
anlage of the heart consists of two vessels (Fig. 283) for a time, each

connected in front and behind with its own mandibular artery and
omphalo-mesenteric vein and surrounded with its pericardial sac. Later

the two tubes approach and fuse. The formation of mesocardia taking

place as before, the mesocardia soon disappear and the whole appears

much as in the small-yolked forms.

The pericardium is relatively large at first, but in adult forms it

is usually quite close fitting to the heart when the heart is expanded.

It must not be forgotten that in systole the heart contracts and
becomes considerably smaller than normal and that in diastole it expands
and attains its full size, filling the pericardium accordingly.

It can readily be understood that, so long as the mesocardia are

present, the heart tube will be a straight canal connected with the

pericardial sac in front and behind. However, as the mesocardia entirely

disappear in due time and the heart tube continues to grow, it bends

upon itself, something like a capital letter *'S," the bending or flexure

being largely in a vertical plane (Fig. 283).
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At the middle point of the bend the tube remains quite small and

here is formed what is called the atrio-ventricular canal (Fig. 445). It

is in front and behind of this canal that the walls become thickened and

the lumen enlarged. The caudal end, which is also the dorsal in this

case, forms the chambers known as the atrium or auricle; the ventral

end becomes the ventricle. Caudad in the atrium there is a constriction

forming a second chamber called the sinus venosus. It is into this

chamber that the Cuvierian ducts and the omphalo-mesenteric veins

enter. The ventral parts of the heart-tubes also form a smaller trunk,

called the truncus arteriosus, while the ventral aorta connects this por-

tion of the heart with the mandibular arteries already mentioned.

While the heart is really a muscle, or rather many interwound

bundles of muscles, there are certain parts, such as the sinus venosus,

in which the muscle cells

themselves are somewhat
scanty as compared with

other parts of the heart.

The endocardium devel-

ops folds, or valves (Fig.

445), in certain places so

that blood may flow forward

but not backward, and this

valvular part of the truncus

is knoAvn as the conus arte-

riosus. In the vertebrates,

this conus is reduced to a

single row of valves with

the exception of the elasmo-

branchs, ganoids, and am-
phibia. The valves lie be-

tween the auricle and the

ventricle and are prevented

from being pushed up into

PcUnonajy asfttry

Fig. 445.

a and h. Reduction of the bulbo-ventricular fold of

the heart. Ao, aortic bulb; Au, atrium; B, bulbus cordis;

RV, right ventricle; LV , left ventricle; P (in &) pul-

monary artery. (After Keith.)
A, B, C, D, Scheme showing division of bulbus cordis

and its thickenings into aorta and pulmonary artery with
their valves. The division begins in B, the lateral thicken-
ings dividing respectively into a, e, and c.f. Rotation from
right to left shown in D. (After Heisler.)

the auricle (when the heart contracts and immense pressure is brought
to bear upon them) by little ligaments, called chordae tendineae, which
extend from the edges of the valve to the opposite wall of the ventricle.

They are kept taut during systole by capillary muscles, called columnae
carneae. There is also a valve between the auricle and the sinus in some
vertebrates where the hepatic vein enters into the sinus.

If the conus arteriosus is followed by a strong muscular region this

is called the bulbus arteriosus. The bulbus is composed of regular heart

muscle while the truncus is composed of muscles like the rest of the

blood vessels. It is for this reason that both conus and bulbus are

regarded as a part of the heart while anything cephalad to these is con-

sidered a part of the ventral aorta.
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THE VASCULAR SYSTEM
After food has been taken into the digestive tract and digested and

the little villi of the small intestines have absorbed the semi-liquid food,
this newly absorbed food is ready to become a part of the blood. An
elaborate system of blood vessels v^ith a wonderfully intricate and elab-

orate pumping apparatus—the heart—carries this nourishment to every
part of the body.

Before taking up the development of this system, known variously
as the circulatory, or vascular, system, it is necessary that the student
understand quite thoroughly what the adult organs are like and what
their function is. Only then may one validly attempt to ascertain how
and why the organs are placed where they are and how and why their

function is what it is. The central part of the vascular system is the
heart. In the mammal, this consists of four definite chambers

—

two
auricles at the broad end of the heart, and two ventricles toward the
lower or apex region. The structure of the heart itself is muscular.
The compartments of the heart and the work they do belong to the
circulatory system proper and will be described here.

Every blood vessel leaving the heart, no matter whether it carries

arterial or venous blood, is called an artery, and every blood vessel

entering the heart is called a vein. This distinction must be kept very
clear.

Then, too, it must never be forgotten that blood entering the heart
through a vein always enters a sinus or auricle. This auricle acts as

a reception-chamber for all blood entering the organ. After the blood
has entered this chamber, it passes downward through an opening into

one of the ventricles, and it is from the ventricle that the blood leaves

the heart.

In the higher forms of mammals, such as man (Fig. 445), blood
enters the right auricle through the large venae cavae, and then passes
downward through the auricular-ventricular opening into the right

ventricle. From here it passes through the pulmonary artery to the

lungs to be aerated (that is, to be thoroughly mixed with oxygen and
to lose the carbon dioxide that it has gathered in draining the entire

body). After being aerated, the blood passes back to the left side of the

heart through the pulmonary vein to enter the left auricle, and then

passes down through a left auricular-ventricular opening into the ven-

tricle. From the ventricle the blood stream is sent forth through the

aorta to all parts of the body, supplying the parts with food and nour-

ishment.

The system just described is known as the systemic because the

blood which leaves the heart through the aorta nourishes all parts of

the body.

The arteries break up into smaller arterioles and capillaries. The
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liquid part of the blood is called blood-plasma so long as it is contained

within the blood vessels, and lymph as soon as it has seeped through
the walls of the blood vessels and bathed the surrounding tissues. It is

gathered up from here by the various lymphatic vessels which unite to

form the large lymph duct. This duct empties into one of the veins of

the neck. The blood, which has remained within the blood vessels and
passed through the capillaries, is taken up by the venous capillaries and
passes toward the heart either directly or indirectly through a portal

system.

It is essential that one appreciate that the arteries supply all parts

of the body with nourishment and that the veins do the draining. It

follows, then, that the arteries begin as vessels of some size and become
smaller and smaller as the blood supply from the heart becomes dis-

tributed more and more, while veins begin as capillaries and continu-

ally increase in size. An artery and a vein often lie side by side, but

the blood current in the vessels is running in an opposite direction.

In addition to the systemic circulation there is also the pulmonary
circulation, which is the name given to the blood stream leaving the

right ventricle of the heart, passing through the pulmonary arteries to

the lungs, and after being aerated, returning through the pulmonary
veins to the left auricle, from whence it flows downward into the left

ventricle to be ready again for the systemic circulation.

Whenever a vein splits up into capillaries so that the venous blood

must pass through an organ on its way back to the heart (either to have

waste substances removed, as in the kidneys, or to take up new sub-

stances as in the liver), and this blood is then again collected by venous

capillaries and sent on its way, a portal system is formed.

The renal-portal system and the hepato-portal system are the two
important ones in the economy of man's body.

When the circulatory system of the frog was discussed, it was
stated that one must not forget that the material with which the heart

works is blood, but that the heart is similar to a pump or an engine,

and, that, consequently, just as a pump or an engine which is used for

the purpose of forcing water through a great hydraulic system requires

water in two places and in two ways to continue its work, so the heart

requires blood in two places and in two ways to do its work.

The engine requires water in its boiler so that steam can be pro-

duced. This steam then supplies the force for its work of pumping

water, let us say, through the water-pipes of the building in which it

is installed. So, too, the heart must have a blood supply to furnish it

with energy just as the engine requires water to manufacture its steam.

Therefore, there are blood vessels running into the heart-walls and into

the walls of blood vessels themselves so as to furnish these with material

to produce the required energy to continue their pumping power. The

blood vessels that supply the heart walls are known as coronary vessels.
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The coronary arteries leave the aorta immediately after the aorta, in

turn, has left the left ventricle. The blood vessels in the walls of blood
vessels are known as vasa-vasorum.

It is essential that these two systems be kept separate and distinct.

The mere pouring- of blood into the cavities of the heart is equivalent

to the water in the tank of an hydraulic system, while the blood which
enters the heart muscle itself is equivalent to the water in the engine's

own boiler that furnishes the steam from which the energy, in turn,

comes to make pumping possible.

This analogy may be carried a little further; for, just as the water
in the hydraulic system, if it be used for drinking purposes, must be

filtered, so, before the blood, which is pumped through the vascular

system, can be used again, it must likewise be filtered. This is the work
of the portal systems.

A final point to be borne in mind, before taking up the circulatory

system in detail, is that the vertebrate circulatory system is known as

a closed circulation, as distinguished from the open system seen in some
of the lower forms of animals, such as the crayfish.

What is meant by a closed system, is that the blood from the time

it leaves the heart until it returns, is always in direct communication
by means of arteries, capillaries, and veins. There are no open spaces

through which the blood can pass out of these vessels. A seeming
exception is the lymph. This does not pass through an opening, how-
ever, but seeps directly through the walls and bathes all parts of the

inter-capillary region.

DEVELOPMENT
It is well known that the mammalian heart has its point, or apex,

to the left, but the student must know how this has come about. He
must also know why it is that, just as with the digestive tract, certain

nerves which lie in the right and left side of the early embryo, come to

lie on the dorsal and ventral sides in the adult. The heart, like the

digestive tract, grows something on the order of a straight tube, although

made up of separate cephalic and caudal ends which have become fused

together. As the embryo continues developing, the heart turns to the

left, so that the nerves, which lie upon the right side, will now be ventral,

and those which lie upon the left side will be dorsal, while the right

auricle and ventricle, which have been brought ventral by this turning,

to the left now occupy almost the entire ventral portion of the heart,

the left auricle and ventricle being dorsal. It is for this reason that but

a very small portion of the left auricle and ventricle can be seen from

the ventral side of the body. It will be remembered that in the embryo
of the chick mention was made of mesoblastic cells which Avere derived

from three separate sources. One source of these is from the primitive

streak. The second source is from that scattered group of cells left
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between the ectoblast and entoblast when the entoblast became a dis-

tinct layer of cells. Thirdly, in the middle and lateral parts of the area

pellucida, cells are budded off from the upper side of the entoblast to

become mesoblast, at about the time the primitive streak is forming.

Now, all of these mesoblastic cells together unite to form a con-

tinuous layer. This layer continues expanding until it passes beyond
the boundaries of the area pellucida and forms a middle layer in the

inner zone of the area opaca. This zone is the vascular area (Fig. 264).

It is in this area that the blood vessels begin to form. This occurs in the

chick on the very first day. A network appears in the entire vascular

area which surrounds the embryo. Here irregular reddish blotches are

formed, called blood islands ; it is from these blood islands that the red

corpuscles are formed. This network develops into a system of cords,

at first solid ; but soon a lumen is acquired and, as the vessels unite, a

continuous, but indefinite, blood vessel is formed. The very first vessel

which becomes definitely shaped so that it can be recognized as a part

of the vascular system is formed around the entire vascular area as a

sort of boundary and is called the sinus terminalis (Fig. 284, C).

The blood islands appear in cross section as little local thickenings

on the dorsal walls of the blood vessels. These bud off into the cavities

of the vessels and form the first blood corpuscles, and it is supposed

that from these all the colored corpuscles of the blood are descended.

The network of vessels continues to grow, some of the vessels later

becoming arteries, some veins, and still others remaining small as capil-

laries. These unite and extend toward the embryo, while, within the

embryo proper, there has been a growth of the vascular system also,

which has extended outward toward this vascular area. All these ves-

sels unite to form the entire vascular system.

Larger vessels of the vascular area unite with the posterior end of

the heart which by this time has already begun to beat. The other

vessels unite with the anterior, or cephalad, end of the heart and become
the arterial system, so that by the end of the second day, in the chick,

a complete vascular system has already been formed with a beating

heart.

At first the heart consists of only two longitudinal vessels Avhich

are connected at the cephalic end. These spread out caudad like an

inverted ''V" (Fig. 283). The arms of this ''V" shaped portion soon

fuse together and look like an inverted ''Y." The cavities of these two
fusing tubes remain apart for some time and then form one cavity.

That is, the endothelial lining remains separate as tv/o distinct cavities

for a time, even after the muscular walls have united.

On the dorsal surface, the muscular walls are incomplete also for a

short time, but after complete fusion the walls also are completed. It

is the stem of this "Y" which forms the heart. The two diverging arms

of the "Y" unite, or rather have united some time before this, so that
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they are continuous with the large vitelline veins which bring the blood

back to the heart from the vascular area.

The heart is now a short straight tube attached to the ventral wall

of the pharynx and consists of the muscular united part of this '*Y,"

the two arms are the ends of the diverging vitelline veins which run

backward or caudad at the hindermost angle of the head fold. As this

fold is pushed farther and farther back, the straight part of the *'Y" is

naturally pushed back also and lengthened. Not only this, but this

straight part of the heart grows more rapidly than does the place to

which it is attached, so that it does not even find room enough to con-

tinue its growth with the heartfold, but must bend into a loop with its

convexity toward the right side of the embryo. The heart has now lost

its attachment to the pharynx (with exception of its two ends). The

Fig. 446.

/, Schematic longitudinal sections of the heart. A, dogfish, B, Ganoids, and C,
Teolosts. a, atrium; b, bulbus arteriosus (an enlarged portion of the truncus
arteriosus); c, conus arteriosus; k, valves; s, sinus venosus; t, truncus arteriosus;

V, ventricle. (After Boas.)
II, The circulatory system in the amphibians. A, Urodele, and B, Anura.

a.l.and a.r., left and right atria; ao.w., aortic root (radice) ; ca, carotid arteries,

which spring from the conus arteriosus together with the ao.w.; La., pulmonary
arteries which carry venous blood from the ventricle to the

_
lungs

;_ l.v., pulmonary
veins which carry arterial blood to the left atrium; v, the veins which carry venous
blood from the general body system to the right atrium; ventr., ventricle. (From
Schimkewitsch after Wiedersheim.)

caudal end of the heart, in which the vitelline veins empty, is called the

venous and the cephalic end is spoken of as the arterial end of the heart.

The beating of the heart begins as soon as a connection has been made
between this "Y" shaped tubular vessel with the vessels which have been
formed in the vascular area. The palpitation starts at the venous, or

caudal, end and passes to the arterial, or cephalic, end. The palpitation

of the heart already begins before one can distinguish any definite mus-
cular tissue which has developed from the mesoblast.

The arterial end of the heart is known as the bulbus arteriosus.

From this, two narrow vessels, the aortic arches, pass around the diges-

tive tract to the dorsal side, turning caudad and becoming the dorsal

aortae. These two dorsal aortae run along each side of the notochord

under the mesoblastic somites and pass toward the tail unconnected
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with each other, but just before reaching the tail, a large branch is given

off. In fact, the branch is much larger than the aorta itself from v^hich

it arises. This large branch is called the vitelline artery. The vitelline

arteries carry the blood back to the vascular area from which it was
brought by the vitelline veins.

The heart we have just been describing is that of the chick. In

cyclostomes and fishes (except the dipnoi) there is what is known as a

branchial, or venous, heart (Fig. 446). All of the blood which enters

such a heart is venous blood. This venous blood is pumped directly to

the gills where it loses its carbon dioxide and takes up oxygen before

being distributed to the various parts of the body. The important thing

to note is that in such cases the blood only passes through the heart once

in making its complete circuit. It is not, however, correct to consider

the embryo of higher forms as being the same as this type of "one-heart-

circulation," for only oxygenated blood passes through the heart in such

embryos when it is in this stage.

In the dipnoi and amphibia (Fig. 446), where lungs are formed to

take up part of the work of the gills, the heart divides in an arterial, or

systemic, and a venous, or respiratory, half. This division is caused

by a septum, or partition, in the auricle which divides the chambers.

It will be remembered that blood always enters through a vein and

always enters into a sinus or an auricle of the heart. The venae cavae

l>ulm.l.

sept.ao.

pan

sept.veiur.

ven/r.l.

Fig. 447.
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cav.siip.d.

pulnt.s.

cut.ubd.pecf.

c.

Fig. 447.

Comparisons of heart and connecting blood vessels in the crocodiles and birds.

A J Dorsal view of Crocodilian heart. A.M.^ mesenteric artery; Ad and As, aortic

arches; D.C.d. and D.C.s., right and left ducts of Cuvier; through which the venae
cavae enter the heart; LV., pulmonary veins; L.V.h. and R.V.h., left and right
atria; P.d. and P.s., right and left pulmonary arteries; S.d. and S.s., right and
left subclavian arteries; Sp.i., region of the interseptal valves; Tr.cc, common
carotid artery; V.c.c, Coronary vein; V.c.i., inferior vena cava. (After Rose.)

B, Ventral View of Crocodilian Heart, anast., so-called dorsal anastomosis of

the two roots of the aorta; anon. I., and anon.r., left and right innominate trunks;
ao.l., left aortic arch; ao.d., dorsal aorta; ao.r,, right aortic arch; atr.l. and atr.r.,

left and right atria; coel, coeliac artery; lig.bot., Botalli's Ligament; ost.atr.v.,

atrio-ventricular opening; pulm., pulmonary artery; pan., foramen of Panizzae;
sept.ao., aortic septum; sept. ao.pulm., aortic-pulmonary septum; sept.ventr., ven-
tricular septum; ventr.l., and ventr.r., left and right ventricle. (After Greil.)

C, Heart and communicating vessels of bird. (Swan.) anon, innominate
artery; ao, aorta; ao.b., aortic arch; brach.a. and brach.v., brachial artery and
vein; car, carotid artery cat.sup. a. and cav.siip.s., right and left superior venae
cavae; coel, coeliac artery; cut.abd.pect., cutaneous abdominal-pectoral vein; jug.d.
and jug.s., right and left jugular veins; Ing, lung; mnm.i., internal mammary
artery; mes, mesenteric artery; oes, oesophagus; oes.i., inferior oesophageal artery;
pulm.s., left pulmonary artery; st.cl., sternoclavicularis artery; subcl., subclavian
artery; thor.inf. and thor.sup., thoracalis inferior and superior arteries; thyr, thyroid
gland; tr, trachea; tr.car., carotid trunk; vert, vertebral artery. (After Gadow.)
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which return the systemic blood to the heart, therefore, empty into

the right auricle, while the pulmonary veins which carry blood from

the lungs to. the heart enter the left auricle. As this blood which has

returned from the lungs is now oxygenated and ready for distribution

to the general system, it is the left side of the heart which becomes the

arterial side.

In the higher forms, the ventricle is also divided by a septum. The
valves on the right side which separate the auricle from the ventricle

are called the tricuspid valves, while those on the left side separating

the left auricle and left ventricle are known as the mitral, or bicuspid,

valves.

In the crocodiles, there is an opening between the two sides of the

aortic trunk, known as the foramen Pannizae (Fig. 447, B. pan), so

that there is really some mixture of arterial and venous blood in these

animals.

The separation into four compartments is complete in birds and

mammals (Figs. 445, 447, C), so that the blood must pass through the

heart twice—once through the venous, and once through the arterial

half—in order to make a complete circuit of the body.

The heart is formed directly behind the mandibular artery which is

the first aortic arch (Fig. 309), so that as other vessels grow, it is forced

back further and further until it lies ventrad and caudad to the pharynx;

while in the adult higher forms of mammals, it is carried back as a result

of this unequal growth even into the thorax. (The extreme of such

migration is seen in the girafife and the long-necked birds.)

THE ARTERIES

AORTA AND AORTIC ARCHES
The ventral aorta is that larsre artery running headward from the

heart. It extends to the mandibular artery which is another name for

the first aortic arch (Fig. 309). The mandibular arteries, like other

arches, pass dorsad (one on each side of the pharvnx) until they meet

and form a pair of dorsal longitudinal tubes called the radices aortae.

Between the first aortic arch (mandibular artery) and the heart there

arise some six or more pairs of arches similar to those forming the man-
dibular artery. The number of such arches depends upon the number of

gill-clefts the animal has, for these arches develop in the septum between

the gill-clefts. (The number of arches is greater in the myxinoids

where the number of clefts varies ; seven or eisfht in the notidanid sharks

;

and, as recent investigations tend to show, probably six in the embryos

of all other vertebrates.)

As the embryo continues to grow, the number of these arches, which

remain or degenerate, seems to be influenced to a considerable extent

by the various changes of the respiratory system, which the particular



Circulatory System 363

animal in question may develop. When gills develop, each aortic arch

divides into tv\^o portions : an afferent branchial artery, v^hich carries the

blood from the ventral aorta to the gills, and an efferent branchial artery

w^hich carries it from the gills to the radix aortae. Both afferent and
efferent vessels run parallel to each other for a part of their course, and
are connected w^ith each other by numerous capillary loops running

through the gill filaments. As the blood passes through the gills, it loses

its carbon dioxide and takes up oxygen so that it is changed from venous

to arterial blood. In all animals that develop an amnion, one cannot

distinguish between afferent and efferent branchial arteries, the aortic

arches running directly from the ventral aorta to the dorsal longitudinal

radices aortae.

With the possible exception of cyclostomes, no gills are ever devel-

oped in the region of the first arch, so no afferent and efferent vessels

Fig. 448.

I, Aortic arches of amniotes. Compare with Figure 309. A, African Lizard
iVaranus); B, Snake; C, Alligator; D, Bird; E, Mammal, b, basilar artery; ec,

common carotid; cei, ce, internal and external carotids; da, dorsal aorta; p, pul-
monary; s, subclavian. (From Kingsley after Hochstetter.)

II, Comparison of Heart and aortic arch of crocodile and bird, a, right auricle;
o', left auricle; ao, descending aorta; c, small connecting vessel; m, intestinal
branches. (c and m, before they separate, form the left aortic arch) ; v. right
ventricle; v', left ventricle; 1 and 1', carotid arteries; 2 and 2', right and left

aortic arch; 4 and 4', pulmonary arteries. The right aortic arch, together with the
tiny branch, c, forms the descending aorta. (After Boas.)
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arise from the mandibular arteries. There is, however, an external and
internal carotid artery vv^hich supply the head and brain, which come
from each half of this first arch (Fig. 448). As various changes take

place, however, the relation of the carotids makes them appear as though
they arose from the first functional arch.

In the cyclostomes and fishes, the various arches do not undergo
much, if any, modification. Whatever modification does occur depends

upon changes in the gills.

In all land vertebrates and many of the fishes, the first arch on both

sides disappears at the point where the external carotid artery begins.

When the spiracular gill is reduced, the second pair of arches is

partially or completely lost in the adult.

The third pair persists. The blood for the internal carotids flows

through these. In fishes, gymnophiona, and a few urodeles, the blood

for the radices aortae also flows through the third pair. In all four-

footed animals, the radix disappears between the third and fourth arches

so that it leaves the third arch purely carotid. In such a case that part

of the ventral aorta, which is between the third and fourth arches, carries

the carotid blood along and hence is known as a common carotid artery

(Fig. 448, I, B). This usually divides into a right and left branch later.

The fourth pair form the systemic trunks in all four-footed animals

and carry blood from the ventral to the dorsal aortae.

The fifth has become smaller and disappears in nearly all animals

except lizards and urodeles. In reptiles the left side of the fourth arch

becomes separated from the rest of the ventral aorta, having its own
trunk connected with the right side of the partially-divided ventricle,

thus carrying a mixture of arterial and venous blood. The blood from

the left fourth arch on the dorsal side is largely distributed to the diges-

tive tract. The right side of the arch and the carotids are connected

with the left side of the heart and are consequently purely arterial, the

arch itself forming the main trunk which connects the heart with the

dorsal aorta. In birds, the radix on the left side of the adult disappears

caudad to where the subclavian artery begins so that this arch supplies

blood only to the left arm. The right arch is purely aortic in character.

In the mammals, this is entirely reversed; the right arch is subclavian

and the left supplies the dorsal aorta and the subclavian of that side.

The bird in its ,
embryonic growth (as exemplified by the chick

embryo), turns upon its left side in about 80 per cent of all cases, and

the right arch persists, while in mammals, the embryo usually turns upon

its right side and the left arch persists.

When lungs are developed, whether that be in the lung fishes or any

of the higher forms of animals, a pair of pulmonary arteries develop

from the sixth pair of arches on the ventral side of the pharynx. These

arteries grow caudad into the lungs. That part of the arch dorsal to

these newly formed pulmonary arteries becomes reduced to a small
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vessel known as the ductus arteriosus, or the duct of Botallus (Fig. 345),

C, d, b) in some of the urodeles. In some of the higher vertebrates, one
occasionally finds a persisting vestige of this, otherwise it entirely

disappears.

The ductus Botalli is quite important in the embryonic circulation

of amniotes, because the greater part of the blood goes through it to

reach the dorsal aorta during the time the allantois is the organ of respi-

ration, while only enough blood goes through the pulmonary artery to

nourish the lung. The duct closes with the first inspiration of air, while

all blood passing into the last arch goes to the lung.

In the lung fishes and amphibia, where there is but a single ventricle

in the heart, the pulmonary arteries are connected with the ventral aorta

just as are the other aortic arches. In higher forms, however, such as

the amniotes, where there is either a partial or complete division of the
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Fig. 449.

Schematic diagrams of circulatory systems in I, Petromyzon, II, Teleosts, III,

in the higher vertebrates. I to VIII, gill arches; A, dorsal aorta; A, atrium; Ah,
gill veins; Acd, caudal artery; All, allantoic artery; Am, omphalo-mesenteric
artery; RA, and rad.ao.. Aortic radices (roots of the aorta); 5". S^, two branches;
card., anterior and posterior cardinal veins; car. ex., c, and car. int., c' external
and internal carotid arteries; coel.mes., coeliaco-mesenteric artery; dnct.cuv., and
D, duct of Cuvier; E, external iliac artery; HC, posterior cardinal vein; Ic,

common iliac artery; hy.v., gill veins of the hyoid arch; k.art., gill arteries;

k.ven., gill veins; KL., gill clefts; ophth, ophthalmic artery; orb.nas., orbitonasal
artery; RA, and rad.ao.. Aortic radices (roots of the aorta); S. S^, two branches
of the gill veins which pass into the aortic radices; Sb, Sb, and subl., subclavian
artery; Sb^, subclavian vein; si, and sin.ven., sinus venosus; spr.k., spiracle gill;

V, and ventr., ventricle; VC, anterior cardinal vein; Vm, omphalo-mesenteric vein.
(From Schimkewitsch, I, after Vogt, Jung and Bridge; II, Parker; III, Wieders-
heim.)
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ventricle into tv^o portions, the conus arteriosus and the ventral aorta

are divided so that those portions, which are derived from the sixth arch

are connected v^ith the right side of the heart, v^hile the rest of the

ventral aorta, with the exception already noticed in the reptiles, receives

its blood from the left side of the heart.

It is necessary to study the figures very carefully in order to see

how, even in the vertebrates such as the elasmobranchs, there is a

differentiation of the fifth and sixth arches from the rest of the series.

It will be remembered that the fifth arch is almost completely obliterated

in vertebrates possessing lungs, and that the sixth is completely sepa-

rated from the rest.

The dorsal aorta comes into existence by the fusion of two primitive

vessels running caudad. These lie dorsal to the mesentery and run

almost parallel to the notochord to the very end of the body. This

fusion varies; it may extend as far forward as the aortic arch. It will

be remembered that the portions which would normally be called the

dorsal aortae, when these segment or when there is a division between
the various arches, are called radices aortae. Sometimes the dorsal

aortae extend still farther forward than the last aortic arch and involve

the whole of the radices, so that the dorsal aorta in this case extends

to the first arch.

Students of comparative anatomy who are preparing for medicine,

dentistry, and other professions, should note the fact that the names
in human anatomy are somewhat different from those adopted in books

on comparative anatomy. In the study of human anatomy that part of

the ventral aorta which persists is called the ascending aorta; that part

of the fourth arch, which continues in existence, is known as the arch

of the aorta ; and the rest of the dorsal aorta, running downward toward

the feet, is called the descending aorta. This, in turn, is divided into

one portion (passing into the thorax) known as the thoracic aorta, while

from the diaphragm downward (as it passes into the abdominal cavity)

it is known as the abdominal aorta. The last two names are thus only

convenient terms to show the location of the descending aorta.

ARTERIES OF THE DORSAL AORTA

These are known as visceral (splanchnic) and somatic. As these

terms are already familiar to the student, it is merely necessary to

state that the visceral arteries run through the mesenteries, where the

double layers of serosa are found, to furnish the blood supply of the

digestive tract. Many of the blood vessels are in a primitive condition,

though they are not metameric. Usually, especially in vertebrates, these

smaller vessels become united into larger trunks. The principal ones

are as follows

:
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VISCERAL ARTERIES (Fig. 444)

Coeliac Artery:

Origin, Radix or adjacent dorsal aorta.

Branches, Gastric, splenic, hepatic.

Superior Mesenteric Artery (running to cephalic portion of intestines).

Develops with the omphalomesenteric.

Inferior Mesenteric Artery (to caudal portion of intestine).

(Not always present. Other mesenteric arteries may also appear.)

Coeliac Axis—is the name applied if the superior mesenteric fuses with

the coeliac artery.

Hypogastric Arteries:

Originally connect dorsal aorta with subintestinal vein near anus,

later supplying rectum.

In animals higher than vertebrates, a urinary bladder grows from

the rectal region, which is supplied by hypogastric branches called

vesical arteries.

In amniotes, where the proximal end of the allantois becomes the

bladder, parts of the vesical arteries become allantoic arteries or umbili-

cal arteries, because they pass through the umbilicus. With the disap-

pearance of the allantois, these arteries degenerate, leaving only the

rectal and vesical branches of the hypogastric trunk.

Caudal Aorta:

That portion of the dorsal aorta caudad to the hypogastric arteries.

SOMATIC ARTERIES

Distributed to the body wall and its derivatives. (Unlike the

visceral arteries, the somatic arteries are arranged metamerically.)

Intercostal Arteries (Fig. 444) :

One pair develops between each pair of myotomes, beginning at the

radices and the dorsal aorta. As the aortic arches disappear and change,

the intercostals become connected close to their origin by a pair of

vertebral arteries running through the openings in the transverse

processes of the vertebrae. The intercostals have different names,
depending on their location, as thoracic, lumbar, sacal, etc.

Vertebral Arteries:

In both man and other vertebrates, the vertebral arteries pass in a

cephalad direction toward the ventral side of the medulla oblongata

where the right and left arteries unite to form one trunk called the

basilar artery. This runs straight forward underneath the brain. Two
branches of the vertebrals extend caudad from points just before where
the two vertebrals unite.
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Circle of Willis :

Just before the basilar artery reaches the hypophysis (pituitary

body), it divides, so that one-half of the basilar passes on each side of

the hypophysis. The internal carotid artery meets this divided basilar

on each side, and the trunks thus formed meet near the optic chiasma,

forming a complete arterial ring called the circle of Willis. It will be

noticed that the brain has thus a supply of arterial blood from both

ventral and dorsal regions, making it less likely to suffer from anything

that might impede the circulation in any one part.

Subclavian Arteries :

As the limbs grow, a segmental artery, for each somite concerned

in the appendages, extends into the member. These arteries become
connected with each other distally, as well as with the veins of the limb,

by a network of small vessels. The parts of these main trunks and the

connecting network enlarge while other portions atrophy. There are

numerous variations in the blood supply of the limbs. This explains

the shiftings of the subclavian artery shown in Figure 448.

The subclavian has the following names applied to different

portions

:

Axillary—that part lying in the axilla.

Brachial—that part lying in the upper arm.

Radial and Ulnar—the parts lying adjacent to the bones of these

names.

Epigastric Arteries:

The development of the arteries of the hind leg is somewhat com-

plex. There is the same formation of a capillary network as with the

fore-limb. Two of the arteries become prominent. The epigastric artery

lies forward. It descends from the aorta to the ventral side of the

body and forward to supply the lower portion of the myotomes. It

becomes connected with the epigastric veins at first, although later these

may anastomose with the hinder ends of the cutaneous arteries. When
the hind limb grows out, the external iliac, or femoral, artery (a branch

of the epigastric), is sent into its anterior side. As the leg increases in

size this sometimes surpasses the parent epigastric in size, so that the

latter appears as a mere side branch.

Sciatic Arteries

:

The sciatic or ischiadic arteries descend into the posterior side of*

the leg, the name changing at the angle of the knee to popliteal artery.

Farther down, this artery divides into peroneal and anterior and pos-

terior tibial arteries. The peroneal supplies the calf of the leg and the

others continue into the foot.

The arrangement of vessels here outlined is characteristic of the
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lower tetrapoda where the femoral artery is small. It is likewise char-

acteristic of the embryos of mammals. In the latter, however, before

birth, the femoral artery grows down to join the popliteal, and so

becomes the chief supply of the limb. These trunks and the hypogastric

do not always remain distinct. They often fuse in different ways at the

base. Epigastric and hypogastric arteries are distinct in many reptiles

and in birds, but in other vertebrates they fuse to form the common iliac

artery, so called because the proximal portion of the femoral is often

called the external, and the hypogastric the internal iliac artery. The
sciatic, likewise, may remain distinct, or it may fuse with the others at

the base, but then its independent portion will appear as a branch of

the common iliac artery.

A cutaneous artery arises from either the subclavian or the pul-

monary artery of either side (both conditions occur in the amphibia) to

run backward in the skin of the trunk. It may extend back and unite

with the epigastric artery. If, as in amphibia, these arise from the

pulmonary artery, they contain venous blood and the skin acts as a

subsidiary respiratory organ.

Renal Arteries:

Renal arteries are paired and show metamerism in the primitive

state. Details of this are given in the description of the organs they

supply. It is well to note that metamerism is well shown in these

arteries going to the pronephros and the mesonephros, while in the true

kidney—the metanephros—only a single pair of renal arteries furnishes

the blood supply.

Genital Arteries:

These, like the renal arteries, are paired and metameric in the primi-

tive state and are called

Spermatic in the male.

Ovarian in the female.

These are more numerous in lower animal forms than in higher.

THE VEINS

Omphalomesenteric Veins :

It will be remembered that the heart is developed in the pericardial

cavity. Caudad to the heart region, the liver begins developing and thus

prevents the lateral plates from coming together on the ventral side as

they did in the case of the heart. The lateral plates, however, become
grooved, and each one forms a tube, so that there are two vessels, called

the omphalomesenteric veins extending caudad from the heart, passing

around the liver where they meet with the extensions of the omphalo-

mesenteric arteries already described (Fig. 277).



370 Comparative Anatomy

Subintestinal Veins:

Caudad to this connection a pair of subintestinal veins (Fig. 450)

run toward the tail end on the ventral side of the digestive canal. These
fuse together into a medial tube just behind the anal opening; this tube

Fig. 450.

Diagrams to show the development of the postcaval vein in the cat. The
cardinal system of veins is cross-hatched, the subcardinal veins closely stippled,

the hepatic veins are indicated by cross, vertical, and oblique hatching combined,
the supracardinal veins by open stippling, and the renal collar by vertical hatching.

A, early stage, showing the anterior and posterior cardinal veins, a, b, c,

the common cardinal vein d, the subcardinal veins /, and the outgrowth e from the
hepatic veins of the liver,_ B, next stage, showing the union of the hepatic out-

growth e with the subcardinal veins /, to form the proximal part of the postcaval
vein; the two subcardinals have united with each other at h.

Cj the anterior part of the posterior cardinal vein h has separated from the
posterior part c, c now being the renal portal vein; the postcaval vein is seen to

be formed of the hepatic vein e, the right subcardinal /, and to be united by means
of the two subcardinals below h with the renal portals c.

D, the supracardinal system of veins i, represented by open stippling, has ap-
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extends to the end of the tail. This fused portion is known as the caudal
vein. In the cyclostomes this connection persists. It disappears in other
vertebrates.

The left omphalomesenteric vein, which passes along the left side
of the liver, continues to carry blood from the caudal or posterior part
of the body to the heart, while the right disappears with the exception
of the small portion between the sinus venosus and the liver.

The Portal System:
It will be remembered that the liver develops from a simple sac into

a compound, tubular glandular structure. The left omphalomesenteric
breaks up into a great mass of capillary-like tubules or sinusoids, which
pass among the tubules of the liver and end by reconnecting at the
cephalic end of the liver. As the liver increases in complexity so do
these sinusoids. The left omphalomesenteric is consequently quite

important during this period and is known as the ductus venosus
(Arantii), (Fig. 451). A little later, however, this importance is lost

by a part of the omphalomesenteric becoming the portal vein, which
brings all the blood from the posterior regions of the body to the liver,

sending it through the tiny sinusoids. The ends between the heart and
the liver, formerly called the ductus venosus, now become the hepatic

veins. It is in and through the hepatic veins that the collected blood

from the liver sinusoids is sent to the heart.

When a vein breaks up into capillaries of this kind, as in the liver

and kidneys, and its contents are again gathered in a vein, it is called a

portal system. That of the liver is the Hepatic portal, while that of the

kidney the Renal portal system.

In elasmobranchs and sauropsida, which produce eggs with large

peared and has united anteriorly with the anterior parts of the posterior cardinals b,

medially with the subcardinals by an anastomosis k, named the renal collar, and
posteriorly with the renal portals c.

E, union of the two anterior cardinals by a cross-connection p, and development
of the renal veins from the renal collar k; the supracardinal veins have separated
into anterior parts connected with the posterior cardinals h and posterior parts con-
nected with the subcardinals and renal portals c.

F, continuation of E.
G, adult stage; the left anterior cardinal joins the right by means of the cross-

vein p which is the left innominate vein; the common stem a, which is the right
anterior cardinal, enters the heart by way of n, which is the right common cardinal
vein;_ the left common cardinal vein persists as the coronary sinus o; the right
anterior parts of the posterior cardinal vein and supracardinal form the azygos
vein, b and i, while on the left side these are obliterated at v; the postcaval vein
is now complete and is seen to be composed of the hepatic vein e, the right sub-
cardinal, the anastomosis between the two subcardinals at h, the right renal collar k,
the posterior part of the supracardinal vein i, and the posterior parts of the renal
portals (posterior cardinals) c: the left subcardinal and posterior cardinal contribute
to the vein of the left gonad, hence the symmetrical arrangement of the genital veins
in mammals.

H, composite diagram of the veins of a cat. a, anterior cardinal; b, anterior
part of the posterior cardinal; c, posterior part of posterior cardinal or renal portal;
d, common cardinal; e, hepatic portion of the postcaval (this is partly removed in
Figs. D-G); f, subcardinal; g, gonad; h, union between the two subcardinals; i,

supracardinal; ;, kidney (metanephros) ; k, renal collar or union between subcardinals
and supracardinals; /, adrenal gland; m, vein to adrenal gland; n. base of the pre-
caval vein or right common cardinal; o, coronary sinus or left common cardinal;
omph.mes., omphalomesenteric artery; p, left innominate or connection between the
two anterior cardinals; g, internal jugular; r. subclavian; s, external jugular; t,
external iliac; u, internal iliac, (Partly from Hyman after Huntington and McClure
in Anatomical Record, Vol. XX.)
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yolk, the presence of a large food supply exercises a modifying influence

on these ventral veins. A pair of large vitelline veins runs out into the

yolk sac, over the yolk, from the junction of the omphalomesenteric and

the subintestinal veins to play a large part in the transfer of material to

^'"^''- the growing embryo (Fig. 284). The distal

parts of these veins follow the margin of the

yolk sac, forming a tube (sinus terminalis),

into which smaller veins empty. Blood is

brought to the yolk by the omphalomesen-
teric arteries. These arteries are also dis-

tributed to the yolk sac and divide up dis-

tally into a network of capillaries which
connect distally with the vitelline veins.

The blood is carried by these vitelline veins

to the liver and through the portal circula-

tion to the heart. A similar vitelline circu-

lation is developed in the mammals, but here

the yolk sac contains no yolk, and so is of

minor importance and soon lost.

In amniotes there is an outgrowth, the

allantois, which arises as a diverticulum

from the hinder end of the alimentary canal.

It increases in extent by growing down-
ward and carrying the ventral body wall

before it. Allantoic arteries (branches of the hypogastric arteries)

extend into it and are connected by capillaries with umbilical veins which
arise from the subintestinal vein behind the vitelline veins. This forms
an allantoic circulation which is both respiratory and nutritive in char-

acter. In the reptiles, both of the umbilical veins persist through foetal

life, while in birds and mammals, one aborts, leaving the other as the

efferent vessel of the allantois. With the end of foetal life (at hatching

or at birth), both the vitelline and the allantoic circulations disappear,

leaving only inconspicuous rudiments.

Anterior Cardinal Veins (Superior Jugular or Jugular)

:

(The inferior jugulars are found only in fishes and salamanders,

where they drain lateral and ventral branchial regions.) The superior

jugular vein lies dorsal to the gill-clefts and returns blood from the

dorsal regions of the head.

Post-Cardinal Veins (Figs. 450, 456).

These are very clearly related in development with the excretory

system and lie dorsal to the coelom and dorsal to the nephridial arteries.

Nearly all of the thoracic portion of the post-cardinal veins soon disap-

pears in the higher forms, while a supra cardinal system develops, as

shown in Figs. 450, 456. This supra cardinal system in turn disappears

Fig. 451.

Diagram showing development of
the mammalian hepatic portal
system. The omphalo-mesenteric
and the umbilical veins are reduced.
card. a. and card. p., anterior and
posterior cardinals; d, intestine;
d.ar., ductus venosus {Arantii) : /,

liver; omph.m.d. and omph.m.s.,
right and left omphalo-mesenteric
veins; umb.d. and umb.s., right and
left umbilical veins. (After Hoch-
stetter.)
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with the exception of a posterior portion which takes part in the forming

of the post-cava, and the right anterior portion which connects with the

remnant of the post-cardinal to become the azygous vein. If the anterior

left side persists also, this is known as the hemiazygous.

In the lower vertebrates they retain their function of draining the

excretory system.

Cuvierian Ducts:

These are formed by the meeting of the anterior cardinal and the

post-cardinal vein on each side to form short tubes for the emptying

of the cardinal veins into the sinus venosus.

Subcardinal Veins:

These are closely associated with the post-cardinals.

As the mesenephroi in their development reach the hinder end of

the coelom, the caudal vein loses its primitive connection with the sub-

intestinal vein and becomes connected with a pair of vessels, the sub-

cardinal veins, which develop in a ventral-medial position to the two
mesonephroi. The blood from the tail now goes through the sub-

cardinals and from them into the excretory organs, passing through a

system of capillaries to be gathered again in the post-cardinals and by

them to be returned to the heart. Here, then, there is another portal

system, the first renal-portal system, which may be modified later.

Subclavian Veins:

One of these drains each forelimb. It originally empties into the

post-cardinal but later may empty into the Cuvierian duct or jugular

vein.

Common Iliac Vein:

This drains the hind limb and empties into the epigastric (lateral

abdominal) vein which in turn empties into the post-cardinal vein or

duct of Cuvier.

This is the condition in some elasmobranchs, but in the reptiles

and amphibia, the common iliac sends part of its blood as above, and

part through the post-cardinal of its own side, so that blood from the

hind limbs has two routes to the heart.

Anterior Abdominal Vein :

The two epigastric veins in amphibia and some reptiles fuse in the-

midline to form an anterior abdominal vein, which passes through the

remains of the ventral mesentery (ligamentum teres) to the liver and

forward.

In one mammal, Echidna, alone has such an anterior abdominal vein

been found.

The vessels of the appendages are but slightly developed in fishes.

There is a subclavian vein which enters the Cuvierian duct, and some-
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times a branchial vein which may empty into the sinus venosus. In the

amphibia, a cutaneous magnus vein comes from the skin of the trunk,

which may enter the subclavian. In all tetrapoda, the subclavian, after

it leaves the limb, receives a superficial cephalic and an axillary vein.

The latter, however, changes its name in the appendage to the brachial

vein. The common iliac vein is formed in the limb by a union of the

femoral and sciatic (ischiadic) veins, as well as the hypogastric (inter-

nal iliac) vein.

In all classes above fishes, such as dipnoi, amphibia, and amniotes,

a new vein, the postcava (vena cava inferior) arises in part from scat-

tered spaces and in part as a diverticulum of the sinus venosus and the

hepatic veins. It grows backward, dorsal to the liver, until it meets and

fuses with the right subcardinal vein, a portion of which now forms a

new trunk to carry blood from the posterior part of the body to the

heart.

The following changes are introduced in the embryonic renal portal

circulation whenever a postcaval vein develops : The subcardinals no

longer connect with the caudal vein but are connected with each other

by transverse vessels (interrenal veins). Portions of the post-cardinals

grow backward to connect with the caudal vein. These posterior parts

of the post-cardinals then become the advehent veins (Fig. 452) of a

B.

I'yti iy% h't/er

/'ncer<icf W'e-vi

J^evtal aclt/ehent

/schiapfial ^eiv,

Ca-uc^O.

Ktciy\^\/

i/ein

Hypo ^oslfit

Cauda/ vecK
Fig. 452.

Diagram of Renal Portal System in A, Alligator, and B, Bird.

Gegenbaur.)
(After
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second renal portal system. They bring blood from the tail and hind

limbs to the excretory organs (mesonephroi). The subcardinals of both

sides usually fuse in the middle line. The fusion is initiated by the

appearance of the interrenal veins, which now act as revehent vessels to

carry blood from the excretory organs to the postcava and to the anterior

portion of the post-cardinals which have joined the anterior ends of the

subcardinals. In mammals there is also a change in the post-cardinals

and in the renal portal system.

In the lung fish, Ceratodus, there are some differences from the

foregoing changes. Here the cephalic portion of the right post-cardinal

loses its connection with the vessels behind, and acts as a vertebral

vein, taking the blood from the intercostal veins of that side back of the

heart. The caudal and the subcardinals form a continuous trunk, while

the revehent vessels form side branches. The caval portions of the post-

cardinals grow back into the tail as paired vessels, forming no connection

with the caudal vein. In Protopterus there is no vertebral vein, and

the subcardinals are not fused behind, while the advehent veins are

connected with the caudal.

Pulmonary Veins:

There may be various pairs of these. They carry blood from the

lungs to the left auricle of the heart. They never empty into the sinus

venosus.

THE LYMPHATIC SYSTEM

In addition to the arterial and venous divisions of the circulatory

system, all craniates develop lymph-vessels or lymphatics.

These consist of a network of lymph capillaries which are inter-

woven with, but independent of, the blood-capillaries. The lymphatic

system is not closed like the blood-vascular system, for there are not

only definite lymph vessels, but there are large open spaces—the lymph-
sinuses. Then, too, there are connections by little apertures, called

stomata, between the lymphatics and the coelom.

Lymph sinuses are found beneath the skin, as in the frog, between
muscles, in, the mesenteries, in the walls of the alimentary tract, around
the central nervous system, and in many other parts of the body.

The lymph (which is practically the liquid part of the blood which
seeps through the blood vessel walls) is gathered into these sinuses and
then passes into more or less definite lymph vessels which, in turn, open
into the veins (Fig. 453).

Leukocytes are added to the plasma from the various lymphatic

glands (Fig. 453), such as the tonsils, thymus, and spleen.

In the lower craniates, such as the frog, lymph-hearts occur (Fig.

347). These are muscular dilations found in the course of certain

vessels.
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The lymph glands (Fig. 453) are made up of a network of connec-

tive tissue in which the lymph leukocytes (lymphocytes) are formed.

The function of lymph glands, therefore, seems to be that of destroy-

ing foreign bodies and to add white blood corpuscles to the general
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i-esselsA, Diagram showing arrangement of lymphatic
embryo. (After Sabin.)

B, Diagram illustrating a stage in the development of a lymph gland
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circulation. The lymph itself bathes all the cells of the body. There
are no red blood corpuscles in lymph.

The lymphatics of the intestine are called lacteals and perform the

important function of absorbing fats from the ingested food. These

lacteals combine with the lymphatic vessels from the hind limbs and

body to form a receptacle known as the receptaculum chyli, from which

a tube (thoracic duct) passes cephalad to open into one of the large

veins of the precaval system by a valvular opening. The thoracic duct

is often double.

In mammals, the lymphatic system ramifies throughout all portions

of the body. The lymphatic system is too delicate to be worked out by

the ordinary laborator}^ dissection.

SUMMARY OF THE CIRCULATORY SYSTEM
AMPHIOXUS (Fig. 444)

The blood vessels are all of one kind, but due to various homologies

with the more complex vessels of higher animal forms, some are called

arteries and others veins.

The circulatory system consists of a ventral pulsating vessel with-

out a specialized heart enlargement. This pulsating vessel pumps the

colorless blood forward and through the branchial arches to be aerated.

The blood then collects in paired dorsal aortae which unite back of the

pharynx into a single dorsal aorta. Branches are sent from this dorsal

aorta to the walls of the intestine where they break up into capillaries.
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The blood is collected from these capillaries into a median longitudinal

sub-intestinal vein, through which it flows forward to pass into the

hepatic portal vein at the origin of the liver. This portal vein breaks

up into capillaries within the liver, and the blood is then collected in the

hepatic vein which extends along the dorsal portion of the digestive

gland, where it turns downward and forward to join the caudal end of

the ventral pulsating vessel.

The vascular system of Amphioxus, therefore, consists primarily of

(a) a dorsal vessel represented by the paired and unpaired dorsal aortae,

(b) a ventral vessel represented by the subintestinal vein and the ven-

tral aorta, and (c) commissural vessels represented by the afferent and

efferent branchial arteries and the intestinal capillaries. This is quite

similar to the circulation in the earthworm except for two important

differences. The blood in the ventral vessel of Amphioxus travels for-

ward, that in the dorsal vessel backward (just the reverse of what
occurs in the earthworm), while the ventral vessel is broken up into two
parts, by the interposition in its course of the capillaries of the liver, so

that all the blood from the intestine has to pass through the liver before

reaching the ventral aorta. This passage of the intestinal blood through

the vessels of the liver constitutes the hepatic portal system, which is

characteristic of all vertebrates.

FISHES
The circulation in fishes corresponds quite closely in the main to

that of the chick's embryonic circulation. It is built about the gill

system. The blood is pumped forward from the ventral heart through the

gills, and then, as arterial blood, it is carried backward in the dorsal

aorta. This scheme of circulation, wherever found, is interpreted as

primarily aquatic.

The heart consists of four chambers : (a) sinus venosus, (b) auricle,

(c) ventricle, and (d) conus arteriosus, through which blood passes in

the order given. The sinus and auricle lie dorsal to the ventricle.

In the lampreys there is no portal system.

In the dogfish (Figs. 446, 449, 454), the circulation is laid out in

accord with the branchial system. The blood brought to the heart by
the venae cavae is pumped forward through a common ventral aorta

which divides into five pairs of afferent branchial arteries, each of which
carries blood to one set of branchiae. A corresponding efferent branchial

vessel picks up the aerated blood from the branchiae and carries it to a

dorsal aorta, through which it is distributed to all parts of the body, both
anteriorly and posteriorly. The general systemic, hepatic-portal, and
renal-portal systems return the blood to the heart along dorsal vessels

called anterior and posterior cardinal veins.

The fish-type of circulation is built primarily along lines laid down
by the branchial respiration, and the heart pumps blood forward and
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Fig. 454.

A, The forepart of the body of a dogfish, dissected to show the heart and
ventral arterial system, a.b.a., Afferent branchial arteries; au., auricle; c.a., conus
arteriosus; ch, ceratohyal cartilage; d.C, ductus Cuvieri; g., gills; g.c, gill clefts;

7.O., internal opening of the first gill cleft; M.c, Meckel's cartilage; mu, muscles
from coracoid region of shoulder girdle to various parts of visceral skeleton; p.m.,
pericardium; s.v., sinus venosus; .sc, scapula; thy., thyroid gland (displaced); v.,

ventricle; v.ao., ventral aorta.

B, The forepart of a dogfish, dissected from the ventral side, to show the
dorsal arterial system, the olfactory organs, and certain structures in the orbits.

The middle part of the floor of the mouth has been removed. a.b.a.. Afferent
branchial arteries; c.c, common carotid artery; coe.a., coeliac artery; d.ao., dorsal
aorta; e.b.a., efferent branchial arteries; e.c.,, external carotid; en., nostril; epibr.,
epibranchial _ artery;_ hm., hyomandibular cartilage; hy.a., hyoidean artery i.e., in-

ternal carotid arteries; inf., infundibulum; M.c, Meckel's cartilage in lower jaw;
o.i., inferior oblique muscle; o.s., superior oblique muscle; olf.o., olfactory organ;
p.c, posterior carotid artery; sc, scapula; scL, subclavian artery; sk., skull; sp.,

spiracle; V.md., V.mx., mandibular and maxillary branches of fifth nerve; //.,
optic nerve. (After Borradaile.)

through the branchial arches. This involves as many pairs of branchial

arches as there are paired functional afferent vessels carrying blood to

the gills, and efferent vessels carrying the oxygenated blood from the

gills to the dorsal aorta.

AMPHIBIA (Figs. 446, 456)

The principal changes in the amphibian circulation are concerned

with the branchial arches. These are remodeled to become blood ves-

sels that can function in an air-breathing animal. The branchial vessels

of lobe-finned ganoids and of amphibia in the larval stage consist of

four pairs, known from the region in which they develop as the third,

fourth, fifth, and sixth. The third pair becomes the carotid arteries that

supply the head ; the fourth becomes the systemic arches that supply

most of the body ; the fifth disappears, and the sixth becomes mainly the
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pulmonary arches. It is of interest to note that in all lung-breathing

fishes, the lungs are supplied from the branch of the sixth branchial arch.

In most amphibia, a branch of the sixth arch becomes cutaneous, for the

skin respiration is almost as important as the pulmonary. The heart is

carried back into the trunk and consists of a sinus venosus, right and left

auricle, ventricle, and conus arteriosus. The auricle has divided into a

systemic half and a pulmonary half which lie in front of the ventricle.

The single ventricle receives both arterial and venous blood, but there

is very little mixture of the two.

The postcava is well developed. The lateral abdominal veins (also

called epigastric) unite to form an anterior abdominal vein. This latter

vein permits the return of blood from the hind legs to the heart either

through the anterior abdominal and the hepatic portal system, or the

renal portal system and the postcava.

REPTILIA (Figs. 447, 448, 452, 455)
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Fig. 455.

Embryonic circulation of a Snapping Turtle (Chelydra) to show the relations
of allantois. a, right auricle; al, allantois; av, allantoic vessels; c, caudal vein;
da, dorsal aorta; h, hypogastric artery; ;', jugular; /, liver; oa, ov, omphalo-
mesenteric artery and vein; pc, post-cardinal; sc, subcardinal vein; uv, umbilical
vein; w. Wolffian body; y, yolk-sac; 3-6, aortic arches. (From Kingsley after
Agassiz and Clarke.)

The heart is very broad laterally and consists of a sinus venosus
(although only distinguishable in Sphenodon externally), two quite dis-

tinct auricles (the right receiving venous blood from the body, and the

left aerated blood from the lungs), and a ventricle always more or less

completely divided into right and left portions. (In the crocodile the

partition is complete.)
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Fig. 456.

Diagrams to show arrangement of principal veins in A, Urodele, B, Anura and
Reptilia, C, Bird, D, Mammal. 1, Sinus venosus, gradually disappearing in the

higher forms; 2, Ductus Cuvieri (superior vena cava); 3, Internal jugular (anterior

cardinal sinus or vein); 4, External jugular (sub-branchial); 5, Subclavian; 6,

Posterior cardinal, front part (venae azygos and hemiazygos of higher forms)

;

7, Inferior vena cava; 8, Renal portal (hinder part of posterior cardinal); 9,

Caudal; 10, Sciatic (internal iliac); 11, Femoral in A, Pelvic in B; 12, Anterior
abdominal in A and B, coccygeomesenteric in C; 13, Femoral (external iliac) in

B. C, and D; 14, Anastomosis of jugulars in C. (From Shipley and MacBride.)

The sinus venosus receives the venous blood from two precaval

(really the Cuvierian duct) and one postcaval vein. The blood passes

through the right auricle into the right half of the ventricle, after which

it passes through the pulmonary arteries to the lungs. From the lungs

it returns through the pulmonary veins to the left auricle and thence to

the left ventricle. From here it is pumped out through the paired aortic

arches to all parts of the body. There are both a renal and an hepatic

portal system.

Often there is a foramen (of Panizza) connecting the right and left

fourth aortic arches, so that blood can pass from one side to the other.

BIRDS (Figs. 444, 446, 447, 448, 452)

The heart is large and has two definite auricles, two ventricles, and

no distinct sinus venosus. The right auricle receives the venous blood

from the general body, while the left receives the aerated blood as it is

returned from the lungs. The right aortic arch carries all of the arterial

blood to the body-system. The renal-portal system is vestigial.

MAMMALIA
Mammals retain the left aortic arch and lose the right, while

birds retain the right arch and lose the left. Modern reptiles show a

tendency to reduce the left arch.

The valves between auricle and ventricle are tricuspid on the right
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side and bicuspid (mitral) on the left. In the monotremes, however,
both valves have three cusps.

The pulmonary artery and aorta have three-lobed semilunar valves.

In the monotremes, the renal portal system is better developed than
in other mammals, although in all mammals it functions for a short

time and disappears with the degeneration of the mesonephroi (Wolffian

bodies).

A part of the capillary system of the mesonephroi enlarges during
the degenerative process to form a main trunk which connects the post-

cava with the caudal portions of the post-cardinal veins. It is the post-

cardinals that drain the tail, iliacs, and metanephroi.

The left post-cardinal largely disappears later with the exception of

that portion which connects with the suprarenal and gonad of the left

side. All the blood from the posterior part of the body is, therefore,

returned through the right post-cardinal and the postcava, whose origin

appears to be at the union of the iliac veins.

The postcaval vein in the turtle unites with that part of the renal

portal system which lies caudal to the kidneys, and the renal portal

system then passes out of existence.

This can be understood the better if it is remembered that the renal

portal veins are the caudal portions of the posterior cardinal veins, and
that the subcardinal veins (particularly the right subcardinal) form the

postcaval vein which lies between the kidneys.

In mammals, the postcaval vein is formed principally of the distal

ends of the posterior cardinal veins, and of the right subcardinal of the

(vitelline) hepatic veins close to, and cephalad to, the liver, as well as

of the hepatic veins which lie between the liver and the hind limbs. As
the postcaval vein is made up of so many different sources, there are

bound to be many variations in the adult state due to more or less

persistent embryonic conditions.

The more anterior portion of the post-cardinal veins loses its con-

nection with the portion connecting with the excretory organs, and with
the thoracic portion of the supracardinals, to become the azygous vein

on the right side and the hemiazygous on the left. Either of these may
disappear or, as in man, there may be a cross connection between these

two veins. In such a case the anterior part of the hemiazygous is known
as the superior intercostal vein.

The abdominal veins are quite important in foetal life as they bring

blood from the placenta to the embryo.

In the higher vertebrates, including man, an innominate vein extends
across from the carotid-subclavian trunk from one side to the other. All

the blood is thus returned to the heart by means of the base of the right

trunk, w^hich is now called the precava or vena cava anterior.

The Cuvierian duct remains only as the coronary sinus.



CHAPTER XXVI
THE UROGENITAL SYSTEM

A S has already been noted, not only in the frog but in several of the

/\ type-forms studied, there is an intimate connection between the

^ ^excretory and the reproductive systems. In fact, this connection

is so intimate that it is impossible to take up either subject without

touching- upon the other. For this reason, it is customary to treat both

under the head of the Urogenital System. The excretory organs, consist-

ing of the paired kidneys or nephndic organs and their ducts, serve the

purpose of casting out of the body the waste matter containing nitrogen,

and occasionally other substances.

The gonads (ovaries or testes) are the reproductive glands. To any

and a i ui Luese, accessory structures are frequently added. The nephri-

dic organs proper have already been quite fully described in the frog, a

review of which is eosential to the understanding of that which follows.

It will be remembered that the kidneys are parenchymatous glands,

composed of a soft, more or less spongy, tissue in which there is a

profuse quantity of blood. This great quantity of blood is sent through

the tiny venules which anastamose with the arterial capillaries in the

Malpighian corpuscles (Fig. 16, Vol. I).

bome of the typical parts, which go to make up the kidneys of higher

forms, are lacking in certain groups of animals. In the amniotes, neph-

rost3mes are never formed, although they do occur in most ichthyopsida.

In the pronephros, the Malpighian corpuscle is rudimentary or lacking at

all stages while there is no differentiation of convoluted tubules and
Henle's loop.

Professor Kingsley's excellent account of the urogenital system is

followed here.

Theoretically the function of the various parts of the naphridial

tubules is in outline as follows : In the primitive condition, the nitro-

genous waste is elaborated in the liver, collected in the coelom and,

together with the coelomic fluid, is passed outward through the neph-

rostomes and the tubules which act merely as ducts. ''Higher in the

scale the parts become more differentiated and specialized. The renal

corpuscles form a filtering apparatus by which water is passed from the

blood-vessels of the glomerulus into the tubules near their beginning,

and this serves to carry out the urea, uric acid, etc., secreted by the

glandular portions of the walls of the tubules (convoluted tubules,

ascending limb of Henle's loop)."

"All three ncphridia arise from the mesomeric somites or from the

Wo ffian ridge which appears on either side of the median line where the

mesomeres separate from the rest of the wall of the body cavity, the
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mesomeric cells furnishing the nephrogenous tissue from which the

definitive organs develop."

''Three views are held as to their relations one to another. Accord-
ing to one they are parts of an originally continuous excretory organ
(holonephros) which extended the length of the body cavity. This has

become broken up into the separate parts which differ merely in time of

development and function, with minor modifications in details. A
second view is that they are three separate organs, while a third regards

them as superimposed structures which occasionally overlap (birds,

gymnophiona) and thus are not, strictly speaking, homologous but
rather homodynamous. The first view has the most in its support, but
for convenience the three structures are kept distinct."

It is of considerable value to trace the successive series of these

excretory structures in the different types of animals. It will be

remembered that in some of the forms studied, such as the earthworm,
there was an excretory organ in practically every segment of the animal's

body. It will be remembered further that the so-called higher animal
forms have practically every structure that the lower forms possess, plus

something additional. This is well exemplified in the study of the

nephridic organs.

The nephridic organs of the amniotes pass through a three-fold

development. The first excretory organ, which grows, forms the

pronephros or head-kidney; the next succeeding is known as the

mesonephrO'S or WolfBan body; while the last to form, which becomes
the permanent kidney of the higher forms, is called the metanephros.

While all three are closely related both in their development and
their structure, there is a difference in their origin and in some of the
details.

THE PRONEPHROS
As its name implies, the pronephros is the first of the excretory

organs to appear. A review of the embryology of the excretory system
must be had at this point.

As the myotome is being formed from the epimere, the dorsal end of

each mesomere closes. This forms a sac which opens into the coelom.

Each of these is called a nephrotome and lies a little behind the head. It

is from these nephrotomes that the pronephros is formed. The number
of pronephridic organs varies from one in the teleosts to a dozen or more
in the caecilians. The usual number, however, in the higher forms is

two. From the somatic walls of these nephrotomes there is an out-

growth toward the ectoderm. This forms slender pronephric tubules as

in the amphibia, or solid cords which later have a lumen form within
them as in elasmobranchs and amniotes. They thus all become tubules

;

the proximal ends of each communicates with the metacoele by way of

the cavity in the nephrotome. The opening to the metacoele is called a

nephrostome and, as already noted, there will be as many tubules and
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nephrostomes as there are somites. The distal ends of the nephrotomes

grow outward until they reach just below the ectoderm when they bend

toward the caudal end of the body. Here the more cephalic tubules fuse

with those behind and it is at this meeting place of the tube that the

pronephric duct, sometimes called the archinephric duct, grows back-

ward immediately beneath the ectoderm. This backward growth con-

tinues until the caudal end of the metacoele has been reached. It is here

that the pronephric duct fuses with the caudal end of the digestive tract

and empties into the cloaca, as in the frog, where it meets with the

ectoderm close to the anal opening. In either case an opening then

breaks through so that the contents of the duct can be expelled.

The question is often asked as to whether the ducts thus formed

are of mesothelial origin or whether the ectoderm contributes a share.

From present evidence it is assumed that the ectoderm has no share

in their formation.

The pronephros functions for a time in embryos of some of the

lower vertebrates, while in higher forms only a part remains as the

oviducts and the ostium tubae abdominale of the female.

During the functional embryonic period the pronephros carries

nitrogenous waste from the body-cavity. Its filtering apparatus is made
up either of a separate glomerulus to each tubule or a group of glomeruli

from the separate somites to form a glomus.

Neither the glomeruli nor the glomus project into Bowman's cap-

sule, but, lie directly above the dorsal wall of the coelom between
mesentery and nephrostomes, pushing the epithelium before them.

Later, both glomeruli (or glomus) and nephrostomes may become
enclosed in a cavity which has become cut oiT from the coelom, appear-

ing quite like a renal capsule, although the renal capsule is different in

origin.

The nitrogenous fluid passes into the metacoele from where it is

drawn by the cilia of the nephrostomes to pass along through the

tubules.

Short segmental arteries from the dorsal aorta bring the blood to

the glomeruli or glomus. After this blood has flown through the capil-

laries, it passes through the post-cardinal veins to the heart. The post-

cardinals develop backward just as rapidly as the tubules of the

pronephros grow in that direction.

In all vertebrate adults, with the possible exception of Bdellostoma

(Fig. 366), the pronephros has been replaced by the mesonephros and

later still in the amniotes by the metanephros. In the cyclostomes and

a few teleosts, the pronephros, however, persists.

THE MESONEPHROS
The mesonephros, also called the Wolffian body, is formed by a

series of mesonephric tubules which are developed after the pronephros

and its ducts are completely formed. The mesonephric tubules grow
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out from the nephrotomes behind those which form the pronephros. The
tubules extend toward each side of the animal until they meet and fuse

with the pronephric duct. This duct is then the excretory canal for the

mesonephros. The points of origin of the mesonephric tubules vary in

different animals. Some lie dorsal to the pronephric tubules, while two

arise from the same nephrotome one above the other. In fish and

amphibians, the nephrostome consists of the opening of the nephrotome

into the metacoele. As this opening, however, is closed in the amniotes

even before the tubules are formed, there are no nephrostomes, and con-

sequently there is no connection between tubules and the peritoneal

cavity.

In nearly all the higher forms (in some rodents this is not true)

segmental arteries from the aorta grow out to the splanchnic wall of

each nephrotome to form a network of capillaries. These growths take

place at a level somewhat higher than the pronephric glomeruli.

The capillaries form glomeruli which press against the wall of the

nephrotome. The rest of the nephrotome closes around the pressed-in

portion to form a Bowman's capsule. The capsule, together with the

enclosed capillaries, is a Malpighian body.

In most ichthyopsida, the nephrostome connects the Malpighian

body with the metacoele on one side, while the mesonephric tubule

connects with it on the other.

The mesonephros is metameric at first. It extends over many more
somites than the pronephros, reaching nearly to the posterior limits of

the metacoele.

As the embryo develops, the number of tubules increases (in all

vertebrates except the mxyinoids) by budding. The tubules then unite

with those first formed so as to form collecting tubules from their distal

portions. A separate Malpighian body is formed for each of the sec-

ondary tubules. All the tubules elongate, become convoluted, and the

mesonephros ceases to be metameric.

Changes in circulation are also taking place. The veins which carry

blood from the renal corpuscles extend into the region of the tubules.

Each vein breaks up into a second system of capillaries which envelop
the tubules before returning the blood through the post-cardinal vein.

It is the subcardinal vein which brings the blood from the posterior

body-region to^ the Wolffian body, from w^hence it is returned to the
heart through the post-cardinals.

THE MESONEPHRIC DUCTS
In those animals, seemingly more primitive, such as the elasmo-

branchs and in some of the amphibia, the pronephric duct divides longi-

tudinally from its most caudal end forward almost to the cephalic end of

the Wolffian body. This occurs at the time the mesonephros develops.

There are thus two ducts formed one of which, called Wolffian, or Ley-
dig's, duct, remains connected with the tubules of the mesonephros and
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forms its excretory canal, while the other, called the MuUerian duct, is

also quite closely related to the pronephros, but forms the oviduct in the

female. In the amniotes, the pronephric duct does not divide but

becomes the Wolffian duct, while the oviduct arises in another manner.

(See page 390.) This same condition is found in many of the amphibians

and in all of the teleosts.

THE METANEPHROS
While the mesonephros functions in all vertebrate embryos and

throughout the entire life of fish and amphibians, as well as a short time

after birth in the lizards and opposum, this organ becomes replaced in

the adult of all amniotes by the two metanephridic organs which form
the true kidneys. Each of this pair of kidneys takes its origin directly

behind the mesonephros of the same side, while from the caudal end of

the Wolffian duct, close to its entrance into the cloaca, a tube, the ureter,

grows forward, parallel to the parent duct, into the tissue caudal and
dorsal to the mesonephros. It is supposed that this is more or less

metameric although all trace of such metamerism has disappeared, the

kidneys not being segmented at any stage of their development. The
cephalic end of the ureter has a varying number of branches, whose tips

expand to form what is called a primary renal vesicle. Around each

primary vesicle, a group of cells develops, the aggregate of which grows
into an "S" shaped tubule, one end of which connects with the primary

renal vesicle, the other developing into a glomerulus. There are no neph-

rostomes. Still later these tubules multiply extensively and the blood

capillary system of the glomerulus increases also.

THE URINARY BLADDER
This reservoir for urine, also called a urocyst, forms toward the

caudal end of the excretory ducts. There are three kinds of urocysts

:

1. A bladder arising by the fusion of the caudal ends of the Wolffian

ducts plus a portion of the digestive tract. This is the cloaca type. The
Wolffian ducts in such cases empty into the cloaca, the cloaca then

opening to the exterior.

2. The usual urinary bladder formed by a diverticulum from the

dorsal wall of the cloaca cephalad to the openings of the Wolffian ducts.

It is supposed, however, that this form may be homologous with the

rectal gland of the elasmobranchs.

3. The allantoic bladder occurring in all higher forms as a ventral

diverticulum from the cloaca. The entire outgrowth forms the bladder

in amphibia, while in the amniotes only the proximal portion becomes

the bladder. The distal portion is used in the embryo as a respiratory

organ, the allantois. The allantois is quite extensive and forms a part

of the placenta in mammals. It is either absorbed or lost at or before

the time of birth.

In the higher forms in which a bladder is present, the ureters open
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directly into it, the urine being conveyed to the exterior through the

single tube, the urethra; in amphibia the urine must first pass through

the cloaca before entering the bladder, as the Wolffian ducts do not

directly enter the urocyst. In many birds and reptiles there is no urinary

bladder at all, although these have an allantois during their embryonic
development.

The nephridic tubules are quite like those studied in the earthvi^orm.

The nephrostomes open into the coelom w^hile convoluted tubules

envelop a network of capillaries. In the earthworm each tubule opens

separately to the exterior in the somite behind the one in which the

nephrostome lies ; but, in vertebrates the whole series of tubules empty
into a common duct. Much work is still needed to explain the nephridic

system satisfactorily.

THE REPRODUCTIVE ORGANS
A detailed study of the embryological beginnings and development

of the reproductive organs has already been covered in that part of

this book devoted to embryology. After this has been reviev/ed it will

be understood how the germ plasm from which the gonads develop is

set aside very early in the growing embryo. The gonads are not seg-

mented, notwithstanding the fact that earlier writers have taken another

view.

These sexual organs in their growth, push a layer of peritoneum

before them just as do the other outgrowths in the body. Such peri-

toneum covering the male gonad, which serves as a support for the

testes, is called a mesorchium, while that supporting the ovaries is

known as a mesovarium. In all the higher forms gonads are paired.

In many fishes and birds they are unpaired, due to a fusion of two or to

a degeneration of one.

We have seen in our embryological study how the gametes are

formed in the female and lie within a Graafian follicle which, after rup-

ture, leaves a scar in the form of a corpus luteum, while in the male,

instead of the primordial ova and the epithelial cells becoming separate

follicles, they develop into a cord which later on has a lumen open
through it to become the seminiferous tubule. Both epithelial cells and
primordial spermatagonia may be found in the walls of this tubule. A
third type, known as Sertoli's cell, is also found here. These latter are

called nutritive or nurse cells for the developing spermatozoa. Just what
function these cells have aside from this supposed nursing, is unknown.
The testes remain in the position where they first appear in most verte-

brates, but in nearly all the mammals they descend to assume a position

outside the body cavity. They are enclosed in a special pouch called

the scrotum. ^^^ REPRODUCTIVE DUCTS
As fertilization is necessary in at least all the higher forms of

animals, there must be some method by which the sperm or the eggs,
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as well as the young in viviparous animals, may be carried to the outside

of the body. The sperm-ducts of the mammal are known as vasa defer-

entia. (Fig. 457.) The tgg ducts of the female are called oviducts

(Fallopian tubes). The vasa deferentia are usually the Wolffian ducts,

but in the female the oviducts may be either the Miillerian ducts, or

specially developed tubes, or even merely abdominal pores. In prac-

tically all the forms we are studying, the Wolffian ducts serve as the

outlet for the sperm.

At the same time that the tubules, which are to carry the

sperm, are developing, there is an outgrowth of cells from the Bow-
man's capsules at the cephalic end of the mesonephros to form

medullary cords. These latter continue their growth into the genital

ridge until they connect with the seminiferous tubules. All of these

acquire a lumen and both together form a continuous transverse

tubule, known as the vasa efferens. (Fig. 458.) This continuous tube

leads from the genital cells to the Malpighian corpuscles and thence

by the mesonephric tubules to the Wolffian duct. The vasa efferentia

become connected by a longitudinal canal before actually entering the

Wolffian body. There is also usually a second longitudinal canal

which connects them in the body of the testes. The connection of testis

Fig. 457.

' 't/^fifagrams of urogenital systems of female fishes. A, Afri-

can lungfish Protopterus; B, African ganoid Polypterus; Ameri-
can ga^fl"*^«jjia; B4\0ie garpike Lepidosteus; E, most teleosts;

F, trou? arid salmon. ap, abdominal pore; ch, cloacal bladder;

c/, ,|cloaca;
/^i

funijel of oviduct; gp, genital pore or papilla; m,
rriesonephrbsr o; ovary; od, oviduct; r, rectum; s, urogenital sinus;

up, urinary pore, (papilla); ugp, urogenital pore (papilla); w,
WolAiari ducts. (From Kingsley after Goodrich.)
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Fig. 457.

II. Diagrammatic representation of the ' modifications of the

urogenital ducts. 1, 2, male and female Newt. 3, a tubule of

the kidney. 4, Male Frog. 5, Male Toad. 6, Male Bombinator
(European Frog). 7, Male Discoglossus (Fire-bellied toad). 8,

Male Alytes (obstetrical toad), d, artery entering and producing a
coil in the Malpighian body, M; B, Bidder's organ; ef.s.c,
efferent segmental canal; F.B, fat-body; gl, glomerulus; K, kidney;
l.c.c, longitudinal collecting tubule; M, Malpighian body; Md,
Miillerian duct; A'^, nephrostome; O, ovary; ov, oviduct; s.d., seg-

mental duct; T, testis; Ur, ureter; V.d., vas deferens; V.s.,

seminal vesicle. (After Gadow.)

and Wolffian body, while usually taking place at the cephalic end of

the mesonephros, may, as in some of the lung fishes, take place at the

caudal end.

At about this time the glomeruli of the tubules degenerate. This

means that the part of the mesonephros in which these glomeruli degen-

erate is no longer excretory, but has become a part of the reproductive
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system. It will be noted, then, that sperm can pass throughout the

lumen of a tube the entire distance from their origin to their exit from
the body.

The cephalic end of the Wolffian duct becomes purely reproductive

in the male, it being considerably coiled to form the epididymis. (Fig.

458.) In the amniotes, where the hinder portion of the mesonphros is

supplanted by the true kidney (metanephros), the whole Wolffian duct
is a sperm duct (vas deferens) in the male, while in the female it largely

or completely degenerates. In the amphibia and elasmobranchs the

hinder end of the duct is both reproductive and excretory in the male.

In the female it is purely excretory.

"In the ichthyopsida, other than elasmobranchs and amphibia, the

sperm is carried to the exterior in other ways, and there is no connection

of the testes with the excretory organs. In the cyclostomes the sperm
escapes from the testes into the coelom and then is passed to the exterior

by way of the abdominal pores which in the lampreys open into a cavity

(sinus urogenitalis, Fig. 457) which also receives the hinder ends of the

Wolffian ducts. In the myxinoids the pores are united, and they open to

the exterior behind the anus and between it and the urinary openings."

OVIDUCTS
As already stated, in many forms, the Miillerian duct is the direct

result of the splitting in two of the pronephric duct which then serves as

the oviduct. At its separation from the Wolffian duct the Miillerian

duct opens into the coelom by means of the pronephric tubules and their

nephrostomes. These then flow together and form a larger opening,

called the ostium tubae abdominale, on each side. (Fig. 458.) In the

elasmobranchs the ostia are usually united ventral to the liver. The
eggs which are thrown out of the ovaries into the coelom are picked up

by the somewhat trumpet shaped extensions around the ostia and carried

into the oviduct. In some forms the pronephric tubules and nephro-

stomes take part in the formation of the ostium tubae and the beginning

of the oviduct; however, as in all the higher forms, the remainder of

the oviduct arises by the formation of a groove of the peritoneal mem-
brane close beside the Wolffian duct. This becomes rolled into a tube

to form the Miillerian duct. In the amniotes the anterior end of the

groove does not close, but remains open as the ostium tubae. (Fig. 458.)

It is difficult to trace the successive stages from the most primitive

to the most highly developed types of oviducts. Some writers regard the

condition of the oviduct in the elasmobranchs as the most primitive.

Some contend that we have here a homologous condition—a condition

resulting from similar primitive structures; others that it is rather analo-

gous and an example of convergent evolution in that these organs,

having been used for similar functions, have come to appear somewhat
alike structurally.
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It can be seen how difficult valid comparisons are when we have

such varying- conditions in the lower, but nevertheless supposely related

forms, as this : In the cyclostomes the eggs are thrown from the ovaries

testis

vasa efferentia

epididymis (vestige

•f mesonephros)

unnary
bladder

Fig. 458.

Diagrams to illustrate the urogenital system of male and female anamniotes and
amniotes. A, male elasmobranch or amphibian; the mesonepheros is differentiated

into anterior genital and posterio-excretory portions; the genital part is connected

with the testis by means of the vasa efferentia, which are outgrowths from the

mesonepheros, the mesonepheric or Wolffian duct serves as both genital and ex-

cretory duct; the oviduct or Miillerian duct is vestigial. B, female elasmobranch or

amphibian; the ovary is not connected with the mesonephros; the mesonephros
and mesonephric duct serve only excretory functions; the oviduct is well developed

and opens into the coelom by the ostium near the ovary. C, male reptile, bird, or

mammal. The excretory part of the mesonephros has disappeared but the genital

part persists as the epididymis (in part) which is connected as in anamniotes with
the testis by means of the vasa efferentia; the Wolffian duct is purely genital and
is renamed the vas deferens; the excretory function is served by the metanephroi
and ureters. D, female reptile, bird or mammal; the mesonephros and Wolffian
duct have entirely vanished; the condition of the ovary and oviduct is the same
as in anamniotes; the excretory function is served by the metanephroi and ureters

exactly as in the male. (From Hyman's modification of Wilder.)
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directly into the coelom, being passed out through abdominal pores; in

the teleosts alone there are several conditions, the ovaries of some are

simple and composed of solid bands or are sac-like, having an internal

lumen. In the simple forms the eggs pass into the coelom and thence to

the exterior by abdominal pores or by oviducts of varying lengths. We
do not know whether these ducts are true Miillerian ducts or whether

they are new formations.

The sacular condition of the ovaries may come about by the free

edge of the ovary bending laterally and fusing with the wall of the

coelom. This forms a cavity, called the parovarial canal, closed in front.

Or there may be a groove in the covering epithelium forming on the

surface of the ovary. In this case, as it closes and sinks inward, it forms

what is called an entovarial canal. In either case the canal may extend

to the most caudal end of the body cavity and form an oviduct in this

manner, or the oviduct may be formed from both kinds of canals, one

in front, the other behind.

''From this it would appear that the ovary originally extended back

to the hinder end of the coelom (as it does in Cyclopterus) or that the

par- or entovarial canal had united with a Miillerian duct which has

otherwise been entirely lost. The oviducts thus formed usually unite

before opening to the exterior, either directly or via a urogenital sinus."

It will be remembered that there are shell glands (likewise called

nidamental glands) in those animals which are oviparous, although these

may appear in viviparous forms also; they are but slightly developed in

these latter instances. It is interesting to note that in some species of

elasmobranchs the eggs are larger than those of an ostrich. In this same
type of animal the caudal or inner side of the pelvic fin is specialized

for a copulatory organ as fertilization is internal in the elasmobranch.

In the amphibia, there are many interesting accessory reproductive rela-

tions, as mentioned in the chapter on classification of vertebrates. The
caecilians and Amphiuma lay their eggs in long strings in the soil and
the female incubates them, although the male often takes charge of the

eggs. In Pipa, each egg undergoes development in a pit in the skin of

the back of the female, and in Nototrema and Opisthodelphys (South

American tree-toads), there is a large pocket in the skin of the back,

opening near the coccyx, where the eggs are carried until partially

(Nototrema) or entirely developed. Salamandra maculosa and S. atra

bring forth living young, the former possessing gills at birth, the latter

in the adult form.

In the higher forms of vertebrates there is a definite single copula-

tory organ. Among the sauropsida Sphenodon alone lacks all copulatory

organs, while in most birds they are incomplete. The males of croco-

diles, turtles, ostriches, ducks, geese, and swans are among the very

few that have a definite structure homologous to that of mammals for
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this purpose. In snakes and lizards, several sacs are developed from the

caudal wall of the transverse anus. They resemble appendages in the

embryo and form real copulatory organs called hemipenes. They are

present in both sexes though very small in the female. As growth con-

tinues, retractor muscles are developed which draw the organs back into

pockets where they are retained at all times except when used for copu-
lation. The simplest form of the copulatory organ is produced by a

thickening of the ventral wall of the cloaca. There is a longitudinal

groove, formed in the upper surface of this, through which the sperm
may pass. It may be divided into right and left halves, the tip of which
forms the glans penis. The homologous structure is the clitoris which
forms in the female though all parts but the glans are lacking.

In the mammals, while there are two pronephric tubules outlined in

the embryo, they never are functional and the pronephros degenerates.

The mesonephros, however, is definitely used during foetal life, and in

the marsupials and monotremes it even functions sometimes after birth.

However, in all forms of mammals it disappears in time, with the excep-

tion of the efferent ductules of the testes and a few remnants in both

sexes. The metanephros, which becomes the permanent kidney, has

several lobes in the early stages. A definite lobe is formed for each

end branch of the ureter so that each lobule has it own duct. This
condition is retained in "adult elephants, some ungulates, carnivores and

primates, and especially in the aquatic

species (whales, seals), the lobules being
most numerous (200+) in some whales. In

all other species the ducts fuse and the

lobules unite later into a compact mass
lying in the lumbar region near the last rib."

These lobules are the cause of the cortex

and medulla of the kidneys forming two
series of interlocking pyramids. (Fig. 459).

In the early embryonic stages the

gonads lie cephalad to the kidneys.

The ovaries are usually equally de-

veloped in the mammals except in the

monotremes ; here the left is the larger. "It

is of interest that eggs—one in the Echidna,
two in Ornithorhynchus—have been found
only in the left oviduct." The ovaries,

unlike the testes, always remain in the
body, and in the monotremes retain their

early position. "They are supported by the
mesovaria which are attached to the median
side of the double fold of the peritoneum
which supports the mesonephros. When

Fig. 459.

Longitudinal section through
kidney. 1, cortex, 1', medullary
rays; 1", labyrinth; 2, medulla; 2',
papillary portion of medulla; 2",
boundary of medulla; 3, transverse
section of tubules in the boundary
layer; 4, fat of renal sinus; 5,
artery; transverse medullary rays;
A, branch of renal artery; C,
renal calyx; U, ureter. The pyra-
mids are located between the fat
portions and form the papillae.
(From Hill after Tyson and
Henle.)
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the Wolffian body degenerates, the fold becomes the broad ligament

while another fold continues down the Miillerian duct as the ligament

of the ovary. In some mammals the ovaries have, in addition, a special

fold of the peritoneum, which in the rats and mice encloses the ovary

and the ostium tubae connected with its opening."

"The testes are relatively small and are shaped much like the ovaries

and at first they are at about the same level. The outer surface is smooth,

a fibrous envelope, the tunica albuginea, having developed around

them, which sends trabeculae inward, dividing the seminiferous tubules

into lobules. Except in the monotremes, the testes descend farther

into the pelvic cavity, remaining permanently in the pelvis in many in-

sectivores, some edentates, elephants, whales and Hyrax. In other

groups they pass outside the pelvic cavity to be enclosed in a special sac,

the scrotum. The testes are supported by a cord, the gubernaculum,

the homologue of both ligaments of the ovary.

*'The change in position of ovary and testis is accomplished in part

by the unequal growth of body wall and the supporting ligaments. In

the case of the male this descent of the testes is complicated. (Fig. 460.)

In outline it is as follows : By the unequal growth of gubernaculum and

body wall, the testes are drawn down into the scrotum which is a pro-

truding part of the body wall into which a part of the coelom extends.

This wall is formed in part from the genital folds which surround the

genital eminence. It lies in front of the penis in the marsupials, behind

it in all placental mammals. When the canal connecting the cavity of

the scrotum (bursa inguinalis) remains open as it does in marsupials,

bats, rodents, insectivores, etc., the descent is temporary, the testes

being withdrawn into the peritoneal cavity at the close of the breeding

season by the cremaster muscle, developed from the transverse abdomi-

nal muscle. In other mammals the descent is permanent, though some-

times it does not occur until the time of sexual maturity."

In the monotremes, the
Miillerian duct is divided into

a cephalic portion, known as

the Fallopian tube, and a cau-

dal portion, the uterus, al-

though the line separating

these two is not very definite.

The broad trumpet-shaped end

of the Fallopian tube connects

with the coelom, while the tube

itself secretes the albuminous
covering of the eggs. The uterus is more muscular than the Fallopian

tube, and it is here that the horny shell is formed. The uterus then

opens directly into the urogenital sinus to connect the cloaca with the

exterior.

Fig. 460.

Descent of the testis ac, abdominal cavity; g,
gubernaculum; pv ; processus vaginalis; t, testis; s,

scrotum; tv, tunica vaginalis; x, rudiment of processus
vaginalis.



Urogenital System 395

In other forms of mammals, the end of the Miillerian duct between
the uterus and the urogenital sinus forms a vagina. In marsupials there

are two vaginae and sometimes three.

When the two caudal ends of the Miillerian ducts fuse as in many
placental animals, such as in rodents, two uteri are formed, each with
a separate opening into the vagina. (Fig. 461.) In the carnivores and
ruminants where the fusion is carried still farther back, forming in

reality two uteri with only one opening, it is called a uterus bipartibus;

where it is carried still farther, forming two horns, it is called uterus

bicornuus. For the uterus simplex the fusion is entirely complete, as

in all primates, the two Fallopian tubes alone remaining as evidence of

its bilateral formation.

In the female, the Wolffian duct and the mesonephros are largely

Five varying uteri. A Monotreme; B, Marsupials; C, duplex uterus; D,
bicornuate uterus, and E, Simple uterus, ost.abd., abdominal opening (ostium)
into oviduct; ovid., oviduct; s.u.g., urogenital sinus; ut, uterus; vag., vagina;
ves., urinary bladder. Such uteri as A and B open into the urogenital sinus,
while C, D, and E, open into the vagina. (After M. Weber.)

lost in the adult; the mesonephros forms a small collection of tubules

near the anterior end of the ovary which is known as the parovarium.

The Miillerian duct in the male is also largely lost, the lower portion

sometimes persisting as a small blind tubule imbedded in the prostate

gland and known as the uterus masculinus. (Fig. 462.)

Between the tubules in the testes there are small aggregates of cells

known as interstitial cells, which are glands of internal secretion. In

man, their products, which pass into the blood, apparently cause the

assumption of the secondary male characters—growth of hair on the

face, change of voice, etc.—at the time of puberty. There would also

seem to be some analogous structure in the ovary governing the devel-

opment of female characteristics and controlling some of the features

of menstruation.

There are also a number of accessory glands (Fig. 462) connected

with the genital ducts, usually better developed in the male than in the

female. The more prominent ones are : the seminal vesicles (present in

some rodents, bats, insectivores and in ungulates and primates), a pair

of tubular or saccular glands opening into the vasa deferentia just before

these enter into the urogenital canal ; the prostate glands (occurring
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in all placental mammals with the exception of edentates and whales),
connected with the urogenital canal; and farther along, the canal

Cowper's glands are found. These occur in almost all mammals as

scattered bodies or aggregated into larger masses surrounded by smooth
muscle.

Considerable uncertainty exists as to the exact functions of any of

these glands. The removal of the prostate and the seminal vesicle in

rats prevents fertilization, while the secretion of the seminal vesicles

increases the activity of the spermatozoa. It seems probable that they

are of great importance in connection with fertilization. It has also

been shown that in some instances the coagulation of the secretion of

these glands closes the vagina after copulation and thus prevents the

exit of the sperm.

In the monotremes, the cloaca serves as a general gathering place

for both the products of the urogenital sinus and the excreted matter

c.cav
;

•SVJ.'J. ut.tn.

P-9' 'r,n \
Gp.

VCft.

Fig. 462.

A B The reproductive organs of the rabbit. A, male; B, female. In each
case the dissection is made from the left side, the animal lying on its back, bl.,

Bladder; c.cav., corpus cavernosum; c.cav.cl., corpus cavernosum of the clitoris;

Cp., Cowper's gland; epd., cauda epididymis; epd'., caput epidiymis; F.t.,

Fallopian tube;_ j.o., fimbriated opening of the same; ov., ovary; p.g., perineal
gland; pn., penis; pr., prostate; r.g., rectal gland; rni., rectum; sc.s., scrotal sac;

sp.c, spermatic cord (cut short) ; ^:ym., symphysis pubis; t., testis; ur., ureter;

ut., uterus; ut.m., uterus masculinus; uth., urethra; v.d., vas deferens; vag.,
vagina; vest., vestibule.

C, male, and D, female reproductive organs of dogfish, cl.. Cloaca; /./., "falci-

form", ligament; i.o.d., rudiment of the internal opening of the oviducts; l.t., left

testis; msn., mesonephros; mso., mesorchivtm; mtn., metanephros; od., oviduct;
oes., oesophagus; ov., ovary; r.t., right testis; rm., rectum; sh., shell gland; sp.s.,

sperm sac; u.g.p. and v. p., urinogenital papilla; u.g.s. and ur.s., urinogenital sinus;
ur., ureter; ur'., ducts of metanephros; v.eff., vasa efferentia; ves.sem., vesicula
seminalis; W.d., Wolffian duct or vas deferens.
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from the digestive canal and kidneys. This cloaca has only a single

opening to the exterior and it is from this fact that the name monotreme
has been taken. In all other mammals there is a definite and complete

separation of the faecal and urogenital matter. This separation is

brought about by a horizontal partition dividing the cloaca into a dorsal

rectum and a ventral urogenital portion. This space between rectum

and urogenital portion is called the perineum.

Fig. 462.

E, The urogenital organs of a female pigeon. K,_ kidney (metanephros) with
three lobes; u., ureter; ci., cloaca; ov., ovary; od., oviduct; f.t., funnel at end of

oviduct; r.r.od., rudimentary right oviduct.

F, The urogenital organs of a male pigeon, T., testes; V., base of inferior

vena cava; S.R., suprarenal glands; K., kidneys with three lobes (1, 2, 3); ».,

ureter; v.d., vas deferens; v.s., seminal vesicle; cL, cloaca. (A, B, C, D, from
Borradaile; E, F, from Thomson.)

ORGANS OF COPULATION

In both sexes of mammals, the same anlagen of the external genitalia

are found as already noted in the study of embryology. These consist

of a genital prominence which is formed from the ventral or anterior

wall of the cloaca. This then protrudes from the opening and, when
the perineum is formed, two thickenings appear on each side, a medial

genital fold and a larger and lateral ridge, which extends back nearly.

to the level of the anus. The genital prominence never develops much
farther in the female, while the folds and ridges become the labia minora

and majora. In the male, however, a groove is formed on the primitively

dorsal surface of the prominence which continues into the cloaca. Then
the folds grow together behind the prominence, closing the groove so as

to form a tube, the urethra, and the prominence becomes the glans penis.



398 Comparative Anatomy

ovid.r.

ovid.r cvid.t.

A similar growth of the genital ridges toward the median line results in

the formation of the outer wall of the scrotum.

While internal fertilization

takes place in most of the higher

forms of animals, there are many
vertebrates, such as the cyclostomes,

most fishes with the exception of the

elasmobranchs, and many amphibia
in which fertilization does not take

place until after the eggs have

passed from the body of the female.

The organs by which sperm is

passed to the female are formed in

many ways and are not considered

homologous in the different forms.

As we already know from the

study of the earthworm, there are

animals possessing both ovaries and
testes. Such animals are commonly
termed hermaphrodites. True her-

maphrodites must have both ovaries

and testes functional. (Fig. 463.)

It is interesting to note that, while there are occasional hermaphro-
dites among the lampreys, this is a rather common occurrence in the

myxinoids. In these the cephalic end of the gonad is male, while the

caudal end is female. However, usually, only one or the other of these

functions, so that the animal is either predominantly male or female.

Hermaphroditism has been found among the frogs, while in toads there

is often a "Bidder's organ" lying directly in front of the gonads of the

male but containing immature ova. (Fig. 457.) Cases of hermaphrodit-

ism, although possible, are seldom found in mammals, the so-called cases

being merely arrested growth in the male, preventing the two portions

of the scrotum from joining in the mid-line, or an hypertrophy of the

clitoris in the female.

ADRENAL ORGANS

Fig. 463.

Hermaphrodite Frog, f.k., fat-bodies; n.l.

and n.r., left and right mesonephroi; ovid.l.

and ovid.r., left and right oviducts; test. I. and
test.r., left and right testes. (After Mitro-
phanoff.)

Closely associated with the nephridial structures lie two small duct-

less glands, one connected with each renal organ in the higher forms.

In the lower vertebrates each one of these is in turn composed of two
structures. In the amphibia and amniotes, one portion, called the supra-

renal, forms the medulla, while the interrenal forms the cortex of the

mammalian adrenals. (Fig. 351.) The suprarenal portion is always

connected with the sympathetic nerve ganglia, some of the cells always

retaining their nervous character. Other cells, because they stain brown
or yellow with chromic salts, are called chromaphile or phaeochrome
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cells. (Fig. 464.) These are usually quite closely related to blood vessels.

The interrenals arise from the

epithelium of the coelom. There
is as yet considerable doubt as

to whether they are connected

with pro- or meso-nephros, or

whether they are totally distinct

in origin. They arise as isolated

clusters, or bands, of cells near the

dorsal margin of the mesentery.

Sometimes they are bilaterally

symmetrical, and in the lower
vertebrates may extend through-

out the entire length of the

coelom in the early stages.

Both interrenals and supra-

renals are separate in the fishes.

The interrenals are the more com-
pact of the two and lie between

the excretory organs of the two sides of the body.

The suprarenal tissue forms the medulla of the adrenals from a

series of tubules through which the blood from the suprarenal artery

circulates before it is carried away by the vein. The adrenals are closely

associated with the Wolfifian bodies in amphibia (Fig. 351), either being
attached to the inner margins (urodeles), or forming yellow stripes

(anura) on the ventral surface. In the reptiles they are lobulated bodies

near the gonads.

It is from the medullary portion in mammals that adrenalin, some-
times also called epinephrin, is obtained. This is an activator or

hormone which acts directly on the muscles and causes an increase in

blood pressure.

A.
rabbit,
aorta;
rectum

Fig. 464.

The phaeochrome system of a just-born
B, The same in a forty-five day girl, a,

k, kidney; p, phaeochrome bodies; r,

s, suprarenal; m, ureter. The connection
between the bodies and the central portion of the
suprarenal is shown in A. (From Kingsley after
Kohn.)

SUMMARY OF THE UROGENITAL SYSTEM

Fishes (Fig. 457) :

The excretory system consists of elongated bodies situated in the

median dorsal part of the coelom. These bodies are composed of nephric

tubules which have funnel-like nephrostomes opening into the coelom.

The functional kidney is a mesonephros. The ovaries and testes (with

the exception of the teleosts) are sac-like structures which have ducts,

oviducts, and vasa efferentia developed in connection with the primitive

nephridial duct, as in other groups.

In teleosts, there are no vasa efiferentia or true oviducts, for the

posterior ends of both testes and ovaries are continued into a duct direct;

the duct from the testes unites with its fellow on the opposite side to
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empty into either a urogenital sinus or directly to the outside, and the

one from the ovary takes the eggs direct from the ovary before they

enter the coelom as in most of the higher forms.

The eggs of different fishes range from large heavily-yolked eggs

with chitinous shells, as in the modern elasmobranchs, to the small

pelagic eggs of many modern teleosts. The eggs pass out through the

ducts of teleosts as mentioned in the preceding paragraph or through

abdominal pores as in ganoids and in some Physostomi.

For the most part, fish-eggs are fertilized in the open water,

although there are many orders which practice internal impregnation

and are viviparous.

Most of the teleosts are dioecious but some are hermaphroditic.

Serranus, a member of the perch family, is even self-impregnating;

Chrysophrys is successively male and female; while cod and herring

often exhibit the hermaphrodite condition, though this is abnormal.

Dogfish (Eig. 462) :

The pronephros is never functional as an excretory organ. The
nephrostomes fuse to form the ostium tubae in the female.

The pronephric duct splits into both a Wolffian and a Mullerian

duct. The nephrostomes close in the adult. The anterior end of each

mesonephros is narrov/ed, and, in the male, this connects with the

anterior end of the Wolffian duct to form a connection with the testes.

The epididymis consists of the coiled anterior end of this connection.

The Mullerian ducts become the oviducts. The oviducts of both

sides connect with the coelom. The common opening thus formed is

the ostium tubae abdominale.

The eggs leave the ovary, pass to the ostium, and are then carried

backward to a shell-gland. The enlarged portion of the tube forms the

uterus.

In the male, the anterior end of the mesonephros forms the epididy-

mis while the vasa deferentia of both sides unite to form a urogenital

sinus. There is an oval sperm-sac connected on each side. Fertilization

is internal.

The suprarenals are metameric and may be imbedded in the

mesonephroi.

Amphibia (Fig. 457) :

'

The pronephros functions until metamorphosis. The tubules then

degenerate. In the adult frog and other tailless amphibians, the nephro-

stomes of the mesonephros separate from the nephridial tubules to join

with branches of the renal blood vessels so that the coelom is in direct

connection with the excretory system.

The Wolffian duct carries the nephridial waste and the same duct

also acts as the vas deferens in the male just as it does in the dogfish.
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Where these ducts enter the cloaca there is an enlargement on each to

form the seminal vesicle.

The urinary bladder lies ventral to the cloaca. The eggs ])ass into

the body cavity and thence into the ostium tubae.

Fertilization is external in the tailless amphibians, but internal in

tailed amphibians. The male of the tailed amphibians secretes a sub-

stance which binds the spermatozoa into little packets called spermato-

phores. There are various accessory reproductive relations as mentioned

in the chapter on classification.

Reptilia and Aves (Figs. 462, 465) :

The kidneys are metanephric bodies which

pass their excretion through paired ureters

directly to the cloaca in the reptiles and

from here into a urinary bladder which, in turn,

empties into the cloaca. The pronephros never

functions, and the mesonephros (always lack-

ing nephrostomes) may function after hatch-

ing for a time in some reptiles. In the female,

the mesonephros, after degenerating, is pre-

served as the "yellow-body." The male repro-

ductive organs consist of a pair of testes, a

pair of much coiled vasa deferentia through

which the sperm passes to the grooved penis;

the latter organ being attached to the front of

the cloaca. The female organs consist of

paired ovaries and large oviducts provided

with albuminous and shell glands. The eggs

when laid are covered with a tough shell ; those

of reptiles are usually buried in the ground.

Many reptiles are, however, viviparous. The
Wolffian duct is the urinary tube. The

mesonephros functions in both sexes but later degenerates in the female.

It persists in the male as the vas deferens.

In birds the left ovary alone remains functional.

Mammalia :

Only two pronephric tubules form and these never function. The
mesonephroi function in foetal life and in marsupials and monotremes

for some time after birth. Nephrostomes never form except in Echidna.

In some rodents no glomeruli occur. The kidneys are of the metanephros

type. They are usually asymmetrical in position, one lying anterior to

the other. The ureters lead directly to the urinary bladder which is

formed out of the remains of the allantois.

The ovaries are never single as in birds. They are very small on

account of producing minute eggs with little or no yolk. This small

Fig. 465.

Cloaca and urogenital
organs of a turtle, Chelydra
serpentina, c, c', blind sacs of
cloaca; cl, cloaca; e epididymis
and vas deferens; p, penis; r,

kidneys; re, rectum; s, groove
on penis; t, testis; u, ureter;
v,g,, cloacal opening of bladder;
V, bladder. (From Sedgwick's
Zoology, after Gegenbaur.)
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size of ovaries and eggs is well fitted to the habit of uterine gestation.

The paired oviducts enlarge to form paired uteri, and in some groups

these unite into a single median uterus.

The testes at first lie in the body cavity, as in reptiles, and occupy

positions homologous with those of the ovaries. In most mammals, with

the exception of monotremes, whales, elephants, armadillos, and a few

others, the testes descend into the scrotum. The penis of the male

mammal is homologous with the clitoris of the female.



CHAPTER XXVII
THE MUSCULAR SYSTEM

THE general muscular system has been discussed in considerable

detail in the study of the frog, while the development of the mus-
cles was taken up in the study of embryology.

It will be remembered that histologically there are voluntary and

involuntary muscles ; the former are striated, the latter smooth, while

the heart muscles are a sort of combination of these two.

The smooth muscles have their beginnings in mesenchyme, and,

being involuntary, are innervated by the sympathetic nervous system.

Their action is also much slower than that of the striated muscles. They
are found in the skin, in the walls of blood vessels, in the walls of the

digestive canal and in the urogenital system.

The striated muscles have their origin in the walls of the coelom

and are of mesothelial origin. They are supplied by the motor nerves of

the central nervous system. They are all voluntary except those at the

more cephalic end of the digestive tract. Striated fibers may be found

in the body walls, in all organs of locomotion, in the head, in the

diaphragm, and in the cephalic end of the alimentary canal.

The voluntary muscles arise from the somites (which divide into

myotomes and lateral plates, after the epimeres have given rise to the

sclerotomes and dermatomes).

The myotome grows downward between the hypomere and the skin

to meet its fellow on the opposite side in the median ventral line. This

produces 'a completed coat of voluntary muscles which lies beneath the

skin. The muscle coat is divided into a dorsal and ventral part by the

horizontal skeletogenous partition (Fig. 423) which intersects the skin

at the lateral line. The dorsal muscles are called epaxial, and those

ventral to the septum, hypaxial.

The muscles originating from the lateral plates in the gill-arch

region, which move the gill arches, are called visceral muscles.

The muscles originating from the myotomes are called parietal or

somatic muscles.

All muscles except the diaphragm and heart (the heart is always

included under the circulatory system) are divided into three groups

known as parietal, visceral, and dermal muscles.

From the study of embryology it will be remembered that the

myotomes were cut ofif from the walls of the coelom, each one forming a

closed sac, the inner wall called the splanchnic layer and the outer the

somatic layer. The more dorsal cells of the splanchnic layer develop

many nuclei which can be seen in the interior of the cell in the lower
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vertebrates. They are quite close to the surface in the muscle fibers

of mammals. Each myotome has its splanchnic wall converted into a

muscle so that there are as many primitive muscles as there were
myotomes.

The somatic wall of the myotomes does not become muscle but

changes into mesenchyme from which the corium of the skin develops.

Some of the mesenchyme protrudes between the various myotomes and

there forms fibrous connective tissues that later become the ligaments

which connect the various muscles of a side.

This primitive muscle segmentation can still be seen in the inter-

costal and rectus abdominis muscles.

The myotomes lie close to the level of the notochord and spinal

cord, but they grow both dorsally and ventrally, working their way
between the skin and the walls of the coelom to become an actual part

of the- somatopleure.

Ventrally, the muscles from both sides grow toward each other and,

practically, meet at the mid-ventral line. The direct mid-ventral line,

which is filled with connective tissues, is known as the linea alba.

In the fishes, the trunk and tail muscles are arranged in myomeres
which take a ziz-zag course. (Fig. 401.) The muscles are divided hori-

zontally into dorsal and ventral portions (Fig. 423), the epaxial and

hypaxial muscles, a line of division which follows more or less closely

the lateral line. The plates of muscle do not retain their flat ends in the

adult, but one end becomes conical and fits into a corresponding hollow

in the next plate. In the tail of the amphibia, epaxial and hypaxial

muscles are clearly recognizable, but farther forward the hypaxials are

greatly reduced, and in the amniotes, the reduction is carried so far that

the epaxial muscles, greatly modified, can only be recognized in the

cervical and pelvic regions, the

"tender-loin" being epaxial.

The developmental conditions

are more complicated in the head

than in the trunk. In the head

region of fish and birds, ten

coelomic pouches develop, while

in amniotes the number is appar-

ently twelve. These are known
by number, with the exception of

the most anterior which was not

known when the numbers were

applied and is called A. These

coelomic or head cavities differ

from the myotomes farther back

by having no undivided portion

Fig. 466.

The head of a dogfish, seen from above with
the right orbit opened, e., eyeball; o.i., o.s., in-

ferior and superior oblique muscles; r.e., r.int.,

r.s., external, inferior, internal, and superior recti

muscles; s.p., spiracle; //., optic nerve; IV.,
fourth nerve. (From Borradaile.)
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of the coelom below corresponding to the hypomeral zone. This differ-

ence is possibly due to the existence of visceral clefts in this region.

Four of these cavities lie in front of the ear of which A disappears

completely, its cells joining the mesenchyme. The other three give

rise to the "eye muscles" which move the eyeball. (Fig. 466.) In gen-

eral, 1, which lies in front of the mouth, gives rise to four muscles, the

inferior oblique and three of the rectus muscles ; 2, which lies in the

region of the jaws, forms the superior oblique muscles; while 3, in the

hyoid region, develops the lateral (external) rectus (in some animals also

a retractor bulbi). The origin of these muscles explains the distribution

of the eye-muscle-nerves, as each nerve supplies only the derivatives of

a single myotome. Several of the other myotomes disappear in develop-

ment, but the posterior becomes the so-called hypoglossal musculature.

We have been describing only the origin of the contractile tissue of

the muscles. There is also a connective tissue to be considered.

Mesenchyme cells invade the muscle fibers to form envelopes

(perimysium) which bind the fibers into bundles (fasciculi) ; these in

turn, are united by other envelopes called fascia. These connective-

tissue envelopes continue beyond where the contractile tissue leaves

off to form the cords, or tendons, by which the muscle is attached. The
more fixed point of attachment is called the origin, the less fixed the

insertion. Tendons may be of any shape ; such as long and slender, so

as to allow the muscle to lie in or near the trunk, the part to be moved
being in the appendage ; or they may form broad flat sheets (aponeu-

roses). These latter may occur not only at the ends but in the middle

of a muscle.

Sometimes parts of tendons ossify, as in the patella or in the ''drum-

stick" of the turkey. Such small rounded ossifications of this kind are

sesamoid bones.

In a few cases, as for example, around the eye and mouth of

mammals, the parietal muscles are without attachment. Here they

form rings which are used to diminish the size of an opening (sphincter

muscles).

Muscles vary considerably as to shape, size, number of "heads" or

points of origin, and numbers of contractile portions.

Muscles are usually arranged in antagonistic groups so that any

given action may likewise be reversed. We thus have flexors to bend a

limb and extensors to straighten it ; elevators to close the jaw, depressors-

to open it, etc.

It is rather difiicult to trace exact homologies. The test usually con-

sidered best is to trace the nerve supply, for every muscle derived from

a given myotome is innervated by branches of the nerve which also

originally connected with that segment. A further test is the origin

and insertion. The action of a muscle is of little value in a test for

homologies.
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A difficulty in the drawing of conclusions from specimens before one,

comes from the fact that a muscle may split into various layers either

longitudinally or transversely, and some even, though entirely different

in origin, may fuse together, while others, either in part or in whole,

may degenerate and disappear entirely. Should one take nerve supply

as a guide, as is usually done, it will be seen that the facial muscles,

especially those of the higher mammals, have certainly wandered a long

way from their embryologic origin.

The names and location of muscles of the frog should be thoroughly

reviewed at this point.

In the higher vertebrates the anterior spinalis differs from the frog

by being divided into several rectus capitis muscles which connect the

first vertebra with the skull.

The longissimus dorsi group lie on each side of the vertebral spines

in the angle between spinous and transverse processes and extends from

the pelvis to the head. This group is made up of a longissimus dorsi

proper in the lumbar region, an ileo-costalis (inserted on the dorsal part

of the ribs), and a longissimus capitis along the side of the neck to the

temporal region of the skull.

The muscles of the appendages are divided into intrinsic and extrin-

sic groups. The former have their origin in or on the appendicular skele-

ton itself; the latter have their origin on the trunk or axial skeleton and

their insertion on the girdle or base of the limb. Intrinsic muscles,

therefore, move parts of the limb ; extrinsic move the limb as a whole.

Muscles are often divided according to their action as already seen.

Protractors draw a member forward ; retractors pull it back against the

body ; levators lift it, and depressors pull it down ; flexors bend a limb

or its parts ; extensors straighten it and rotators turn it upon its axis.

Some of the more prominent muscles are as follows

:

Levators :

trapezius (for fore limb),

levator scapulae (for fore limb).

Depressors:

pectoralis (for fore limb),

serratus anterior (for fore limb).

Protractors :

pectineus (for hind limb),

adductors (for hind limb),

sternocleidomastoid (for fore limb),

levator scapulae anterior (for fore limb).

Retractors :

pyriformis (for hind limb),

pectoralis minor (for fore limb),

latissimus dorsi (for fore limb).
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The pubofemoralis draws the hind limb toward the mid-line while
the gluteus muscle acts as a retractor and elevator.

THE VISCERAL MUSCLES
As already stated, the gill-bearing vertebrates develop a special

system of muscles in connection with the visceral arches which are used

bs

pc

branch of facial nerve

parotid duct

masseter

digastric

mylohyoid

subniaxillary gland

sternohyoid

cephaJohumeral

first deltoid

lateral head of the triceps

long head of the triceps

pcctoralis major

serratus ventralis

B.

parotid gland

rhomboideus capitis

splenius

external jugular vein

levator scapulae ventralis

pectoralis minor

anterior trapezius

posterior trapezius

— latissimus dorsi

external oblique

Fig. 467.

A, Superficial muscles of the cephalic part of the tailed ainphibian Salamandra
maculata. a, anconeus; bi, humero-brachialis inferior (biceps); he, levator
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for the purpose of opening and closing the clefts and also the mouth.
In the higher forms many of these muscles have disappeared although

some do retain their connection v^ith the hyoid.

Visceral muscles are often divided into tw^o sets according to their

genioglossus

styloglossus

geniohyoid

hyoglossus

constrictor pharyngis

mandible

molar gland

masseter

digastric

mylohyoid

parotid gland

submaxillary gland

lymph glands

stemomastoid.

cut edge of

davotrapezius

scalenes

Weeps brachii

subscapularis

teres major

clavobrachialis

long bead of

the triceps

transversus costarum

serratus ventralis

pectoantibrachialis

pectpralis major

cut edge of

pectorals

midventral line

rectus abdominis

latissimus dots!

external oblique

Fig. 468.

Ventral view of the anterior part of a cat to show the muscles. All dermal
muscles have been removed. Superficial muscles on the right side, deeper layer of

muscles on the left side, after removal of the pectoral muscles, sternomastoid,

mylohyoid, and digastric. The nerves and blood vessels which cross the axilla have
been omitted. The epitrochlearis is also called extensor antibrachii. (From Hyman's
"A Laboratory Manual for Comparative Vertebrate Anatomy," by permission of

the Chicago University Press.)

scapulae; cue, cucularis; dtr, dorso-trachealis; dg, diagastric; ds, dorsalis scapulae;

eo, external oblique; Id, latissimus dorsi; tti, petro-tympano-maxillaris (masseter);

mh, mylohyoid; mh.p, mylohyoid posterior; pc, pectoralis; ph, procoraco-humeralis;
ra, rectus abdominis; spc, supracoracoid; sth, sternohyoid. (From Kingsley after

Fitrbringer.)
B, Lateral view of the anterior part of the rabbit to show the muscles. The

head is turned slightly so as to give a ventral view of the throat. All dermal
muscles have been removed. (From Hyman's "A Laboratory Manual for Com-
parative Vertebrate Anatomy," by permission of the University of Chicago Press.)
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derivation, as some develop from muscles which originally ran in a

transverse (circular) and others from muscles which ran in a longitudi-

nal direction.

The epibranchial muscles, the sub-spinals and interbasales (which
lie in the dorsal part of the branchial region), and the coraco-arcuales (in

the ventral or hypobranchial half) are derived from the circular group.
The most anterior of this circular group (Figs. 467, 468) are those which
open (digastric or depressor mandibulae) or close (adductors) the

mouth, and the mylohyoid which extends between the two rami of the

lower jaw. There are usually several adductors, known as masseter,

temporalis, or pterygoideus, named after the parts of the skull which
serve as their origin.

The longitudinal muscles are largely confined to small slips which
pass from one arch to the next. These muscles undergo considerable

variation in amphibians. In the amniotes there is also much variation,

but some of them are reduced on account of the loss of branchial respira-

tion with a consequent degeneration of the parts connected with it.

The most noticeable visceral muscles, therefore, in the higher groups
are those connected with the opening and closing of the mouth.

Up to this point all muscles mentioned have had a direct connection

with the skeletal system. With an increasing degree of development
there develops a dermal musculature. Here the muscles are inserted

directly in the skin although they were derived from skeletal muscles.

Primitive conditions of this kind are found in reptiles and birds and serve

to move scales, scutes, and feathers. This musculature attains its highest

development in many of the four-footed animals, who use it to twitch

gracilis

semimembranosus

semitendinosus

Fig. 469.

Cross-sections through the thigh of A, rabbit, and B, cat, to show the location
of the muscles. Black spots are nerves, small circles, blood vessels, a, greater
saphenous nerve, artery, and vein; b, peroneal nerve; c, tibial nerve; d, sciatic

vein; e, fejnpra] nerve, artery, and vein; /, sciatic nerve. (From Hyman after

Bensley.)
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the skin when insects attack them. In the primates, the platysma

myoides in the neck and head is the only muscle of the kind. It is

innervated by a facial nerve v^hich in its primitive condition came from

the hyoid region. The platysma divides to give rise to such muscles

as the orbiculares, which close the lips and eyelids, and the muscles by

which one lifts the lips, nose and lids, and by which some are able to

move the ears.



CHAPTER XXVIII
THE NERVOUS SYSTEM

IT
WILL be remembered that the nervous system begins its existence

in the embryonic state by the ectoderm of the gastriila becoming flat

on the dorsal surface of the embryo. This flat portion, called the

neural plate, extends practically the entire length of the embryo. It is

slightly broader at the head end than at the caudal end. The two edges
of the neural plate become raised slightly and finally meet in the mid-
line of the dorsal surface to form a tube. The closing of the tube begins
at the head end and gradually extends backward until the tube has
become completely closed. (Fig. 262.)

The neural plate, consisting of ectoderm, folding as it does,

causes the interior lining of the tube to be ectoderm. This is a fact

of considerable value in understanding various structures, such as the

development of the eye. It is also well to remember here that the

various sense organs, or special organs of sense, as they are often called,

have to do with such things as touch, sound, taste and light, whose
stimuli come first to the exterior part of the body. In the lower animal
forms, such as the earthworms, there are no definite eyes, and yet, light

rays, when thrown upon any part of the earthworm's body, cause it to

move out of such light, showing that the animal is sensitive to these

light rays even though no organ has developed by which any one par-

ticular spot is specialized to receive more impressions than another

part.

Now, just as the complete digestive tract develops from a straight

tube by inpushings and outpushings, so the greater portion of the

nervous system has developed in a similar manner from the single nerve

tube which has just been discussed.

One of the explanations given as to why the nervous system
develops in the way it does from the ectoderm and on the dorsal surface

of the embryo, is that remote ancestors of the vertebrates may have
spent their years upon the ocean-bottom, causing the ventral surface of

the body to lie in contact with the ground substance and thus serve as a

protection from attack, while the upper part of the body came in contact

with substances and animals inimical to it. These vertebrate ancestors

thus needed a sense-perception-organ for protective and nutritive pur-

poses. Interesting as this may be, it must be admitted that one of the

great difficulties with which biologists have had to deal is the fact that,

in the invertebrates, the nervous system lies upon the ventral surface.

It is only in the higher forms that it lies upon the dorsal side. Several

ingenious explanations have been attempted to account for all this but
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none is satisfactory. Students should appreciate the fact that the com-
plicated nervous system which controls every movement of the body is

one of the most highly elaborate protective systems we could possibly
possess.

The brain itself, the head-end of the nervous system, is enclosed in

a remarkable bony case, while the spinal cord (the continuation of the

brain, caudad), is encased within the slightly movable but nevertheless

well fitted vertebrae that make up the spinal column. The brain and
spinal cord combined are called the central nervous system; this to dis-

tinguish it from the peripheral nervous system which consists of all those

nerves arising from the brain and spinal cord.

As the. central nervous system is composed of an infolding of the

outer portion of the body, the ectoderm thus infolded into the central

portion of the neural tube, becomes the sensitive part of the central

nervous system. This sensitive surface lines the lumen of the neural

tube, and while this condition remains in all higher forms including

man, it will be seen in the study of the brain that larger or smaller

masses of gray matter may migrate to various parts of the brain.

It will be readily understood that a nervous system of this kind,

which is well protected by a bony covering, has many advantages over
mere external tactile-sense spots, such as the earthworm possesses

;

still, to be of any value whatever, any inner sensory portion must retain

its connection with the outer portion of the body. It is such connections

Avhich, when they have definite cells and processes that unite with the

central nervous system and are grouped together, become special sense

organs. Such nerve fibers, together with their cells, are known as

sensory nerves. Sensory nerves must, therefore, carry impulses from
outer portions to innermost regions, or in other words, from the external

portions of the body to the central nervous system.

The purpose of the nervous system is primarily to inform the animal

of the conditions, good and bad, in the environment, to correlate this

information, and to regulate the motion so that advantage may be had

of this knowledge. In those forms of animals which are segmented, that

is, in which metameres appear, especially when this metamerism is in

the mesothelium from which the myotomes develop into muscles, there

are usually one or more pairs of motor nerves going to these segments

because each muscle must have its own nerve supply. The motor nerves

carry impulses from the central nervous system to the muscle or organ

in which they are placed.

The close association of sensory and motor nerves in the trunk

region of vertebrates has not been satisfactorily explained. In

Amphioxus the two kinds of nerves are independent of each other

throughout their course which tends to show that the vertebrate con-

dition is not primitive.
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THE SPINAL CORD

After the neural tube has formed by a joining in the dorsal mid-line

of the two folds of the neural plate, the cells on each side of the neural

tube proliferate very rapidly while those of the roof and floor do not.

This causes an outgrowth of the two sides so that a fissure (Fig. 470) or

See-̂ wn

Fig. 470.

Cross-section of spinal cord. A, "spider" cells; B, "mossy" cells.

groove is formed on the ventral surface, running the whole length of the

cord. In fact, the cells on each side have already begun to proliferate

before the closing of the tube. There is an ingrowth of connective tissue

and blood vessels on the dorsal mid-line which forms a posterior or

dorsal septum dividing the dorsal part of the cord into halves. The
entire lining of the central canal, composed of epithelial cells, is known
as ependyma and, while no definite nervous cells can be seen, it is

sensory and remains sensory throughout its entire career.

The remaining cells on each side develop into two kinds of cells,

one called neuroglia or simply "glia" cells, which are used to support the

true nerve cells ; the others form neuroblasts which develop true nervous

tissue. This latter type of cell must develop a fiber in order to connect

with other cells and with other portions of the body. These are formed

by a cytoplasmic outgrowth from the neuroblast itself. Such processes

may be several feet in length or very short. Some of the little fibers

produced in this way may extend out from the cord as individual nerves,
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while others run longitudinally within the cord. Others run on the out-

side of the cord longitudinally. Those which run along the outer portion

of the cord are often called the marginal layer because they form a sort

of envelope of fibers for the neural cord itself. These fibers are medu-
lated or covered with a white substance, and this white envelope is called

the white matter of the cord. That portion which lies further toward

the lumen and is composed largely of cell bodies, constitutes the gray

matter.

In cross-sections of the spinal cord of a higher vertebrate there will

be seen a portion looking something like the capital letter "H" with a

central canal in the middle of the cross-bar. The entire substance, which
looks like the letter "H," is the gray matter of the cord. The dorsal

upright bars of the "H" form the posterior columns, while the ventral

uprights form the anterior columns of the cord. Immediately lateral to

the cross-bar on each side of the cord there is another column known as

the lateral column. The lateral column differs to a considerable extent,

not only in its relation but also in its function, from the dorsal and ven-

tral column. This H-shaped gray matter really divides the white matter
into three longitudinal tracts called funiculi, formerly also called

columns. They are known as the dorsal, ventral, and lateral funiculi.

It will be remembered that the white matter is composed of longi-

tudinal fibers. It is these longitudinal fibers which make up the various

funiculi which connect the different parts of the central nervous system
with each other. It is important to remember that these fibers are not

all alike, but that those in the dorsal funiculus carry impulses toward the

brain and are, therefore, called ascending tracts ; w^hile the ventral funicu-

lus is known as the descending tract in that it carries fibers from the

brain downward. The lateral funiculi have fibers of both kinds and carry

impulses in both directions.

The fibers in each of the funiculi are again grouped into smaller

bundles or fasciculi, each with its own name. Some of the fibers coming
from the brain are distributed at different levels along the cord, while

others, going to the brain, are added to the funiculi at different places.

The size of the funiculi thus decreases with the distance from the brain.

Some of the bundles may disappear in the more distal parts of the cord.

The spinal cord is approximately cylindrical in the higher animal

forms, but in the lower it is flattened dorsoventrally, the flattening being

greatest in the cyclostomes. In the lower groups there is also a differ-

ence in the shape of the gray matter, the H shape being less distinct.

The cord tapers quite regularly in fishes, from the brain to the

posterior end, but when legs have developed with an increase of mus-

culature, the spinal cord becomes enlarged in the regions where the

nerves for the limbs are given off. Casts of the spinal canal in certain
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fossil reptiles indicate that there was an accumulation of nervous matter
near the hind legs which exceeded the brain in size.

The nerves leave the spinal cord at nearly right angles to its axis

v^hen development begins. Then there occurs an inequality in growth,
the body increasing more in length than does the cord. As a result the
more caudal nerves pursue a very oblique course, and in the hinder part
of the spinal canal of the higher vertebrates they form a bundle of

parallel nerves, the cauda equina (horse-tail). Often, too, another result

of the unequal growth may be the drawing out of the hinder end of the

cord into a slender, non-nervous thread, the filum terminale (Fig. 17).

Flexures (Fig. 288).

In the early stages of development, it will be remembered, the head
end of the developing spinal cord bends forward at almost right angles

to the main axis, and this first bend is called the primary flexure. The
second bending occurs at the most caudal end of the medulla oblongata
and is called the nuchal flexure; it bends in the same direction as does

the first or primary. The third bend is at a level with the cerebellum

and is known as the pontal flexure ; it bends in the opposite direction of

the other two, thus drawing back the fore part of the entire brain to lie

on top of the more rearward portion.

The three flexures just mentioned remain throughout adult life in

all mammals, but even where one or more of the flexures appear in the

embryonic state in vertebrates lower than mammals, it is seldom that

more than one or two remain. In reptiles and birds, the nuchal and

pontal flexures are weakly developed and entirely obliterated in the

adult.

Neuromeres (Fig. 278).

Many interesting theories have been advanced in times past as to

whether or not skull and brain portion of animals were merely a con-

tinued segmented portion of the spinal column and cord. There has

never been any satisfactory solution of the problem. This much we
know : during its development the brain does show some traces of seg-

mentation in a linear arrangement. These segments are called neuro-

meres, of which eight are well defined. Five lie in front of the ear, one

corresponds to the ear in position, and two lie behind the ear.

It is from the first of these segments (though some insist there are

two here) that the fore-brain arises, as well as the parts which in turn

arise from it. The second becomes the mid-brain. The third lies in the

region of the cerebellum. The fourth and fifth lie in the region of the

more cephalic portion of the medulla oblongata where the trigeminal

and facial nerves arise. From the sixth, the glossopharyngeal nerve

arises, while the vagus is directly connected with the remaining two.
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Meninges.

In examining any brain, one finds, after the bony parts of the skull

have been carefully removed, a connective tissue envelope lying close to

the bone. This is called the endorhachis; it is really the periosteum or

perichondrium of the bony parts and not a true envelope of the brain.

In the ascending groups of vertebrates v^e find a more complex
arrangement of brain and spinal-cord-envelopes. It must be understood

that what is here said of the brain-coverings proper, must also be said

of the entire spinal cord.

In the fishes there is but a single covering envelope called the

meninx primativa. The blood vessels are carried v^ithin this meninx.

There is an open space betvs^een this meninx and the endorhachis, called

the perimeningeal space, filled, as are all such spaces, with the cerebro-

spinal fluid. Tiny strands of tissue pass between the two connective

tissue layers.

In the urodeles, and from there on upward in the various phyla, the

meninx has two layers, namely, the pia mater, which bears the blood

supply and lies close to the neural cord, and the dura spinalis or dura

mater. A space between these two layers is called the subdural space,

while the perimeningeal space is then called peridural.

In mammals, the outermost layer of the pia mater again separates

from the pia proper, becoming a delicate arachnoid layer, and the space

thus formed is called the subarachnoid space.

In man and some of the higher groups of animals, the dura spinalis

unites with the endorhachis, obliterating the subdural space, and this

united sheet of covering is called the dura mater. This dura mater forms

two strong folds in the mammals, and to a small extent in birds, and

presses longitudinally into the longitudinal fissures separating the two

hemispheres of the brain. It is then known as the falx cerebri. The
other fold presses transversely between cerebrum and cerebellum, form-

ing the tentorium. Sometimes these folds even ossify and unite with the

skull.

THE BRAIN

The forepart of the spinal cord becomes constricted in two places

transversely, forming three divisions, each hollow in the center (Fig.

288).

Starting with the cephalic end (Fig. 471), the first compartment

thus formed is known as the fore-brain or prosencephalon. The central

portion forms the mid-brain or mesencephalon, while the portion extend-

ing caudally is called the hind-brain or rhombencephalon.

Cyclostomes are the only vertebrates whose brains remain in this

simple three-chambered state. In all other forms there are many modi-

fications of the primitive brain, though no matter how many modifica-
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tions there may be, they all form as ingrowths or outgrowths of this

primary type.

The prosencephalon divides into an end-brain, or telencephalon, con-
sisting of the cerebral hemispheres, and the twixt-brain, or diencephalon,
consisting of the thalamus and the hypothalamus. Each of these in turn
again divides, forming the parts enumerated in the accompanying table.

(Pages 418, 419.)

The mesencephalon divides into four lobes (in mammals these are

called corpora quadrigemina but in lower forms of vertebrates, where
these bodies have not again divided transversely, they are known as the
corpora bigemina or optic lobes), and the cerebral peduncles.

The rhombencephalon is made up of the isthmus rhombencephali
(consisting of the superior cerebellar peduncles, the anterior medullary
velum, the trigonum lemnisci, and the crura cerebri, the isthmus itself

connecting mesencephalon and rhombencephalon), the metencephalon
(consisting of cerebellum and pons), and the myelencephalon or medulla
oblongata.

THE CEREBRUM
The prosencephalon and the mesencephalon together are often

called the cerebrum.

The greater part of the telencephalon is made up of the two hemi-
spheres which are divided by a longitudinal fissure. This fissure is not

well marked in fishes, but is very distinct in other groups of animals.

The lateral ventricles are contained one in each hemisphere, while a part

of the third ventricle (commonly called the foramen of Monro), (Fig.

303), lies between the two. The corpus striatum is a ganglion mass
lying upon the floor of the lateral ventricle, while the cortex of the hem-
spheres is called the pallium. ^ The substance of the hemispheres varies

to a considerable extent in the different types of animals. In fact, in

the fishes it is practically all pallium, for there is merely a thin non-

nervous covering to the ventricles. In reptiles and birds the gray matter
(nerve cells) is to be found on the ventricular surface, while the outer

surface is composed of white matter (fibers). In the reptiles there is the

beginning of a second layer of cells a little distance from the ventricular

surface. In birds this is still further increased, while in mammals there

is a complete layer called the cerebral cortex over almost the entire

surface of the hemisphere.

As the brain grows in a bony case, it follows that, as soon as the

brain has grown longitudinally the full length of this case, it must bend
in the various directions the case lays down for it. Therefore, in the

mammals, the posterior end of the hemisphere grows dorsally and down-
ward, and then forward again until that portion of the hemisphere, which

^The cortex merely means an outer portion, and, in the brain, is usually composed of gray matter,
while the pallium is merely the outermost covering of the hemispheres, whether composed of gray
matter or not.
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was originally most posterior, has now grown forward until it reaches,

or at least touches, the olfactory region. The part growing downward

and then forw^ard grows over a part of the side-wall of the hemispheres

which portions of the side-wall thus form a little island in the depths of

the longitudinal fissure. This island is called the insula (of Reil).

The bending itself of the downward and forward growing parts has

caused a deep transverse fissure in each hemisphere known as the lateral

cerebral fissure or fissure of Sylvius.

Commissura sup.

Corpus pineale (Epiphysis)
|

Lamina chor. epithelialis ventr. Ill

Stelle der Einstiilpung des

Plex. chorioideus

Tela chor. ventr. IV

Hohe des For. inter-

ventric. (Monro!)

Commissura ant.

Recessus optic. Lamina terminalis

Fig. 47L

/ Schematic median section of brain of a four month human foetus to show

the various changes caused by the developing hemisphere. (From Corning after

Burckhardt.) , , ,, , ^ it -j

// Diagram of the development of the corpus callosum and septum pellucidum

in man A shows the hemisphere in outline, ac, anterior commissure; cc, corpus

callosum- ep epithelial roof of the third ventricle; he, hippocampal commissure;

It lamina terminalis; o, olfactory lobe; oc, optic chiasma; p, paraterminal body;

j-' septum pellucidum; vh, vestigial precallosal and supracallosal hippocampus. (From

Kingsley after G. Elliott Smith.)
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All higher forms of mammals have the brain substance thrown into

many folds or convolutions known as gyri (Fig. 473).

The deeper grooves separating the gyri are called fissures, while
the lesser grooves are known as sulci. This folding permits a great
amount of cortex, or gray matter, to be provided for; for, it will be
noted that not only do the tops of each convolution form cortex, but
also the entire sides of every sulcus.

The hemispheres are divided into various lobes : frontal, parietal,

temporal and occipital. The two hemispheres are connected by various

commissures which must be studied in the actual brain and compared
with the diagram.

Following are the chief commissures (Fig. 471) :

Anterior commissure, in all vertebrates.

Pallial commissure, dorsal to the anterior. This appears in verte-

brates from the amphibians upward.

Corpus callosum (Fig. 471), and

Hippocampal commissure. These last two are a variation in the
higher mammals of the pallial commissures in the lower. The corpus
callosum is developed to a greater extent in man than in other animals
(Fig. 472). This is explained by the fact that in no other animal does
mentality reach so high a state of development as in man, and, because
the cerebral hemispheres are the seat of mentality, it follows that much
greater connection between the cortex of the two hemispheres is needed
in man than in other animals. There is a thin translucent membrane
between the body of the corpus callosum and the fornix, known as the
septum pellucidum, which leaves a slight cavity between the two septa
of each side. Formerly this cavity was called the fifth ventricle. It has
no connection whatever with any of the true ventricles.

Two tracts of nervous matter run back on the medial side of either

hemisphere, from the olfactory lobe to the hinder end of the cerebrum.
One of these is the hippocampus, which passes dorsad, and the other

is the olfactory tract, which goes ventral to the foramen of Monro. These
two and the associated olfactory substances make up practically all of

the so-called archipallium in the lower vertebrates, for in these the whole
cerebrum really is accessory to the sense of smell. In mammals and
possibly as low as the reptiles, a part has been added to receive impres-
sions from other somatic senses. This is the neopallium wdiich has
grown out lateral to the, hippocampus and is especially large in the

higher mammals. In man it forms by far the greater part of the cere-

brum. Its great development forces the olfactory parts to the medial
and lower surfaces so that they are exposed to view only by dissection.

A part of the original hippocampus is then vestigial.
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Fig. 472.

Comparison of Various Types of Brains, A-F (Edtnger) are sagittal sections
showing structures lying in the median line and also paired structures (e.g.,

pallium) lying to one side of the median line. The cerebellum is black. It is

doubtful whether the membranous roof in A indicated as pallium is strictly

homologous with that structure in other forms. In B, Pallium indicates prepallial
structures, Aq.Syl., Aquseductus Sylvii; Basis mesen., basis mesencephali; Bulb, olf.,

bulbus olfactorius; Corp. striat., corpus striatum; Epiph., epiphysis; G.h., ganglion
habenulae; Hyp., hypophysis; Infund., infundibulum; Lam.t., lamina terminalis;
Lob. elect., lobus electricus; L.vagi, lobus vagi; L.opt., mid-brain roof; Med. obi.,

medulla oblongata; Opt., optic nerve; Pl.chor., plexus chorioideus; Rec.inf.,
recessus infundibuli; Rec.mam., recessus mammillaris; Saccus vase, saccus vas-
culosus; Sp.c., spinal cord; vent., ventricle; v.m.a., velum medullare anterius;
v.m.p., velum medullare posterius. G and H show the mesial surface of the cerebral
hemispheres in a low (G) and high (H) Mammal. G, {Elliott Smith, Edinger,
slightly modified.) The exposed gray matter of the olfactory regions is shaded, the
darker shade indicating the archipallium (preterminal area and hippocampal
formation), the lighter shade indicating the rhinencephalon, which consists of the
anterior and the posterior (principally pyriform) olfactory lobes, and a central region
made up of the hippocampus and the following gyri: fornicatus, dentatus, uncinatus,
introlimbicus, fasciolaris, and Andrae Retzii.
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"Beginning in the amphibia and reappearing in the reptiles is a tract

of fibers on either side, which connects the posterior part of the cerebrum
(where the hippocampus ends) with the hypothalmus. In the mam-
mals, by the flexure of the cerebrum, this same band of fibers, here called

the fornix, is obliged to take a circuitous course. Starting at the hippo-

campus on the medial side of the temporal lobe, the fornix runs up, then

forward, below the corpus callosum, and then down, in front of the

interventricular foramen to end in a protuberance, the corpus mam-
millare, on the floor of the hypothalmic region."

Headward, on the dorsal side, the walls become somewhat thick-

ened, bulging out into a pair of prominences known as the optic lobes,

or corpora bigemina, in the lower forms of animals, while in the mam-
mals there are two such pairs of lobes which are, therefore, called corpora

quadrigemina (Fig. 473). The roof of this region remains comparatively

thin, but the floor becomes somewhat thicker and forms the cerebral

peduncle. Connecting the mid-brain with the hind-brain is a short con-

stricted area known as the isthmus. From here running caudad along

each lateral wall there is often a groove (seldom, if ever, seen in the

adult) called the limiting sulcus or the sulcus of Monro. This naturally

divides the brain and spinal cord from here to the tail-end into a dorsal

and a ventral half, a fact that is of considerable importance, because the

entire dorsal area is sensory, while the ventral is motor in character.

Further, in the study of the central nervous system's development it is

the dorsal portion in which most of the changes come, comparatively

few developing on the ventral side.

The hind-brain is again divided. The part lying cephalad develops

into the cerebellum or balancing brain (organ of coordination), while

the caudal end tapers rather gradually and is known as the myelencepha-

lon or medulla oblongata. The cavity in the hind-brain, most of which
is located within the medulla, is known as the fourth ventricle, Avhile the

small lumen which connects the third and fourth ventricle is called the

aqueductus cerebri or the aqueduct of Sylvius (Fig. 282).

It will, therefore, be noticed that from the earlier three compart-

ments of the head end of the brain and spinal cord there have developed

five brain divisions with four ventricles. All the ventricles form a con-

tinuous open space throughout the entire central nervous system.

The roof plate in the region of the cerebellum, which originally was
quite thick, forces the most cephalic portion of the two dorsal zones

far apart, so that they then become quite thin and broad, whereas the

floor plate becomes greatly thickened and constitutes the pyramids which

pass in front into the cerebral peduncles.

A comprehensive study of the brain is a tedious and difficult task

and requires a very thorough going over, and a remembering- of the main

points in the histology, general anatomy, and physiology of the frog.

And the task is made the more dif^cult because all the early studies
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Medulla oilongnla

B.

Sulc. frontal. Sulc. front. \Sulc. /? Sulc. centralis Sulc. pflst-

(Rolandi) centralis Sulc. ititerpariet

Sulc. intermed.
prijitus

Fissnrn pnrieto-
occipit.

Sulc. intermed.
secnnd.

Sitlc occipit.

transven.

S'llci occipitale!

siiperiores et later

Polus occipitalis

Trunctti Jissuraf
lateral.

Fi.r-'cn

lateral. ( /,

erei'ri Polns tetn- Sulc. temp. Sulc. Sulc. Incisura praeoccipital.

post. ) poralis sup. trmp. med. temp. inf.

c.

Cyr. ,upra.
, ^^^^^

pnrietalfs

Cyr. angTti.

descfndens { Ecker )

D.
Fig. 473.

A, Diagram to show development of five secondary brain vesicles. (After His.)

B, Median sagittal section through brain of man. C and D, dorso-lateral cerebral

surfaces. C to show fissures and sulci, and D to show gyri. (After Villiger.)
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were made upon the human brain before our improved stains made it

possible to understand the finer structure of nerve cells and fibers. The
result is that the names of the various parts of the brain have been
derived from fanciful resemblances, often very confusing.

We shall attempt to study the entire central nervous system in

terms of function rather than in terms of structure, and the latter only
in its development, as then, and then only, are we able to place a valid

interpretation upon our findings.

Following are several terms without which no progress in this study

can be made

:

A center is any group of nerve-cells which performs a single func-

tion. (This does not imply, however, that all of this particular function

is located in this one center alone. There may be several, or many,
performing similar functions.)

It is these centers which form a sort of switchboard for the redis-

tribution of various nervous impulses.

Afferent fibers are those which conduct toward the centers.

Efferent fibers are those which conduct away from a center.

Peripheral nerves (those running from and toward the central

system) are naturally mixed

-^ (SL———^^g^ nerves in that they carry both

afiferent and efferent fibers.

Inhibitory fibers are those

which check an action.

White matter (substantia

alba) is that portion of nerve

fibers covered with white

myelin sheaths.

Gray matter (substantia

grisea) is that portion which

consists of a mass of nerve-cell-

bodies uncovered with myelin
^

'

^^"'^'
sheaths.

Brain nuclei are the gray

centers within the brain, which
are divided in turn into

:

Primary centers which are

those directly connected with

the peripheral nerves, either as

terminal nuclei of afferent

fibers or as nuclei of origin of efferent fibers, and

Correlation centers are those in which the impulse received

is redistributed after meeting with other impulses at a common center.

1^-^

J -Cell fioJi^

Sy.^/^<

^f
Fig. 474.

Five types of reflex arcs.
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Figure 474 shows the five ways in which impulses are and may be

distributed.

Ganglia are those centers similar to brain nuclei, which lie outside

the brain; some books still use this term interchangeably with brain

nuclei.

Brain stem (also called segmental apparatus, because it is supposed

that the primitive type of brain consisted of a mere tube of nerve-cells

with which the peripheral nerves were connected, a pair passing from
each segment as in the spinal cord of the higher forms) is that portion

of the cephalic end of the central nervous system upon which the enor-

mous cerebral and cerebellar hemispheres develop in all higher forms.

These latter are then called the suprasegmental apparatus.

Cerebrum consists of fore-brain and mid-brain, the most cephalic

part of which develops into the cerebral hemispheres which are again

divided as seen in the table.

The pallium in the highest animal forms is the cerebral cortex or

mantle (Fig. 472), but in the lower forms such as the fish, in which the

entire hemispheres are a part of the olfactory apparatus, the pallium con-

sists of the olfactory apparatus and the two tracts of nervous matter

connecting the olfactory lobe with the hinder portion of the cerebrum.

One of these tracts, the hippocampus, passes dorsal, and the other, the

olfactory tract, passes ventral to the foramen of Monro. They lie on the

medial side of each hemisphere.

Archipallium is the word now used for the pallium in the lower

vertebrates where this mantle is concerned practically only with the

olfactory apparatus.

Neopallium has, therefore, come into existence as a term to designate

the pallium of the vertebrates whose brain is not governed entirely by
its olfactory apparatus, but where impulses from the general somatic

senses may be adjusted and be redistributed in a great correlation region
—the cerebral cortex. In the table, the pallium corresponds to this

neopallium which has grown out lateral to the hippocampus.

Rhinencephalon (nose-brain). The entire olfactory apparatus

divides into peripheral and central regions as shown in the table.

Corpus Striatum (Figs. 472, 473). This is the name given to the

entire mass of large nerve cells which connect the brain-stem with the

cerebral hemispheres. It is also called the basal ganglion. It will be

noted that the corpus striatum thus forms the main portion of the stem

of the end brain. It is called striated because it consists of masses of

gray matter separated by sheets of white matter, thus producing

striations.

In the lower forms of vertebrates (Fig. 473), some have this body
fairly well developed even though there be no cortex, while in reptiles

and birds, in Avhich there is a small amount of cortex, it is quite highly



Nervous System 427

developed. In these animals, the corpus striatum seems to be a reflex

center of a higher order than the thalamus.

There is doubt as to the exact function of the corpus striatum.

Ramon y Cajal thinks that, in mammals at least, this body functions as

a reinforcement center of the descending motor impulses coming from

the cortex, as these fibers give off collateral branches when passing

through the corpus striatum, while the striatum itself sends important

descending tracts into the thalamus and cerebral peduncle.

The white matter consists of fibers that pass between the cortex

and deep parts of the brain-stem, which have no functional connection

with the striatum itself. These are called projection-fibers, and are partly

ascending and descending fibers which pass between the thalamus and

the cortex, and partly descending motor projection-fibers of the cortico-

spinal or pyramidal tract, cortico-bulbar tract, and cortico-pontine tracts.

The gray matter of the corpus striatum forms the two nuclei named
after their respective shapes, the caudate and the lentiform nucleus (Fig.

475). Most of the projection-fibers pass between these two nuclei in a

wide band of white matter which is called the internal capsule. These

same fibers radiating from the internal capsule toward the capsule are

called the corona radiata.

The external capsule is formed of a thinner sheet of fibers external

to the lentiform nucleus.

Many cases of apoplexies and other cerebral diseases cause hemor-

rhage and other injuries in the internal capsule, there destroying some
of the fibers ; therefore, the study of the exact arrangement of sensory

and motor projection fibers within the internal capsule is of great clinical

importance.

Claustrum is the name given to the thin band of gray matter lying

between the external capsule and the cortex of the insula (Fig. 475, B).

Nucleus amygdalae is a small mass of sub-cortical gray matter under

the tip of the temporal lobe. It forms part of the nucleus olfactorius

lateralis.

Thalamus (Fig. 475). The middle and larger subdivision of the

diencephalon ; sometimes even applied to the entire diencephalon and
called the optic thalamus.

As all nervous impulses which reach the brain cortex, except those

that come from the olfactory organs, pass through the thalamus, this

organ serves as a sort of vestibule for the cortex and probably also as a

great relay station for the incoming and outgoing nerves.

It is to be remembered that the optic fibers Avhich occupy the thala-

mus take up much of that organ, but it should not be called the optic

thalamus because all fibers to and from the cortex, regardless of whether
coming from the eye or not, pass through the thalamus.
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Fig. 475.

A, Left lateral aspect of a human brain from which the cerebral hemisphere
(with the exception of the corpus striatum, the olfactory bulb and tract, and a
small portion of the cortex adjacent to the latter) and the cerebellum (excepting
its nucleus dentatus) have been removed. The brain stem (segrnental apparatus;
palaeencephalon) includes everything here shown with the exception of the strip

of cortex above the tractus olfactorius and the nucleus dentatus. Within its sub-
stance, however, are certain cortical dependencies (absent in the lowest vertebrates),
which have been developed to facilitate communication between the brain stem and
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Two parts of the thalamus are to be noted. The ventral portion

contains chiefly motor coordination centers. In man, this portion is not

w^ell developed and is there called the subthalamus, which is often con-

fused with the hypothalamus.

The dorsal portion of the thalamus is again divided into two
portions

:

(1) The primitive sensory reflex centers, principally in the medial

group of thalamic nuclei.

(2) The regular cortical vestibule which forms the lateral nuclei.

These lateral nuclei are sometimes called the new thalamus (neothala-

mus) to distinguish them from all other portions of the thalamus, which
other portions are then called the old thalamus (palaeothalamus).

In man, the new thalamus makes up by far the greater portion of

that organ. This portion includes "the lateral, ventral, and posterior

nuclei (for general cutaneous and deep sensibility) receiving the spinal,

trigeminal, and medial lemnisci ; the lateral geniculate body and pul-

vinar (visual sensibility) receiving the optic tracts; the medial geniculate

body (auditory sensibility) receiving the lateral or acoustic lemniscus."

It will be noted that Professor Herrick, from whom this quotation

is taken, considers the two geniculate bodies as a part of the thalamus,

whereas our table calls them the metathalamus. The student will see

that all these parts are most intimately connected, and classification is

bound to be arbitrary no matter what pains may be taken to make such

classification as scientific as possible.

All the lateral nuclei are connected with the cerebral cortex by
important systems of fibers running both to and from the cerebral

cortex. The fibers themselves are called sensory projection fibers, and
all of them pass through or near the internal capsule of the corpus

striatum.

While these lateral nuclei receive the impulses from the somatic

sensory fibers as well as the deeper sensibility impulses (such as touch,

temperature, pain, general proprioceptive sensibility, spatial localization,

etc., termed as a whole the somesthetic group), this latter group is prob-

ably separately represented in the thalamus, although we have not yet

the evidence to demonstrate it.

Each of the chief functional regions in the thalamus is connected

with a specific region in the cerebral cortex by its own projection fibers,

the tracts being known as radiations. For example, there are optic

radiations, auditory radiations, somesthetic radiations, etc.

The old thalamus, which comprises the more medial thalamic cen-

ters found in lower forms, such as fish, has little or no cerebral cortex,

the cerebral cortex. The chief of these are found in the thalamus, basis pedunculi,
and pons. Compare this with the side view of an intact brain, Figure 473. (From
Herrick after Cunningham.)

B, Horizontal section of human cerebral hemispheres. 1, 2, A. H, L, F, etc..
Fiber systems.
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and seems to retain its function in higher vertebrates. In other words,

some ''awareness" of what is going on is carried by these medial centers,

so that the cerebral cortex is not absolutely necessary for the animal to

be aware of its own action or reaction. This means that the cerebral

cortex is not necessary for all, though it undoubtedly is for most con-

scious purposes.

Professor Herrick says : "The thalamus can act independently of

the cortex in the case of painful sensibility and the entire series of

pleasurable and painful qualities ; for the thalamic centers when isolated

from their cortical connections are found to be concerned mainly with

affective experience, and destructive lesions which involve the cortex

alone do not disturb the painful and affective qualities of sensation."

Hypothalamus. That portion lying immediately beneath the thala-

mus. A small portion of the primitive neural tube to which the hemi-

spheres are attached has remained in a primitive state, not changing or

having any ingrowths or outgrowths. This unchanged portion is called

the pars optica hypothalami, and, as will be noticed by the table, is a

part of the end-brain and not of the diencephalon. The hypothalamus is

an important correlation center for olfactory and various visual impulses,

including probably the sense of taste.

Tuber cinereum is the gray eminence forming the ventral portion of

the hypothalamus.

Infundibulum is a funnel-shaped extension of the third ventricle,

passing through the hypothalamus to the end of the hypophysis (the

pituitary body or gland which lies in the sella turcica).

Mammillary bodies are a pair of eminences at

the posterior end of the tuber cinereum. These
bodies are olfactory centers.

Metathalamus. The posterior part of the

thalamus consists of the geniculate bodies. The
lateral or external one is a visual center in the thala-

mus and the medial or internal body in an auditory

center.

Epithalamus. This is formed by the mem-
branous choroid plexus (which forms the roof of

the third ventricle), the habenula, and the stria

medullaris (a fiber-tract which connects the olfac-

tory centers of the habenula and the cerebral hemi-

sphere). The habenula itself is a center for the

correlation of olfactory sensory impulses with the

various somatic sensory centers of the dorsal part

of the thalamus. The pineal body, in a very few

lower vertebrates, is a sense organ, being called a

"parietal eye" (Fig. 476). In the higher forms, this

Fig. 476.

Anlage of the epiphysis

(pineal gland) and parie-

tal organ in the lizard

Iguana. A in a 9 day
embryo, and B in an 18

day embryo. Longitudi
nal section, ep, epiphy
sis; pa, parietal organ:
zw.h., wall of the ven
tricle in the twixt-brain
(After von Klinkow
Strom.)
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sensory function hcis 1)een lost, thoug^h it is now su])posed to be an

organ of internal secretion.

TELENCEPHALON

In all comparative studies of animals, one must observe lower

forms in order that the simpler arrangement there found may furnish

an understanding of the more complex adjustment found in the higher

forms, as these latter, usually, possess parts that the lower forms pos-

sess, plus something additional.

In the study of the nervous system, the dogfish is a good laboratory

example with which to work. It has no cerebral cortex developed into

immense hemispheres, as in man, which make it sO' difficult to study

the underlying parts and note their relationship (Figs. 477, 478).

In fishes there is a regular system of small sensory canals widely dis-

tributed containing sense-organs somewhat similar to those in the semi-

circular canals of the internal ear. Their functions are supposed to be

somewhat between that of organs of touch in the skin and those of

equilibrium of the internal ear. The water vibrations of slow frequency

probably make it possible for the animal thus to orient itself. Their

innervation comes from the VII, IX, and X pairs of cranial nerves. The

op.1.

lat. f. ,p,

1^
cer.

'

'a. ch- V-'

.st.//'^'
/P-'^-P' r^P'"' fb.b.

-n. am

pal.h.'^ / ^^' ,

A semi-diagrammatic drawing of a longitudinal section throuijh a dogfish,
passing slightly to the right of the middle line. a.ch.p., anterior choroid plexus;
a.f., anterior fontanelle; au., auricle; au.v., auriculo-ventricular opening and
valve; b.b., hasibranchial cartilage; b.h., hasihyal cartilage; c, centrum; c.a.,
conus arteriosus; cb., cerebellum; cer., cerebrum; cor., coracoid region of the
pectoral girdle; gr., grooves in which the teeth are formed; i.p., intercalary
plate; inf., infundibulum; lat.v., lateral ventricle; M.c, Meckel's cartilage; n.a.,
neural arch; n.am., ampullary sense organs; n.sp., neural spine; nch., notochord;
oes., oesophagus; op.l., optic lobe; /J.r/i./'., , posterior choroid plexus; p.st., pineal
stalk; pal.b., palatine bar; pm., pericardium; pp.c, pericardio-peritoneal canal;
s.au., sinu-auricular opening; s.v., sinus venosus; sp.c, spinal cord; st.. semilunar
valves; tng., tongue; v., ventricle; v.ao., ventral aorta; 3, third ventricle; 4, fourth
ventricle. (From Borradaile.)
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sensory canals just mentioned are called lateral line organs (Fig. 479)

and are absent in higher vertebrates.

If Figure 480 be studied carefully, it will be seen that there is a

quite definite area or center for each group of impressions.

The acoustico-lateral area is the terminal center of the lateral line

nerves as v^ell as of the acoustic nerves (VIII pair).

The general cutaneous area receives impressions from the remain-

ing general exterior of the body.

The nerves from the viscera (that is, from the gills, stomach, etc.)

enter a visceral area.

The eye is connected v^ith the optic lobe.

The nose connects with the olfactory bulb and hemisphere. (Some

writers have considered the olfactory hemisphere an actual portion of the

brain equivalent to the cerebral hemisphere in man. These olfactory

hemispheres are, however, only portions of the olfactory apparatus.)

The important point is to note that definite brain regions are set

aside for sensory impressions, and to notice that they are all on the

dorsal surface (except a part of the olfactory centers).

A. B.
Fig. 478.

A, The brain of the dogfish, seen from above, cb., cerebellum; cer., cerebrum;
m.o., medulla oblongata; olf.L, olfactory lobe; olf.o., olfactory organ; \op.,
ophthalmic branches of fifth and seventh nerves; op.l., optic lobes; p. St., pineal

stalk; r.h., restiform body; sp.c, spinal cord; st?.n., spinal nerve; thai., thalamen-
cephalon; 3, 4, third and fourth ventricles;

_ //.-F., VII.-X., cranial nerves.

B, The brain of a dogfish, in ventral view, cer., cerebrum; inf., return limb o£

infundibulum, sometimes regarded as the pituitary body; l.i., lobi inferiores;

m.o., medulla oblongata; olf.L olfactory lobe; olf.o., olfactory organ; op.,

ophthalmic branches of fifth and seventh nerves; sp.c, spinal cord; s.v., lateral lobe

of saccus vasculosus; s.v.'., median lobe of the same; II. -X, cranial nerves. (From
Borradaile.)



Nervous System 433

The regions which Professor Herrick understandably calls "nose
brains," ''eye brains," "ear brains," "visceral brains," "skin brains," etx.,

show the simplest type of the pattern of functional localization of pri-

mary reflex centers. That is, all these special "brains" or centers show
that practically all of the parts of the brain (except the cerebellum) have
a very definite connection with some particular peripheral organs.

This means that this type of simple brain is concerned, in so far as

we can tell (with the exception of the cerebellum), only with simple

reflex action, there being no large centers for the higher type of adjust-

ment found in the higher vertebrate brains. However, in the higher

vertebrates, even including man, there is this same type of simple con-

nection also, but it is obscured by the greatly enlarged correlation cen-

ters of which the cerebral cortex is the most important. The distinct

course in neurology given in medical schools deals largely and primarily

with the histological structure and function of this cortex.

A and B, Schematic diagrams of sections of the skin. The sections pass
through the lateral line organs. A, of a Teleost; B, of a dogfish. A^, lateral
hne nerve; 6^ sensory nerve ending; the asterisk shows the cutaneous orifice;
the arrows indicate the direction of the stimulus.

C. Lateral line nerve of a fish, an.l, anastomosis between the anterior
and posterior portions of the lateral nerve; an2, transverse anastomosis between
the right and left lateral nerve; buc, buccal branch of lateral nerve; g.l., lateral
nerve ganglion- mand.ex., mandibular branch of lateral nerve; m.. spinal cord;
oph.sup., superficial ophthalmic branch of lateral nerve; r.ll., branch which fol-
ows the lateral line XX cranial nerve (dotted) to show partial fusion with
lateral nerve. (From Vialleton, A and B after Dean.)
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Because the cerebral cortex is found only in the higher forms of

vertebrates and, therefore, is supposed to have developed later in the

evolutionary scale than the simpler type such as the fish displays, it has

been called the neencephalon in contradistinction to the fish type of brain

which is then known as the old-brain or palaeencephalon.

Another point to note is that the "ear brain," the *'skin brain," and
the "visceral brain" are all contained in the rhombencephalon. In fact,

the "stem" of the rhombencephalon (also called the segmental portion)

is made up of these sensory "brains" and their corresponding motor
centers.

This is also true in the higher forms, and the cerebellum (in man,
the pons also in a sense) are suprasegmental extensions.

In both lower and higher forms, the "eye brain" includes the retina

of the eye, the optic nerve, and a part of the roof of the midbrain. In

fish only a few fibers from the optic nerve pass to the thalamus, but in

the higher forms, the number of fibers to this portion are many, in fact

so many, that the entire thalamus, as stated, is often called the "optic

thalamus."

In the fish there are no true cerebral hemispheres, the seemingly

similar organs are hemispheres of the olfactory tract (with the exception

of the very small "somatic area" which becomes the corpus striatum

and cerebral cortex in the higher forms). The olfactory apparatus of

the fish also embraces the entire epithalamus and hypothalamus.

It follows, from all that has been said, that no nervous impulses can

enter the cortex without passing through the reflex centers of the brain-

stem first. The brain-stem, therefore, must have all the fibers lying

within it which are to carry such impulses. The suprasegmental por-

tions are, therefore, correlation, coordination, and readjustment centers.

DIENCEPHALON

The twixt-brain or inter-brain lies directly in front of the posterior

commissure. Still further to the front it is bounded by the velum trans-

versum above and the lamina terminalis below (Fig. 282, A, C). The
cavity in the center is a portion of the third ventricle which extends to

the optic chiasma. The fiber tracts running from the cerebral hemi-

sphere backward pass into the side walls. Those lying in the dorsal

region go through the thalamus where there is a large nerve center. The
ventral tracts are the cerebral peduncles already mentioned. Directly

above and in front of the thalamus is the epithalamus which also con-

tains a nerve center known as the habenula. The hypothalamus, lying

as its name implies below the thalamus, consists of the tuber cinereum

in front and the mammillary bodies behind. Both the epithalamus and

the hypothalamus bear a relation to the sense of smell and are, therefore,
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developed to a greater extent in all lower animals in which this sense

is highly developed. Directly behind the velum transversum is the

superior, or habenular, commissure.

EPIPHYSIAL STRUCTURES
It is customary to call various parts developed in the roof plate of

the primitive fore-brain epiphysial structures (Fig. 483, e). Just where

the cerebral hemispheres and the twixt-brain meet there is a little fold

of epithelium, already mentioned, called the velum transversum, hanging

from the roof of the cerebrum. Directly in front of this is a little choroid

plexus called the paraphysis. The other epiphysial structures belong

to the twixt-brain and consist of a parietal organ and the pineal gland

(Fig. 476). Both of these arise from the roof of the twixt-brain

between the habenular ganglion and the posterior commissure
where twixt and mid-brains meet. Sometimes they develop as

a single outgrowth and sometimes as distinct structures. The more
anterior of the tw^o is the parietal organ or eye. The posterior is the

pineal gland, also known as the epiphysis. These two organs, although

varying in the different vertebrates, are usually always present. The
parietal organ in at least one group of lizards extends on a slender stalk

Fig. 480.

OC CO CS

A, Side view of the brain of the dogfish Mustclus caiiis. (After Ilerrick.)

B, Longitudinal section of brain of Trout, aq, aqueduct; bo, bulbus olfactorius;
ca, ch, ci, cp, anterior, horizontal, inferior, and posterior commissures; cc, central
canal; cl, cerebellum; cs, corpus striatum; /;, hypophysis; i, infundibulum; iv,

trochlearis nerve; cc, optic chiasma; p, pallium'; pi, pinealis; sv, saceus vasculosus;
tl, torus longitudinalis; to, tectum of optic lobes; v, velum transversum; v^, v*,
ventricles; vc, valvula cerebelli. (From Kingsley after Rabl-Riickhard.)
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actually passing out of the skull and forming a sort of median eye on
the dorsal surface of the head. In those vertebrates in which the parietal

organ does not appear at all, the pineal gland seems to shov^ tracts of

structure similar to the parietal organ when it does become an eye. It

will be remembered that the brow-spot seen on the frog is really the

spot where the pineal gland began growing toward the exterior of the

body but was cut off by the developing skull.

It is interesting to note that, notwithstanding the close relations of

the pineal and parietal organs, the former receives its nerve supply from

the posterior commissure, while the parietal organ is connected with the

superior commissure of the twixt-brain. All of these structures in the

higher vertebrates are completely covered by the cerebral hemispheres

growing backward over them. In many of the extinct reptiles there are

large parietal foramina, and it is supposed that these animals, therefore,

had well developed parietal or pineal organs. Directly behind the lamina

terminalis there is a chorioid plexus located in the fourth ventricle. This

comes from the roof of the brain in this region, and a part of it invades

the third ventricle, while another part, the inferior plexus, sends branches

through the interventricular foramina into the lateral ventricle. This

provides a blood supply to the interior portions of the cerebral hemi-

spheres.

A funnel-shaped protrusion from the floor of the diencephalon may
be seen posterior and ventral to the optic chiasma, known as the infun-

dibulum. This connects with the pituitary body, or hypophysis, which

latter organ has developed from the mouth region. It is encased by the

developing skull in a little bony case of its own, called the sella turcica

(Turkish saddle). The epithelium of the mouth, from which the hypo-

physis springs, remains connected for a time to that organ, and its point

of ingrowth into the brain is called Rathke's pocket (Fig. 301, 1). It

will be noticed that the pituitary body grows upward from the oral

cavity just mentioned, while the infundibulum grows downward from

directly behind the optic chiasma to meet it. There are really two parts

to the pituitary body, both rich in blood and lymph vessels. The organ

is known as a gland of internal secretion. Its action is supposed to be

connected with the fat-storing powers of the animals ; sometimes there

is to be found a postoptic commissure connecting the ventral parts of the

brain in this region.

MESENCEPHALON

The mesencephalon or mid-brain, as already stated, does not change

very much from the way it appears in the embryo. On the dorsal sur-

face there are two lateral swellings, the optic lobes. In mammals these

are transeversely divided and are called the corpora quadrigemina. If

they do not divide transversely, they are called corpora bigemina. Each

optic lobe is connected with fibers from the eye on the opposite side
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to which it itself is located. In fishes, the ventricle of the mid-brain is

quite large and extends into the optic lobes, but in the higher groups
of vertebrates, the ventricle is reduced to a very small opening or

aqueduct. At the anterior end of the dorsal body of the mid-brain, a

band of nerve fibers crosses from one side to the other. Any such cross

connections are called commissures. These connect the two sides of the

central nervous system. Cross fibers of this kind are very numerous in

the spinal cord and there are also several in the brain. The one just

mentioned is called the posterior commissure.

RHOMBENCEPHALON
THE CEREBELLUM

The cerebellum, or metencephalon (Figs. 472, 481), is the coordi-

nating organ growing behind the two cerebral hemispheres. The isthmus

which connects the mid-brain and hind-brain lies directly in front of the

cerebellum. The cephalic anterior wall of the cerebellum meets with the

isthmus to form a transverse fold, known as the anterior medullary

velum (valve of Vieussens), which dips into the fourth ventricle. The
median ridge of the cerebellum is known as the vermis. This is the only

part of the cerebellum which the lower vertebrates possess. In some of

the higher reptiles and birds, however, a small outgrowth occurs on each

side called the flocculus, and it is between the flocculus and the vermis

that the cerebellar hemispheres develop in the mammals. This pushes

the flocculus ventrad.

Quite a number of fibers grow from one side of the cerebellum to the

other on the ventral side of the brain stem. This forms a large transverse

band called the pons or bridge. The lower vertebrates have only a few
fibers of this kind so that the pons is very narrow in them. There is a

groove or tract running longitudinally from the cerebellum to the mid-
brain along the side of this pons and these lateral tracts are called

anterior peduncles, while the central or median tract is called the middle
peduncle or brachium pontis. The origin in the cerebellum of the

anterior peduncle is called the nucleus dentatus.

ytliim meduUare
post.

NoduUis

Pyramis

Fig. 481.

Human cerebellum viewed from below and in front. (After Villiger.)
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MEDULLA OBLONGATA

This is a large swelling between the cephalic end of the spinal

cord and the brain proper. Various narrow centers appear in the ven-

tral side of the floor serving as centers by which and through which

efferent, or outgoing, fibers are redistributed to other nerve cells. The
head end of the medulla, by being expanded, forces the various fiber

tracts of the dorsal funiculi, as well as of the dorsal part of the lateral

funiculi, over to the side of the cerebellum where they enter, bending

abruptly inward and forming a cord called the corpus restiforme, also

known as the inferior cerebellar peduncle, on either side. The rest of

the fibre tract forms a pair of bands, called pyramids, on the ventral sur-

face of the medulla which extend cephalad beneath the mid-brain. These

extensions are called the cerebral peduncles or crura cerebri. They are

easily found in the lower vertebrates, but in mammals the pons makes
them difficult or impossible to see.

TELAE CHORIOIDEAE

While the brain is supplied by blood vessels distributed over the

outer surface, extensions from the outer vessels push the roof and floors

of most of the fore- and hind-brain before them, into the ventricle of

these two regions, very much on the same principle as an outgrowth of

the digestive tract, such as the liver, pushes its peritoneum-covering

before it. These foldings of the plates are called telae chorioideae, or

chorioid plexuses, and it is through these that the nourishing blood

passes by osmosis into th^ ventricle and into the inner surfaces of the

brain. It is practically impossible to remove the brain and have the

fourth ventricle complete. Usually the chorioid plexus of this fourth

ventricle is torn away because it is very thin in this particular region.

The large open surface, or cavity, which one sees, when this has been

torn away, is called the fossa rhomboidalis.

SUMMARY OF THE BRAIN

AMPHIOXUS

The brain is extremely small, hardly as large in diameter as the rest

of the neural tube. There are but two pairs of cranial nerves, which

have been called olfactory and optic, but in so reduced a brain, homolo-

gies are uncertain. The sense organs consist of a median olfactory fun-

nel opening into the neurocoele, a median eye-spot (not sensitive to

light) on the anterior end of the brain, representing probably a rudiment

of paired eyes. The notochord extends the entire length of the body,

projecting in front of the brain. This may mean that the brain has

retreated from its primitive anterior position. There is no cranium.
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CYCLOSTOMATA

The brain is small but typically vertebrate in structure. The vagus

nerve is not included in the cranial region. In the myxinoids, a groove

runs the entire length of the dorsal surface. There are four pairs of

lobes: (1) olfactory, (2) cerebral hemispheres, (3) mid-brain, and (4)

cerebellum. The nasal capsule is enormously developed. The eyes are

degenerate and without muscles or nerves. There is only one semi-circu-

lar canal in the inner ear. In the lampreys, the cerebral hemispheres are

distinct and a band-like cerebellum is recognizable. Eyes are well devel-

oped with both muscles and nerves. There are two semi-circular canals

in the ear, a condition intermediate between that seen in the myxinoids

and that in the true fishes, where three canals are always present.

The flexures are never very well marked and disappear entirely in

the adult.
PISCES

The olfactory organs are paired and end blindly, not communicating
with the pharynx as in terrestrial animals and hagfishes. The auditory

organs are entirely internal, and have no communication with the

exterior. They serve largely as organs of equilibration, though they also

receive vibrations. The eyes are much like those of other vertebrates,

except that they are lidless and have spherical lenses of short range
vision in the water. The brain is small and shows no fissures. Never-
theless, it has all the characteristics of the vertebrate brain, though there

are but ten cranial nerves (Fig. 482). The spinal cord is like that in

other vertebrates.
DOGFISH

Although the brain is very small and compact, it is larger in propor-

tion to body size than that of the cyclostomes. The most striking feature

is the large size of the olfactory lobes and the slight development of the

Fig. 482.

Cranial Nerves of the Fish. (Schematic.) ev., spiracle; mand.,
mandibular branch of the V ; max., maxillary branch of the V ; m.t.,

masticator branch of V ; m., neural cord; oph.pr., deep ophthalmic branch
of the V; ph., pharyngeal branches of branchial nerves; pot., post-trematic
branch; pt., pre-trematic branch; pl.c, cervico-branchial plexus; r.pal. VII,
palatine branch of the VII ; r.pal. IX, palatine branch of the IX; sp, spinal
nerves; sp.o., spinal-occipital nerves; V to X, pairs of the corresponding
cranial nerves; 1 to 4, branchial slits. (From Vialleton.)
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intercerebral fissure. The cerebral hemispheres are well defined, the

cerebellum is large, and overlaps anteriorly a part of the optic lobe, and

posteriorly a part of the medulla oblongata. The corpora restiformia

are large folds on each side of the cerebellum in front and lateral to the

rhomboid fossa. The region of the thalamencephalon, from which the

optic nerve springs, is comparatively small and slender. The spinal cord

is typical and enclosed within cartilaginous neural arches. The dominant

sense of the dogfish is olfactory ; the sense organs consist of large con-

voluted invaginations in close contact with the olfactory lobes of the

brain. The eyes, although small and probably not especially keen-

sighted, are well developed and connected within the brain by a rather

slender optic nerve. The auditory organs are enclosed in cartilaginous

capsules and consist of three semi-dircular canals, a utriculus, and a

small simple sacculus. The lateral line sense organs a're in grooves of

the skin not completely closed. They divide into several branches in

the head region, one above and one below the eye, and some in the

hyomandibular region.

TELEOSTS
The vertebral column is not very compact. The vertebrae are often

without a centrum or, if a centrum is present, it is an arch-centrum. The

nasal tract has no naso-oral groove. It opens by separate nares. The
brain has a much reduced cerebrum

with all olfactory lobes. The pal-

lium is usually non-nervous, caus-

ing the cerebrum to consist largely

of the corpus striatum. The cere-

bellum is larger than a surface view

shows, because a great portion pro-

jects into the ventricle.

AMPHIBIA
The cerebrum is larger than the

optic lobes, while the olfactory bulb

is separated from the cerebrum by a

long tract. The various brain parts

are quite distinct. In the tailless

amphibia, the two halves of the

cerebrum are secondarily connected

by a transverse band behind the

olfactory lobes so that a gap is left

farther back.

The telencephalon is larger than

in fishes because the pallium is in-

vaded with nervous matter on the

inner side. There is no true cortex.

Fig. 483.

Side and dorsal views of young Alligator.

c, cerebrum; cl, cerebellum; e,
_
epiphysial

structures; h, hypophysis; i, infundibulum ; ol,

optic lobes; JI-XII, cranial nerves. (From
Kingsley after Herrick.)
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The optic lobes are large and the pineal gland reaches the cranial

roof in the tailless amphibia. In the gymnophiones there is a pontal

flexure which brings the pituitary gland beneath the medulla oblongata.

REPTILIA

There is an advance in the nervous system beyond the amphibia.

The cerebral hemispheres are larger and the cerebellum more complete

and a cortex is developed. Something of both pontal and nuchal

flexures is retained. There may be a beginning of a temporal lobe. A
parietal eye is well developed in lacertilia. It is rudimentary in other

groups. The olfactory lobes are merged in the hemispheres. The eyes

a. c. y.

A.
Fig. 484.

A. The brain of a rabbit, seen from above with part of the right cerebral hemisphere cut

away. a.c.q., Anterior corpus quadrigeminum; a.ch.p., anterior choroid plexus; ch, cerebellum;
cerJt., cerebral hemisphere; crt., cortex; fl., flocculus; fr.l., frontal lobe of cerebral hemisphere; l.v.,

lateral ventricle; lat.L, lateral lobe of cerebellum; m.o., medulla oblongata; occ.L, occipital lobe of

cerebral hemisphere; ol.b., olfactory bulb; op.th., optic thalamus; p.b., pineal body; p. e.g., posterior
corpus quadrigeminum; par.L, parietal lobe of cerebral hemisphere; r.3, roof of third ventricle;

sp.c, spinal cord; Sy.f., Sylvian fissure; tp.l., temporal lobe of cerebral hemisphere; ver., vermis.
B. The brain of a rabbit from below, c.al., corpus albicans; fl., flocculus; fr.l., frontal lobe

of the cerebral hemisphere; hip. I., hippocampal lobe; m.ob., medulla oblongata; ol.b., olfactory bulb;
ol.t., olfactory tract; p.V., pons Varolii; pit., pituitary body; rh.f., rhinal fissure; Sy.f., Sylvian
fissure; tp.l., temporal lobe of the cerebral hemisphere; 11.-XII., roots of the cranial nerves. (From
Borradaile.)

are small, the pupil round, and the iris unusually dark in color. The
thalami develop so far as to reduce the third ventricle to a narrow slit,

even causing two edges to unite. This forms the soft commissure, or

intermediate mass, of the mammalian l)rain. The sense of hcarino- is
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not very acute. The tympanic membrane is thin and exposed, and is

connected with the auditory organ by a slender columellar bone. The

sense of smell is the keenest of the senses in the turtle, both in the air

and in the w^ater. In correlation w^ith the keen olfactory sense, the

olfactory lobes of the brain are highly developed. In the crocodile (Fig.

483), the brain is decidedly advanced in structure for a reptilian brain.

The large cerebral hemispheres are especially noteworthy. The tym-

panic membrane is sunk in a pit. This is a tendency that is carried

much further in the birds and mammals.

AVES

The brain is very short and broad ; the cerebrum is large but not

convoluted. The cerebellum is very large and complex. All three

flexures are partially retained throughout life. The optic lobes are well

developed. The olfactory lobes are rudimentary, indicating a poor sense

of smell. The olfactory epithelium is poorly developed, and the sense of

taste is almost as poorly developed as the olfactory sense. The inner ear,

especially the cochlea, is more complex than in reptiles. The eye of

birds is large and highly organized, probably keener than that of any

other animal. Sclerotic plates cover the eyeball. A fan-shaped pecten

(Fig. 490) of unknown function is inserted in the vitreous humor.

c.

Fig. 485.

Nerve end-organs. A, longitudinal section of tactile papilla, containing a Meissner's corpuscle.

B, Section through a terminal corpuscle (end-bulb of Krause) from the conjunctiva. C, Section of a

Pacinian corpuscle. The nerve fiber, n,fn, enters the capsule through the channel /, and has its

terminal branches at a. (A. C, from Ranvier; B, from Dogiel.)

MAMMALIA

It appears from existing remains that some archaic mammals did

not have a more highly developed brain than reptiles. Modern mammals,

however, especially the higher groups, have a brain that is much more

highly developed than that of all other forms.

In these higher groups the brain is relatively large (Figs. 472, 484),
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the cerebral hemispheres showing- the greatest increase. The increase

is practically confined to the pallium (neopallium).

There is an elaborate system of commissures to connect the two
sides of the brain, the corpus callosum being the most important. In

fact, the corpus callosum is largest in the highest groups.

In the lower animals, the olfactory lobes lie at the tip of the cere-

brum, but in the higher forms the pallial increase pushes the frontal

lobes forward so that the olfactory lobes are brought to the lower

surface and are separated from the cerebrum proper by a rhinal fissure

on each side.

The olfactory tract and the hippocampal tract connect the olfactory

lobes with regions farther back, but in man the hippocampal tract is

largely rudimentary, the corpus callosum acting as the great connecting

region.

The great numbers of fibres from the increased pallium form the

corona radiata which connects the cortex with the more posterior

portions of the brain. And, as connection is made through the thalami,

the thalamic regions become greatly enlarged, extend into the third

ventricle, and reduce that to a mere slit. Where the two walls come in

contact, the intermediate mass is developed.

The mesencephalic lobes are four in number, and are called the

corpora quadrigemina, only the anterior pair are connected with the optic

nerves, the posterior pair being connected with the sense of hearing.

An important point in the understanding of certain brain structures
is the knowledge that the pallium causes a folding so that the original

postero-ventral end of the cerebrum, lateral to the pyriform lobe, is

pushed below and to the outside of the lateral parts of the hemispheres,
the fissure of Sylvius marking the place of folding. It is at the bottom
of this fissure that the island of Reil is found. This is only the covered
part of the sides of the hemispheres.

All higher forms of mammals have the hemispheres arranged in

many convolutions. This permits an increase in surface without neces-
sitating a great increase of bulk. However, some animals with less

mental ability apparently have more convolutions than the more highly
organized, so that it cannot definitely be said that greater convolutions
necessarily carry greater mental power.

^

The mammalian cerebellum, while better developed than that of
reptiles, is not so highly developed as that of birds.

Omithorhynchus (Fig. 472) has the most primitive brain of all

mammals. It is small, the cerebral hemispheres are smooth and lack all

convolutions. This animal is aquatic in its habits, living in staonant

^Echidna has more brain convolutions per body-weight than man.
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water and feeding chiefly on mollusks, crustaceans, and worms which it

secures by scooping up the muddy bottom with its bird-like bill.

THE ORGANS OF SPECIAL SENSE

It will be remembered that one of the outstanding characteristics

of living matter is its irritability. Contractility is usually added to

irritability when living protoplasm is discussed. It has already been

shown that various functions in the body may be carried on when the

entire nerve supply to that portion has been destroyed. We may, there-

fore, say that, while irritability and contractility are essential parts of

living matter, the irritability which causes contractility need not be

brought about by a definite system of nerves, although the nerves do

carry the stimulus from one part of the body to another to coordi-

nate the various parts and to permit them to work together for some

common end.

In all higher forms there are external organs of special sense, such

as the nose, the eye, and the ear. In some of the lower forms, such as

the earthworm, we found, that while there are no definite eyes, the earth-

worm nevertheless responds to light thrown upon its body by moving

out of the way as rapidly as it can. We know from this experiment

that the earthworm is sensitive to light and that, therefore, there are

definite sensory regions, more or less specialized, in its skin by which

it can receive a stimulus from light.

It would profit an animal little to be able to receive a stimulus if

it could not in some way move itself toward or away from such stimu-

lus. The muscles by which an animal may move out of '^liarm's way or

toward a food stimulus, and the glands which can secrete substances

that will repel an enemy, serve such a purpose.

In order, then, that an animal may profit by the various stimuli it

encounters, it must have (1), a sensory region or surface of some kind

which such stimuli may aflfect
; (2), it must have an organ, such as a

muscle or a gland, which will permit a reaction to the stimuli, (3), it

must have a conducting mechanism by which the stimulus may be sent

to the reacting organs.

The nerve cells become specialized in structure (or in their man-

ner of connection) in three different ways, namely: (1) they may
develop sensitivity and form organs of special sense. These nerve cells

then receive specific stimuli. (2) If the nerve cell develops conductivity,

it can transmit impulses, such as sensory, to the central nervous system,

. or motor, from the central nervous system. The conducting parts formed

by this second group of specialized neurons form nerve tracts. (3) The

third type of specialization of nerve cells is found in the central nervous
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system itself. This type forms what are called correlation and associa-

tion fibres in the sensory field, and coordination fibres in the motor field..

In practically all parts of the skin, there are tiny nerve endings,

commonly called free nerve terminations, by which the individual recog-

nizes substances when he

comes in contact with them.

Then there are certain parts of

the tips of the fingers where

definite end organs are found,

and where the sense of touch

is quite highly developed. The
nerve endings in such special

tactile regions are much more
complicated than in the simple

free nerve terminations. Fig-

ure 485 shows some of the

various types of these tactile

corpuscles.

THE EAR
Fig. 486.

A, Labyrinth of human embryo, 30 mm. long.

B, Section through the cochlea of a guinea pig. a.,

ampullus; ac, anterior canal; c, cochlea; cr., crus;
de., endolymph duct; Is., spiral ligament; nc, cochlear
nerve; r., Reissner's or vestibular membrane; s.,

sacculus; se., endolymph sac; sg., spiral ganglion;
sm,st,sv., scalae media (ductus cochlearis), tympani
and vestibuli; t, tunnel; u, utriculus; v., vestibular
nerve. (From Kingsley, A after Streeter and B after
Schneider.)

In our embryological study

we have already discussed the

lateral line organs (Figs. 340,

479) which are in all probabil-

ity tactile, and probably even

sound-perceiving organs. In

the higher vertebrates there are

three great divisions of the ear, namely, an external, internal, and middle

ear. Of these three portions, the inner ear is the most primitive. All

lower vertebrates that develop a definite ear organ at all begin by having
simply an inner ear (Fig. 19, Vol. I). To this the next succeeding higher

forms add the middle ear or tympanum, while the highest forms add
the outer ear.

The Inner Ear. This consists of a mere area of thickened ectoderm
on each side of the head between the seventh and ninth cranial nerves.

A review of the' embryology of the ear will recall the cup-shaped auditory

vesicle. In the dogfish, the cavity of this remains connected with the

exterior by a slender tube known as the endolymph duct (Fig. 486). In

the frog and in higher forms there is no open auditory cup. There are

two layers of ectoderm, the outer one forming an unbroken sheet across

the cup. In the dogfish, these endolymph ducts can be seen as external

portions on the top of the head.

The distal end of this endolymph duct becomes enlarged, the enlarge-

ment being called the sacculus endolymphaticus. In the frog and other

amphibia, the ducts of both sides often unite dorsal to the brain, while

the other parts branch and extend into the spinal canal in a root-like
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manner. In the frog definite diverticula are sent into the so-called cal-

careous g-lands surrounding the basal portion of the spinal nerves.

The auditory vesicle constricts into

two chambers, an upper vestibule or utric-

ulus and a lower sacculus, connected by
a narrow sacculo-utricular canal. Three
outgrowths now take place, one each from
the outer, posterior, and lateral walls of.

the utriculus ; the one from the lateral

wall lies in a horizontal plane, the others^

in vertical planes. These outgrowths form

tubes, and as they are circular in outline,

they are called the semi-circular canals.

Some of the sensory epithelium has

spread into all of these regions, but a defi-

nite patch of this sensory epithelium can

be seen in each of the semi-circular canals,

and it is around this patch that the wall of

the canal expands to form an ampulla.

Figure 486 will have to be studied and
a model of the ear seen or an ear defi-

nitely worked out in one of the animals

to make this clear.

In forms higher than fish and amphi-
bia, there is a little pocket, called the

lagena, given ofif from the posterior side

of the sacculus. Sensory epithelium

extends into this pocket, and in the higher

forms the lagena becomes a peculiar struc-

ture called the cochclear duct.

The structures of the internal ear, just mentioned, form the mem-
branous labyrinth which is filled with a fluid, called endolymph, in which
a number of solid particles, called otoliths, are found. The otoliths are

very tiny crystals of calcium carbonate which cause the endolymph to

have a milky appearance. In the true fishes, these tiny crystals have
become aggregated into one or more ear stones of considerable size. In

the dogfish, as the endolymph duct has an opening to the outside, sand
from the exterior may also form part of the otoliths.

Cartilage then appears, practically covering the membranous laby-

rinth. This becomes the skeletal (in higher forms the bony) labyrinth,

and is separated from the membranous labyrinth by a small space filled

with a fluid called perilymph. As ossification then takes place in the

cartilage, the ear bones are formed (Fig. 487). There are two openings

into the middle ear, the fenestra tympani, also called the fenestra rotunda,

Four diagrams to illustrate the

variation of ear-bones in Mammalia.
The diagrams represent the bones of

the back of the lower jaw viewed from
the inner side. The tympanic mem-
brane is cross hatched and cartilage

bones are covered with small circles,

whilst membrane bones are left un-
shaded.

A. Condition in early Theromor-
phous Reptile. The articular and
quadrate are large, and the dentary
does not meet the squamosal. B. Con-
dition in later Theromorphous Reptile.
The dentary has met the squamosal,
and the quadrate and articular are
reduced in size. C. Condition in hypo-
thetical form, the link between Thero-
morpha and Mammalia. The supra-
angular has begun to extend along the
border of the tympanic membrane.
D. Condition in primitive Mammalia
(Prototheria). 1. Squamosal. 2. Den-
tary. 3. Supra-angular. 4. Articular
(=Malleus). 5. Quadrate (=Incus).
6. Columella auris (=Stapes). 7. Tym-
panic membrane. (From Shipley and
MacBride.)
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which is closed ])y a membrane, and the upper opening, known as the

fenestra ovale or the vestibule. The stapes (Fig. 487), a small piece of

cartilage or bone, is held in place by the membrane.
The lagena grows quite rapidly and coils up into a spiral ; in fact,

it extends to the skeletal labyrinth, thus dividing the perilymph space

into two spiral tubes called scalae (Fig. 486). . The upper one is called

Fig. 488.

Diagrams of ethmoturbinals in Mam-
mals. A, Type showing endoturbinalia
alone. B, Type with endoturbinalia (heavy
lines) and two ranks of ectoturbinalia.

C, Turbinals with pneumatic cavities in

the ox. D,E,F, three actual cases in man,
showing individual variation. (From Wilder
after Paulli.)

Lateral .wall of nasal cavity of man.
eg., crista galli; ci.cm.cs., inferior, middle
and superior conchae; fpn., foramen palati-

num majus; fsp., sphenopalatine foramen;
ic, incisive canal; osm., opening of max-
illary sinus; sf., frontal sinus; ss., sphe-
noidal sinus. (After Corning.)

the scala vestibuli, and the lower the scala tympani, while the lagena

itself forms the scala media, also called the cochlear duct. The bony
labyrinth which contains the scala is named the cochlea.

As the cochlea only develops in the hig-her forms, and as our own
sense of hearing is very incomplete without this structure, we must come
to the conclusion that the lower forms of life, which do not possess such

an organ, must either hear entirely different sounds from those we
hear, or some other part of the structures they have must do work
other than that done in man. A very complicated organ of Corti arises

within the scala media. Fine hair-like structures develop in the organ.

of Corti which can only be worked out microscopically and with g'reat

difficulty. There is a membrane extending out from the middle wall

over some of the hair cells in the organ of Corti, called the membrana
tectoria. Various functions have been assigned to this membrane, one
of them being the ability to recognize pitch in sound. Birds, however,
have no organ of Corti at all, and the evidence is quite conclusive that

they can distinguish pitch.

The Middle Ear or Tympanic Cavity. This first appears in the
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Anura, that is, in the tailless amphibians, such as the frog. We have

already seen from our dissection of the frog that a tympanic cavity con-

nects v^ith the pharynx by a slender duct, the Eustachian, or auditory,

tube. Externally there was a tympanic membrane extending across the

fenestra ovale, through which sounds were transmitted to the inner ear.

The Eustachian tube is usually considered the homologue of the narrow
internal end of the spiracle in the dogfish. Frogs, birds, and reptiles

have a chain of ear bones consisting of a columella and stapes ; while in

the mammals the incus and malleus replace the columella (Fig. 487).

The External Ear. It will be remembered that in the frog the tym-

panic membrane lies on a level with the surface of the head. In higher

forms, the tympanic membrane lies at the bottom of a canal called the

external auditory meatus. In most mammals, with the exception of

those that live in water such as the whales and seals, there is even an

external conch, developed behind the meatus, to assist in collecting

the sound waves and directing them internally. In some birds,

feathers are arranged about the external meatus to function as does this

conch.

It is to be remembered that the ear not only serves the purpose of

taking in and interpreting sounds, but that the semi-circular canals, lying

as they do in three dimensions of space and filled with endolymph,

function somewhat similar to a carpenter's level, sending sensations to

the brain by which the animal recognizes the position of its own body
relative to its surrounding environment. We may, therefore, think of the

semi-circular canals as an organ of equilibration.

THE NOSE

The real sensory part of the smelling apparatus is always restricted

to one or two small patches of olfactory epithelium near the end of the

head. As the olfactory sac sinks beneath the surface of the ectoderm,

it remains connected by a pair of external openings, called the nares.

As the dorsal portion of the head then continues growing, the nares are

carried toward the tip of the snout or, in the elasmobranchs, toward the

ventral side of the head. We have already discussed the forms of nasal

capsules in the chapter on the skeletal system. In the higher groups,

glands form to keep the epithelium moist.

Beginning with the amphibia and appearing in the higher groups

of animals, there is an accessory olfactory organ, known as the organ of

Jacobson (Fig. 339), which is probably used to test the character of food

while it is in the mouth. The first and fifth cranial nerves supply the

organ of Jacobson, which lies near the internal nostrils.

Cyclostomes have but a single nostril. In all other vertebrates there

are paired nostrils, called nares. In the cyclostomes, the nostril is directly

connected with the hypophysis, a condition not found in any other ver-

tebrates. In animals living within the water there are folds formed on
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one side of each naris, which practically divides it into two; in fact, in

many of the teleosts, each primitive nostril is actually divided into two;
this permits water to circulate through the olfactory sac, thus carrying

various sensations of odors to the extensive sensory surface of the sac.

In air-breathing vertebrates, including lung fishes, unlike water-

breathing groups, the nasal cavity has a connection with the alimentary

tract. In some elasmobranchs, the first traces are seen of an arrangement
for drawing air over the sensory surface. This arrangement is an oro-

nasal groove which leads from each nostril to the angle of the mouth
(Fig. 296, nas. gr) ; in fact, this groove may, in some species, form a

definite tube. From the lung fishes upward, a similar groove is formed
on each side before the skeletal parts form. As this closes, the edges

of each groove unite to form a duct leading from the nostril into the

oral cavity where an internal naris, or choana, is thus formed. The
position of these choanae varies in the different groups of animals.

Maxillary and pre-maxillary bones arise ventral to the nasal passage,

causing the ducts to appear as though running through the skull.

If the oro-nasal groove does not close, hareUp results, just as the

failure of the palatines to come together causes a cleft palate.

In some of the urodeles, a projection occurs from the lateral wall.

This is one of the first indications of the conchae in the rising groups of

vertebrates. Often the ventral portion of the nasal passage is

lined only with ordinary epithelium. This portion is then called

the respiratory duct. The more dorsal portion lining the tract

wuth sensory epithelium is known as the olfactory duct. The
organ of Jacobson (Fig. 339) is on the medial side of the nasal

cavity in the lower urodeles. In the higher urodeles it is ventral, while
in the highest it has rotated to the lateral side.

The external nares are closed by the smooth muscles in some oi

the amphibia. There is little change in the choanae between amphibia
and reptiles. The reptiles, however, show a tendency to have a differ-

entiated anterior region known as the atrium, or vestibule, a middle
region connected with the original region, and a posterior region called

the naso-pharyngeal duct. The naso-pharyngeal duct may vary in length

according to whether the choanae are anterior or posterior in position.

The crocodiles show an extreme elongation due to the palatines and
pterygoids growing inwardly, which causes the internal nares to be

pushed to the hinder end of the skull. There is a single concha, which
is supported by bone in the lateral wall of the nose of reptiles. This is

rather weak, however, in turtles and in the crocodiles. It is divided in

front, while a ''pseudobranch" develops above and behind the true

concha. In snakes and lizards Jacobson's organ is quite an important
structure (Fig. 339). It appears as a simple pocket ventral and medial

to the nasal cavity near the nasal septum.

In birds there is an anterior and inferior concha vestibuli. and also
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a middle and a superior fold, formed by three folds on the wall of each

nasal cavity. There is no olfactory epithelium formed on the vestibular

conch ; it is present on the middle conch immediately before hatching,

and disappears immediately after hatching, so that the upper conch is

the sole seat of smell in the adult. Jacobson's organ is only found in

embryos.

Much greater complication arises in mammals. The naso-pharyn-

geal duct becomes elongated, while the olfactory area lies directly

bqlow a portion of the brain cavity. The interior arrangement of the

bones within the nose forms what is called the nasal labyrinth. The
ethmo-turbinals, the naso-turbinals, and the maxillo-turbinals are the

supporting bones, or cartilage, of the folds of the labyrinth. This

arrangement permits a great expansion of sensory surface, while the

supporting structures keep the folds from touching each other.

In those animals possessing a very slight sense of smell, not only the

folds, but the bones themselves, may be reduced.

The maxillo-turbinals and the naso-turbinals arise from the lateral

wall of the nasal cavity. The ethmo-turbinals are outgrowths from the

ethmoid bone, growing out from the upper hinder part of the septum
and extending- to the lateral wall. This causes the ethmo-turbinals to

insinuate themselves between the hinder ends of the other two. Any
of these turbinals may divide in turn. The subdivision of the ethmo-

turbinals may be of varying heights so that to form the ecto- and ento-

turbinals the naso-turbinals may disappear in the adult. The epithelium

of the maxillo-turbinals is not sensory, so that it is assumed that this

portion of epithelium serves only to warm and moisten the air in its

passage to the lung-s. The various forms which the ethmo-turbinals

assume in mammals may be seen by a study of Figure 488. Peter gives

the following table of homologies of the nasal labyrinth in the amniotes

:

L Concha of the anterior epithelium: concha vestibuli (birds).

II. Conchae of the primitive sensory epithelium :

1. Arising from the lateral wall (conchae laterales).

A. Anterior

:

(a) Primary, ventral : concha of reptiles ; middle concha

of birds ; maxillo-turbinals of mammals.
(b) Secondary, dorsal: Upper or posterior of birds; naso-

turbinals of mammals (Pseudoconch of crocodiles).

B. Arising from the posterior part: conchae obtectae of

mammals.

2. Arising from the primitively median wall : ethmo-turbinals

of mammals, numbered from in front backward.

Jacobson's organ (Fig. 339), also called the vomero-nasal organ,

can be seen in the embryo of most mammals as a pocket on the lower
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middle side of each nasal cavity. It opens near the duct from Stenson's

gland in rodents and in man, while in other mammals its duct is appar-

ently cut off from the nasal cavity and opens into the naso-palatal canal.

Its middle wall is covered with a sensory epithelium to which branches

of the olfactory nerve extend. The organ degenerates in adult primates.

There are two kinds of glands in the nasal cavity, known as Bow-
man's glands, which are the smaller, and Stenson's gland, which lies in

the lateral ventral wall and opens into the vestibule. There are usually

sinuses in the bones of the skull connected with the nasal cavity by

various openings. Figure 489 shows several of the principal sinuses

in the bones, such as the maxillary, frontal, and sphenoidal.

All mammals have an external fleshy nose supported by nasal bones

and cartilage, but in swine the fleshy portion forms a proboscis of

considerable size, and in the elephant this fleshy proboscis extends

tremendously to form the trunk.

It is interesting that while most mammals have a well developed

sense of smell, it is not very great in seals, whale-bone whales, and pri-

mates, while it is practically absent in the toothed-whales. Often the

olfactory nerve disappears entirely.

THE EYE (Figs. 289, 338)

A review of the embryology of the eye in both frog and chick will

make clear how the eye cup, vesicle, stalk, and lens are formed.

A detailed description of the eye must be sought in textbooks of

histology. Here we can give but a general outline so as to make intel-

ligible the dissection and comparison of the eye in the various groups of

animals studied. The adult eyeball is made up of three tunics, tabulated

as follows

:

I. Tunica Externa.

1. Sclera.

2. Cornea.

II. Tunica Media.

1. Choroid coat.

2. Iris.

3. Ciliary body.

III. Tunica Interna.

1. Retina.

2. Pigment membrane.

The refracting media or transparent media of the eye, traversed by

a ray of light, are

:
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1. The cornea.

2. Aqueous humor.
3. Lens.

4. Vitreous humor.

Each of these layers is made up of other layers in turn which can be

best understood by a careful examination of Figure 18 in Volume I. The
retina is made up of several layers of ganglion and sensory cells. The
sensory cells lie toward the outside of the eyeball and have a rod or cone
toward their outer end. This is the real seeing-portion of the cell. The
cells themselves are called rod and cone cells (Fig. 490, C).

Fig. 490.

A and B, The eye of Columba llvia.

A, in sagittal section; B, entire organ, external aspect, en., cornea; ch., choroid; cl.pr., ciliary

processes; ir., iris; /, lens; opt.nv., optic nerve; pet., pecten; rt., retina; sel.ps., sclerotic plates.

(From Parker and Haswell after Vogt and Yung.)
C, Schematic representation of the sensory apparatus in the retina of the human eye.

1. Layer of pigment cells next to the choroid; 2, processes of the pigment cells; 3, rods;

4, bodies of rod-cells; 5, cones; 6, axones of cone cells; 7, cone-bipolar cells; 8, 9, ganglion cells;

10, optic nerve fibers (axones of ganglion cells); 11, 12, horizontal cells; 13, 14, 15, 16, cells of

different type; functions unknown; 17, fibers (probably axones) of cells having bodies in the brain;

18, neuroglia cells; 19, radial (Miiller's fiber: part of the sustentacular syncytial framework of
modified neuroglia.) (From Dunlap after Merkle-Henle.)
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The yellow spot at the center of the retina, where vision is most

distinct, is called the macula lutea or fovea centralis.

From what has been said in our general discussion of the central

nervous system, we have seen that the surface lining of the central canal

of brain and spinal cord is the sensory portion. This is called the

ependyma. Originally the rods and cones are on the primitive outer

surface, and the ganglion cells and nerve fibres are on the ventral sur-

face, of the ectoderm. The rods and cones, therefore, correspond to

other sensory organs, such as the organs of the lateral line, taste buds,

etc. Now, for the light to get to the rods and cones, it is necessary that

such light traverse the whole retina after which the nervous impulses

must travel backward through the retinal layer to reach the optic nerve.

It is well at this point to compare the vertebrate eye, which we are

now studying, with the parietal eye of the reptiles.

The space between lens and retina is filled with a semi-solid sub-

stance called the vitreous humor. What this vitreous substance is and

how it arises is still in dispute.

The outer w^all of the optic cup forms the pigmented epithelium of

the eye; the black pigment developed in this region ultimately surrounds

and isolates the rods and cones, so that only light which falls directly

upon them can afifect them. It is from the outer portion of this pig-

mented layer that the various tunics of the eye develop. These tunics

of the eye are mesenchymal in origin. The tunica vasculosa which
surrounds the retina is divided into a choroid and a ciliary portion. The
choroid contains a great many blood vessels and covers the greater por-

tion of the eyeball. It meets the front of the eyeball with the circular

ciliary process, in which there are various ciliary muscles by Avhich the

lens is moved toward or away from the retina so as to alter its shape.

This changes its focal point. The change of focal point is known as

the accommodation of the eye. The center of the ciliary process is the

iris, a sort of circular curtain with a central opening. The opening is

known as the pupil. There are circular muscles, called sphincter pupillae

and dilator pupillae, which contract and enlarge the pupil respectively.

The outer capsule surrounding the various layers just discussed,

consists of a sclera, Avhich covers the proximal side of the eye, and the

cornea which is transparent and through which light first passes before,

reaching the lens. The sclera is usually white and is covered externally

in part by the conjunctiva which is modified epithelium. In some of the

extinct amphibia, and in many of the modern reptiles and birds, portions

of the sclera ossify and form a ring of sclerotic bones. Snakes and croc-

odiles, however, do not develop sclerotic bones. In the sturgeon and in

many teleosts, there are two or more dermal bones developed on the

sclera, and in some of the sharks and teleosts tlierc are calcifications to

be found also, but these are not true sclerotic bones. Between the lens

and the cornea there is an opening, partly divided by the iris into an
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anterior and a posterior chamber. The two chambers are in direct con-

nection through the pupil and are filled with a liquid, called aqueous
humor.

All that has been discussed so far, in connection with the eye, forms

the eyeball proper, the bulbus oculi. The eyeball is moved in its socket

by six muscles, best understood by studying Figure 466.

Amphibia possess a distinct muscle which draws the eyeball back

into its socket. This is known as the retractor bulbi. Even some of the

jaw muscles may assist in elevating and depressing the ball. In the dog-

fish there is a cartilaginous rod, called the optic pedicle, extending from

the eyeball to the skull ; this is replaced in the bony fishes by a fibrous

band, the tenaculum.

The eyelid varies in different groups. The upper and lower, as in

the higher vertebrates, and the third lid, called the nictitating membrane,
usually drawn horizontally across the front from the inner angle of the

eye, all form beneath the lower lid. The eyelids themselves have a lining

which lies next to the eye and which is a continuation of the conjunctiva

already mentioned. In the higher mammals, the nictitating membrane
appears as a rudimentary fold, called the plica semilunaris, in the inner

angle of the eye (Fig. 4, Vol. I).

There are no glands connected with the eye of cyclostomes or fishes.

In amphibia, they are of the rudimentary type, but in both reptiles and

birds, they are divided into two groups : Harder's glands (nictitating

glands), lying near the inner angle and the true lachrymal, or tear,

glands, lying in the outer angle.

The tear glands in mammals ultimately come to lie beneath the

upper lid and lead, by many ducts, into the conjunctival sac, while

Harder's glands degenerate. The tears secreted by the lachrymal glands

pass over the conjunctiva and are collected at the inner angle of the eye,

where they then pass through the lachrymal duct into the cavity of the

nose.

The eyes of the cyclostomes are of a very degenerate type. In the

next higher group, namely, the myxinoids, the lens and the eye muscles

are lacking, while the iris, and sclera seem quite as one layer.

Fishes have a flattened cornea and a spherical lens and long rods in

the retina. There is also a peculiar falciform process of vascular and

muscular structure that enters the retinal cup through the choroid fissure

(Fig. 282, B), where it expands. This expansion is called the campanula

Halleri. As there are no ciliary muscles, it may be that this process

serves as a means of accommodation. In the flat fishes, one of the eyes

migrates during the embryological development so that both eyes are

found on one side of the head (Fig. 371).

In birds and reptiles there is usually a process developed from the

inner surface of the retina forming the pecten of birds, already described,
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while in reptiles it is merely a small cone-shaped process at the point of

entrance of the optic nerve. In birds it is quite fan-shaped. Its function

is not known, although it is rich in sensory cells.

The pupil varies in mammals, from a vertical slit in cats to a hori-

zontal opening in whales and many ungulates.

The lids may fuse together during embryological development and
separate again some time after birth. At the edges of the lids, there are

eyelashes or cilia, and immediately interior to these are the ducts of

sebaceous glands, called Meibomian or tarsal glands, the glands them-
selves lying in the substance of the lids.

There is a retractor muscle of the eyeball in the ungulates. In most
mammals, the superior oblique muscle of the eye passes through a loop,

known as a trochlea, before becoming attached to the eyeball proper.

Eyes may be of various sizes even in mammals. The blind mar-
supial Notoryctes of Australia have neither lens nor differentiation in

the cornea, sclera, or choroid, while the retina is lacking in rod and cone
cells. In the mole, the eye is quite similar to that of other mammals, but
the lids remain fused in the adult.

THE PERIPHERAL NERVOUS SYSTEM

All nerves running to and from the central nervous system consti-

tute the peripheral nervous system. We have already seen in our em-
bryological study how the spinal nerves have their origin in the neural

crests which have been left on each side as the neural tube closed. Fig-

ures 470 and 492 show how the dorsal and ventral roots come together

before sending out dorsal, ventral, and visceral rami. Not only is the

dorsal root of the spinal nerve sensory and the ventral root motor in

action, but each root has two types of nerve fibers within it. These are

the somatic sensory and the somatic motor fibers, which are distributed

to the skin as well as to the external sense organs and voluntary muscles.

Then there are the visceral sensory and visceral motor fibers which sup-

ply the viscera and circulatory system (Fig. 491). The dorsal and

ventral rami, after leaving the connection formed by dorsal and ventral

roots, contain mostly somatic fibres with just a few of the visceral type.

The visceral ramus contains visceral fibres alone.

In the lower vertebrates, some of the visceral motor fibres actually

pass through the dorsal root, so that one cannot in all strictness say that

the dorsal root is exclusively sensory. In mammals, dorsal roots are

purely sensory, and ventral roots purely motor.

The visceral fibres of the spinal nerves arc praclicallx all efferent,

or motor, in function. They do not pass to their terminal organs, such

as the smooth muscles, glands, etc., directly, but always end in some
sympathetic ganglion where a functional connection is made. From
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this ganglion, the impulse is then carried to a peripheral organ by axones
from the sympathetic nerve cells.

Soinatic
SensorLj

Visceral
Sensor^j

ViscercLl
Motor

Somatic
Motov

Fish. Man.

Fig. 491.

Somatic

Visceral
SensorLj

Visceral
Motor

Somatic
Motor

Diagram of cross section of spinal cord to show relation of the
function of the columns of gray matter to the nerve roots. Left
half of the figure is that of a fish and right half that of the spinal
cord of man. Note the relatively greater size of the dorsal gray
columns and dorsal funiculi in man. This is correlated with the
greater importance in man of the ascending connections between
the cord and the brain.

In the lower vertebrates, in the regions v^here the limbs form,

usually networks, or plexuses are formed. These are paired, as "cervico-

branchial" for the fore-limbs, and "lumbo-sacral" for the hind-limbs,

while in the higher vertebrates these have separated and there are defi-

nite cervical, branchial, lumbar and sacral plexuses. There is usually a

great number of nerves (up to about twenty-five) going to form a plexus.

In fact, twenty-five is the largest number known, and this occurs in the

pectoral fin of skates (Fig. 336).

It is from these plexuses that dorsal and ventral branches of nerves

pass out to the two sides of the limbs. In all four-footed animals there

is this simple arrangement of a single main nerve trunk on the dorsal

and ventral side of the limb, but in mammals there are two nerve trunks

on the ventral side of each limb.

As there is also a plexus in snakes and limbless lizards in the regions

where limbs usually develop, it is often thought that these animals

descended from limbed ancestors, although no trace of limbs occur

during their embryological development.

In fishes a connecting nerve, which joins some of the anterior seg-

mental nerves with the limb-stem, passes to the lumbo-sacral plexus.

In some fishes, however, not only is there no connecting nerve, but even

a plexus is wanting, the spinal nerve entering directly into the limb.

The spinal nerves pass to and from the central nervous system, a pair

between each two vertebrae. They receive their names from those of

the vertebrae immediately anterior to the nerve, with the single excep-

tion of the first cervical nerve, which lies between the skull and atlas.
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We, therefore, find eight cervical nerves in the neck region, although

there are only seven cervical vertebrae. The spinal nerves are then

named according to the regions of the spinal column. In man there are

twelve thoracic spinal nerves, five lumbar, five sacral, and three to five

coccygeal.

THE SYMPATHETIC NERVOUS SYSTEM

There is a great variation in the sympathetic system of various ver-

tebrates. The reason for such variation may be accounted for by the

dififerences of the action and function in the different groups of animals,

for it is the sympathetic nervous system which is not under the control

of the will, but whose work is the regulation or control, either direct

or indirect, of the internal organs, glands, blood vessels, respiratory and

reproductive organs. This control is brought about by either stimulating

or inhibiting the smooth muscle cells in the walls of the blood vessels,

so that by the enlargement or the contraction of the blood vessels a

greater or a lesser amount of blood may be supplied to any part. It is

also of interest to know that the sympathetic nervous system contains

sensory fibres although, when these are stimulated, consciousness of

such stimulation does not result.

The sympathetic nervous system is connected with the spinal nerves

by the visceral rami. The method of their development has already

been discussed in embryology, which should be reviewed at this point

(Fig. 337).

In some of the higher groups of animals, large plexuses are formed

in the more important and vital body regions. These have received the

special names of cardiac, pelvic, and hypogastric ganglia, while the large

one in the abdominal region is known as the solar plexus.

There is usually a longitudinal sympathetic trunk connecting the

chain ganglia of each side, though in the lampreys the chain ganglia are

not connected with each other at all, and the sympathetic system is con-

fined entirely to the body cavity, while in slightly higher groups there

may be extensions from one to the other ganglion.

Besides the visceral sensory and motor elements which we have-

been discussing in the sympathetic system, the visceral rami also carry

fibres which arise in the ganglion cells of the dorsal gang-lion or in the

lateral column of the cord itself (Fig. 492). As their axones and
dendrites develop, they interlace with both motor and sensory ganglion

cells lying in the chain ganglia. Nerve fibres from these then extend

out to the viscera, while others run backward in the dorsal and ventral

rami of the spinal nerves to reach blood vessels and smooth muscle
fibres in the more peripheral regions of the body. These are purely
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Fig. 492,

Transverse section through
the body of a typical Vertebrate,
showing the peripheral .(seg-

mental) nervous apparatus.
Small dots, afferent visceral
neurones; coarse dots, effer-

ent somatic neurones; dashes,
efferent visceral (ventral root
and sympathetic) neurones; lines,

efferent somatic neurones. Darm,
gut; Ggl. spin., spinal ganglion;
GgL -vert., vertebral sympathetic
ganglion; Ggl. mesent., mesen-
teric sympathetic ganglion. The
peripheral sympathetic ganglionic
plexuses (Auerbach and Meiss-
ner) are not shown. Muse.,
muscle; Rad. dors., dorsal root;
Rad. vent., ventral root; R.
comm., white ramus communi-
cans. Two sympathetic neurones
are represented as intercalated in
the visceral efferent pathway. It
is doubtful if there should be
more than one. (After Froriep.)

sympathetic fibres, and, as they are non-medul-
lated, they are gray in color, so that the trunk

carrying these gray fibres from the chain

gangUon to the dorsal and ventral branches is

called the gray ramus.

It is important, for future v^ork, to know
that some of the cells from the spinal cord or

spinal ganglia of the dorsal root migrate to

various parts of the body, and are usually quite

closely associated with the glands of internal

secretion, such as the hypophysis, carotid

gland, suprarenals, etc. These cells have a

peculiar affinity for chromic acid salts, and are,

therefore, often called chromaffine cells, though
their function is yet unknown.

THE CRANIAL NERVES

In the early part of our work, we found

that the frog has ten cranial nerves, and that

mammals have twelve. The cranial nerves

differ from the spinal in not being truly seg-

mental nerves (Fig. 493) ; some of them are

purely sensory, some purely motor, and still

others are of a mixed nature. Then, too, the

cranial nerves which carry sensory fibres, all

have a ganglion near the root, while those of

a pure motor nature do not.

They are like the spinal nerves in so far

as some of them have somatic sensory, somatic motor, visceral sensory,

and visceral motor fibres, but are unlike the spinal nerves in that two
additional components occur in connection with the cranial nerves.

These are the nerves of special sense, and in the fishes, the nerves of the

lateral line (Figs. 340, 479).

The somatic sensory nerves in the head are called general cutaneous

nerves. They terminate in the skin either as free nerve ends or as special

sense organs of touch. The visceral sensory fibres end in taste organs,

usually inside the mouth, but in some of the teleostomes they are dis-

tributed over the surface of the body. The endings, which make up the

lateral line arrangements, are sensory, and terminate in little collec-

tions of sense cells, commonly called "hillocks" or neuromasts, in the

ear and in the lateral line organs of certain groups of fishes and

amphibians.

The lateral line organs have been thoroughly discussed in the

embryology of the frog.
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otic capsule

notochord '^""^*'^.'?^''t"head and trunk

anterior head
cavity
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mandibulai pretrematic branch

posttrematic branch

Fig. 493.

Diagram to illustrate the segmentation of the vertebrate head and the relation

of the cranial nerves to the segmentation. The numbers above the figure designate
the cranial nerves; the numbers in the figure are situated on the head myotomes; the
sensory part of the nerves is represented by heavy continuous lines; the motor part
by broken lines. The anterior head cavity is the first myotome and therefore the
myotome which is numbered 1 is realfy the second myotome, and so on. But as the
myotomes, were numbered before the anterior head cavity was discovered, the old num-
bers are generally retained. The myotomes numbered 1, 2, and 3 produce the eye muscle;
those numbered 4, 5, and 6 degenerate in the majority of vertebrates; those from 7 on
probably contribute to the tongue musculature but never form typical parietal muscles,
such as occur in the trunk. It is seen from the figure that the third cranial nerve and
the deep ophthalmic branch of the fifth belong to the first (really second) head seg-
ment; the fourth and remainder of the fifth to the second (third) segment; the sixth
and seventh to the third (fourth) segment; the ninth to the fourth (fifth) segment;
and the tenth to the fifth to eighth (sixth to ninth) segments. The gill slits are inter-

segmental in location. The relation of the cranial nerves to the gill slits should also be
noted. (From Hyman after Goodrich.)

From their functions the cranial nerves may be divided into four

groups

:

I. Nerves of special sense, namely, the olfactory and optic. These
arise in the primitive fore-brain, the olfactory passing to the nose and
the optic to the eye.

II. Nerves of the eye muscles (Fig. 494), namely, the oculomotor,

trochlear, and abducens. These are of the somatic motor type, with a

iew visceral motor and sensory fibres in the oculomotor. They control

the muscles of the eye. It is w^ell to mention the hypoglossus at this

point, as it belongs to the purely somatic motor group, the spinal acces-

sory being of the visceral motor type.

III. The acustico-lateralis system, namely, the acoustic nerve, and
those portions of the seventh, ninth, and tenth cranial nerves which are

connected with the sense organs of the lateral line in the gill-breathing

fish and amphibians. These nerves have a separate center in the upper
anterior end of the medulla oblongata.

IV. The fifth, seventh, ninth, and tenth cranial nerves are more like

the spinal nerves than any of the preceding. They all arise in the

medulla. Each has a dorsal root and a ganglion, and each contains

somatic sensory (general cutaneous) and visceral sensory and visceral

motor fibres. The seventh and tenth may also include some of the fibres

running to the lateral line. The ninth nerve is the simplest of these, and
arises from the dorsal side of the medulla, dividing just behind its
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ganglion into two branches, one, the pre-trematic (Fig. 482), which
passes in front of the gill cleft, and the other, the post-trematic, which
passes behind that opening. The seventh nerve is arranged in a manner
quite similar to that of the ninth, the spiracle being a reduced gill cleft.

The fifth nerve, which is also divided in the same way, has its

post-trematic, called the maxillary, and the pre-trematic branch, the

mandibular, the mouth forming the opening about which this nerve

Fig. 494.

Diagram showing cranial nerves of a cat with the lower jaw
reflected. II-XII, cranial nerves; ct., chorda tympani; d, dentary
nerve; g, Gasserian ganglion; io, infraorbital nerve; I, lingual nerve;
li.ls., laryngeus inferior and superior; md, mandibularis nerve;
mx, maxillaris nerve; o., ophthalmic nerve; t., tongue. (From
Kingsley after Mivart.)

divides. The tenth, or vagus, nerve supplies all of the remaining gill

clefts and is, therefore, supposed to be complex, composed of as many
nerves as there are clefts behind the first. However, there is no embryo-
logical evidence of distinct roots and ganglia.

The cranial nerves are of considerable importance in all physiologi-

cal, neurological, and pathological work, so it is important that they be

thoroughly studied.

I. The Olfactory Nerve connects the olfactory lobe of the brain

with the sensory epithelium of the nose. It is different from all other

cranial nerves in that it consists of many tiny prolongations of the

sensory cells themselves, and has no ganglion separate from these

cells. The true olfactory nerve consists of these tiny fibres, or threads,

extending from the olfactory epithelium in the nose to the so-called

mitral cells in the olfactory lobe. The places where the dendrites of

the mitral cells meet with the terminations of. the olfactory fibres from
the olfactory epitheliumi, are known as glomeruli. In the dogfish, for
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example, and in many .fish, snakes, lizards, and mammals, the true olfac-

tory nerve is very short, but the olfactory lobe is drawn out (Fig. 478),

while the distal end of the lobe is enlarged into an olfactory bulb con-

taining the glomeruli, extending proximally from this slender olfactory

tract. In these cases, the olfactory bulb lies very close to the olfactory

epithelium.

In some fishes, amphibia, lizards, and turtles, the nerve is long,

while the olfactory lobe is shortened.

It has been found recently that

in all vertebrates there is a terminal

nerve, some times called the pre-

optic nerve, which leaves the brain near

the base of the olfactory nerve. It has

a ganglion upon it, but its functions

and connections are as yet unknown.

II. The Optic Nerve arises in

the eye and extends to the floor of the

diencephalon. Branches from it are

distributed over the entire inner sur-

face of the retina, the ganglion cells

lying in the inner layer. Some of the

fibres from the right eye pass to the

left side of the brain, and some from

the left eye to the,, right side of the

brain (Fig. 495). The crossing of the

fibres forms what is called the optic

chiasma. The fibres, after crossing,

extend dorsally and backward into the

optic lobe. The optic chiasma is

imbedded in the brain of cyclostomes.

In other vertebrates it may be plainly

seen from the outside. In mammals
the crossing in the chiasma is incom-

plete, some of the fibres not crossing. A clear understanding of the

growth and development of both olfactory and optic nerves can only be
had from an understanding of their embryological development.

There is also a small thalamic nerve which arises between the

diencephalon and the mesencephalon. This has so far, however, been
seen only in some embryonic fishes. It shortly disappears, and little is

known of its function.

The third, fourth, and sixth nerves are the oculo-motor, trochlear,

and abducens nerves, or the eye-muscle-nerves, all of which assist in

moving the eye in its socket (Fig. 494). The oculo-motor nerve arises

from the ventral surface of the midbrain. It supplies the superior, mid-

Fig. 495.

Diagram of, the central .connections of
the optic- nerve and optic tract to show
crossing of the fibers. (From Cunningham's
Anatomy.)
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die and inferior rectus, and the inferior oblique muscles (Fig. 466). The
abducens arises from the inferior surface of the medulla and supplies the

lateral rectus muscle. The abducens nerve is often united w^ith the fifth

nerve close to its origin. In some very few forms it is absent.

An understanding of how these nerves come to supply the muscles

they do in the way that they do, can be had only from our knowledge

of the manner in which these muscles originally develop. The eye mus-

cles arise from three myotomes (Fig. 493). One of the somites forms

three of the rectus muscles as well as the inferior oblique muscle, while

the other two somites form only one muscle each. As the myotome,

therefore, divides into four parts, the oculo-motor nerve is carried into

each part.

The trochlear nerve is the only motor nerve that leaves the dorsal

surface of the central nervous system. It has another peculiarity, in that

it has a chiasma in the dorsal surface of the midbrain, from which its

fibres extend downward to the ganglion cells of the floor of the

midbrain.

The nerves of the eye muscles are the only somatic motor nerves in

the head of the lower vertebrates.

V, or Trigeminal Nerve. The trigeminal nerve is one of the largest

of the cranial nerves, and arises from the antero-lateral angle of the

myelencephalon. The trigeminal nerve bears a large semilunar or

Gasserian ganglion (Fig. 494), near its origin. This ganglion may be

either just inside or just outside the skull. In all higher vertebrates, the

nerve divides into three main branches, known as the ophthalmic, maxil-

lary, and mandibular branches (Fig. 494). In the lower vertebrates the

maxillary and mandibular nerves may be united for some distance. In

the fishes, the ophthalmic nerve branches, forming a superficial and a

profound ophthalmic nerve, both of which are purely sensory. In the

higher vertebrates, it is the profound ophthalmic nerve which alone

persists.

The superficial ophthalmic nerve is distributed to the skin, the top

of the head, and the tip of the snout. The profound ophthalmic nerve

passes between the eye muscles to send branches to the eyelids and con-

junctiva, and then extends to the mucous membrane of the nose. It is

connected with the ciliary ganglion to which sympathetic fibres also run.

Nerves from this ganglion are sent to the iris and to the ciliary muscles

of the eye. The ciliary ganglion controls the smooth muscles of the eye.

The superficial maxillary nerve passes along the margin of the upper

jaw to supply the face and the teeth. If, however, the profound

ophthalmic is reduced, the maxillary nerve extends into the region which

the profound ophthalmic usually supplies. In the higher vertebrates,

the superior maxillary unites with the spheno-palatine ganglion, to which
sympathetic fibres also pass.

The mandibular nerve goes to the lower jaw, passing on the outer
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side of Meckel's cartilage (Fig. 494). In all higher forms, where the

jaws become ossified, the nerve lies within the bone. This nerve carries

the motor fibres which innervate the muscles of the jaw as well as the

sensory fibres supplying the lips and teeth. In the mammals it also

supplies part of the face, and in some of the reptiles a branch, called the

lingual nerve, is sent into the tongue. In mammals the mandibular nerve

is connected with both an otic and a superior maxillary ganglion, while

fibres from the sympathetic system also connect.

It is now thought that the ophthalmic branches of the trigeminal

nerve really form a distinct nerve, and are not parts of the trigeminus at

all. The reason for this belief is that the trig-eminal nerve proper arises

in the medulla, while certain fibres of the ophthalmic nerve seem to arise

in the midbrain.

The trig-eminus nerve may also send a twig backw^ard. This is

called the recurrent, or lateralis, of the fifth nerve. This recurrent nerve

from the fifth is only found in teleosts and passes to the dorsal side of

the jaw near the dorsal fin ; in a few fishes it goes into the paired fins.

VII. The Facial Nerve arises just in front of the ear, in the medulla.

In all higher forms than those which have lateral line organs, there is

a single geniculate ganglion which is closely associated with the

semilunar (Gasserian) ganglion of the fifth nerve in the fishes and the

amphibians. The facial nerve gives off a palatine branch running to the

roof of the mouth, where it divides into a pre-trematic nerve, as already

stated, which enters the lower jaw, and a post-trematic branch, called

the hyoid nerve. The hyoid nerve in man is called the facial nerve. In

all the higher vertebrates a small twig, called the chorda tympani (Fig.

494), leaves the hyoid and unites with the mandibular branch of the fifth

nerve, after which its fibres enter the lingual branch of the fifth nerve,

and go to the taste organs at the tip of the tongue. The remaining por-

tion of the facial nerve is almost entirely motor in function, its fibres

controlling the muscles of the neck and the muscles which open the

mouth. In mammals that have a large facial musculature the facial

nerve is also distributed to other regions of the face.

In animals having organs of the lateral line (Fig. 479), the seventh

nerve has an additional ganglion immediately beyond wdiich it divides

into three branches, namely, the superficial ophthalmic, which usually

unites with the superficial ophthalmic of the fifth cranial nerve and then

supplies the lateral line organs and related structures on the top of the

head dorsal to the eyes. The buccal nerve, which supplies the organs
below the eye and along the line of the upper jaw\ and the external

mandibular nerve, complete the three branches. The latter is connected

to the lateral line organs of the operculum when this is present, and
with the lower jaw.

The buccal nerve is usually quite closely associated with the maxil-
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lary nerve, while the external mandibular is closely associated with the

mandibular ramus of the hfth nerve.

In all higher vertebrates, where no lateral line organs appear, there

is no trace of these nerves, even in the embryo, although in the frog and
other amphibia which pass through a gilled larval stage, these nerves are

outlined in the development, but are lost during metamorphosis.

VIII. Acusticus (Auditory) Nerve. This nerve is quite closely

related to the facial (Fig. 494), the two ganglia being fused, although

the roots are quite distinct. The auditory nerve is entirely sensory, and
has two branches, the cochlear and the vestibular. Both of these are

distributed to the sensory structures of the inner ear. Because of the

peculiar relations of this nerve to the ear, it is often assumed that, in

higher vertebrates, this is the remains of the original lateral line system.

IX. Glossopharyngeal Nerve. This is the first of the cranial nerves

lying posterior to the ear. It arises from the medulla close to the tenth

nerve, and in amphibia, both its roots and its ganglion, called the petro-

sal ganglion, fuse with those of the vagus. In gilled vertebrates the

nerve goes to the second gill cleft, there dividing into a pre-trematic

and a post-trematic branch. The pre-trematic passes to the region of the

hyoid arch as well as to the oral cavity. In teleosts it also passes to

the pseudobranch. The larger of the two branches, the post-trematic,

supplies the muscles of the first cleft and sends a single branch to the

taste organs, called the lingual branch. In amniotes, the post-trematic

branch is called the pharyngeal nerve, and while there are no gill clefts,

the distribution is practically the same as though there were.

There may be a dorsal nerve given off from the glossopharyngeal

nerve near the petrosal ganglion, which is somatic sensory in function,

and supplies the skin on the upper side of the head. This is quite similar

to the auricular nerve in mammals. In fishes and amphibia the glosso-

pharyngeal nerve has a connection with the fifth nerve ; the connection

is called Jacobson's commissure.

X. Vagus or Pneumogastric Nerve. This is made up of several

metameric nerves. In comparative anatomy it is important to remem-
ber that in fish and amphibia, this nerve differs considerably from that

of the higher forms.

In all gilled vertebrates the vagus arises by a number of tiny roots,

while it has two closely associated ganglia, the anterior being called the

lateralis, and the posterior being called the jugular. The jugular

ganglion contains both somatic and visceral sensory cells. It is from
the jugular ganglion that a branchio-intestinal nerve arises, which sends

branches to each gill cleft behind the first. In the dogfish there is an

epibranchial ganglion on each of these branchial nerves. In the higher

fishes these ganglia are fused in the main trunk. Beyond the ganglion,

each branchial nerve divides into a pre-trematic and a post-trematic
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branch, just as does the ninth. Beyond the last, cleft, the nerve-trunk

continues as the intestinal nerve, going to the heart, stomach, and air

bladder, when that is present. It is for this reason that the nerve is called

pneumogastric in human anatomy. The lateralis part of the nerve fol-

lows the lateral line organs of the body back to the tail sometimes close

underneath the skin and sometimes close to the vertebral column.

The lateralis part of the vagus nerve naturally only occurs in gilled

animals or those which, like the frog, have gills in their larval stage. In

these latter cases the lateral part of the vagus disappears in metamor-

phosis.

There is a nodose (knot-like) ganglion lying on the intestinal nerve.

In animals possessing lungs, the musculature of the lungs is also

supplied by the vagus. The dorsal ramus of the lower fishes is returned

as the auricular nerve, and this unites with the auricular branch of the

ninth nerve, while sympathetic connections are made at various points

with the vagus.

It is also important to remember that the nerve supply of an organ

is considered the best test of its homology, well shown in the instance

of the vagus nerve, which arises in the head region, but is, nevertheless,

distributed to the heart, stomach, and lungs. It will be recalled, from our

study of embryology that the heart, stomach, and lungs, originally form-

in the head region of the embryo.

XI. The Spinal Accessory Nerve. The eleventh and twelfth cranial

nerves occur only in the amniotes, although in the dogfish there are

twigs from the vagus which innervate the trapezius muscle, while simi-

lar conditions are found in amphibia. In the dogfish and the frog, the

brain-center for the eleventh nerve is in the medulla oblongata, while

in amniotes the center for this nerve lies both in the medulla and in the

spinal cord ; in fact, some of the more posterior rootlets that gO' to form

the spinal accessory nerve leave the cord as far down as the seventh

cervical nerve. These rootlets unite into a trunk that runs cephalad

into the cranium between the dorsal and ventral roots of the spinal

nerves and then leaves the skull close to the vagus.

The spinal accessory is motor in function, and supplies the trapezius

and sternocleidomastoideus muscles which move the shoulder girdle.

XII. The Hypoglossal Nerve. This is also a purely motor nerve,

although during embryological development, ganglia do appear on the

dorsal roots in some mammals, but all these disappear again. The root-

lets of the nerve are only two or three in number, although there may
be more. These unite to form the hypoglossal nerve. The hypoglossal

nerve and the more anterior nerves then unite to form the cervical

plexus. It is from this plexus that the main trunk goes to the hypo-
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glossal muscles as well as to the retractors of the tongue, and, in birds,

to the syrinx.

Small occipital nerves leave the skull immediately behind the vagus
in many fishes. They pass backward and dorsal to the gill clefts and
go forward to supply the muscles at the posterior portion of the head,
and the muscles of the pectoral fin. It may be that these occiptal nerves
are homologues of the amniote hypoglossus.



PRONOUNCING - INDEX - GLOSSARY
TABLE OF PREFIXES AND SUFFIXES

(To be Memorized)

The object of this Index-Glossary is not to furnish a detailed expla-

nation. This must be sought in the text on the page assigned. The
object is to give the student such knowledge of the technical words used

in Biology as wi»ll enable him to take apart the words he finds in his

scientific reading and analyze them. Therefore, he must learn all of the

immediately following prefixes and suffixes

:

A or an (G. prefix, without) e.g. apoda,

i.e. without feet.

Ab (L. prefix, away from) e.g. aboral

i.e. away from the mouth.

Ad (L. prefix, toward, upon) e.g. adrenal

i.e. upon the renal gland.

ae plural-ending for Latin sigular nouns

ending in A.

Ambi (L. prefix, both) e.g. ambidextroua,

i.e. ability to use both hands.

Amphi (G. prefix, on both sides) e.g. am-
phibia, i.e. to live on land and in

water.

Ante (L. prefix, before in place or time)

e.g. antebrachium, i.e. placed before

the arm.

Anti (G. prefix, opposite, or opposed to)

e.g. antitoxin, i.e. opposing or neu-

tralizing a toxin.

Arch (G. prefix, chief or early) e.g. arch-

enteron, i.e. the earliest enteron or

digestive tract.

Auto (G. prefix, self) e.g. auto-intoxioa-

tion, i.e. poisoning produced within

one's own body.

Bi (L. prefix, double) e.g. bilateral, i.e.

same on both sides.

Blast (G. either prefix or suffix, a sprout,

or bud), e.g. blastoderm, and neuro-

blast, i.e. a primitive germ-layer and
a. primitive nerve cell.

Brevis (L. short) e.g. adductor brevis,

i.e. the short adductor.

Caudad (L. tail) used only in an ad-
verbial sense, as growing caudad, i.e.

tailword, or toward the tail.

Cephalad (G. head) used only in an ad-

verbial sense, as growing toward the

head.

Chondro (G. gristle or cartilage) e.g.

chondrocranium, i.e. that part of the

cranium developing from cartilage.

Circum (L. prefix, round-about) e.g. cir-

cumoesophageal, i.e. running around

the oesophagus.

C'leido (L. clavicle—key) e.g. sterno-

cleido mastoid muscle, i.e. the muscle

attached to the sternum, clavicle and

mastoid bones.

De (L. prefix, off) e.g. degenerate, i.e. to

become inferior — to lose generative

ability.

Di (G. prefix, twice) e.g. diploblastic, i.e.

to remain in the two-germ-layer state.

Dorsad (L. back) used only in an ad-

verbial sense, as toward the back.

Ecto (G. prefix, outside) e.g. ectoderm,

i.e. the germ-layer lying toward the

outside.

En ( G. prefix, within
) , e.g. encephalon, i.e.

brain—within the cephalon or liead.

Endo (G. prefix, within), e.g. endoderm,

i.e. the germ-layer lying toward the

inside.

Eiito—Same as Endo.

Epi (G. prefix, upon) e.g. epinephros, i.e.

same as adrenal, namely, lying upon

the nephridic organ.

Ex (G. prefix, without or outside) e.g.

exoskeleton, i.e. having a skeleton on

the outside.
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form (L. suffix, shape) e.g. fusiform, i.e.

shaped like a spindle.

Genetic (G. to produce) e.g. pathogenetic,

i.e. to produce disease.

Hemi (G. prefix, half) e.g. hemisphere,

i.e. half a sphere.

Hyper (G. prefix, above or beyond) e.g.

hypertrophy, i.e. an overgrowth.

Hypo (G. prefix, under) e.g. hypoglossal,

i.e. under the tongue.

Infra (L. prefix, below) e.g. infraorbital,

i.e. beneath the orbit.

Inter (L. prefix, between) e.g. intercellu-

lar, i.e. between the cells.

Intra (L. prefix, within) e.g. intracellu-

lar, i.e. within the cell.

Laterad (L. side), used only in an ad-

verbial sense, as "toward a side."

lysin (G. suffix, a loosing or dissolving)

e.g. bacteriolysin, i.e. a substance

which dissolves bacteria.

Macro (G. prefix, large) e.g. macro-

cephalon, i.e. a large head.

Major (L. greater) e.g. pectoralis major,

i.e. the greater of the pectoral mus-

cles.

Mega (G. great) e.g. megaspore, i.e. the

larger of the spores.

Mesiad (G. middle), used only in an ad-

verbial sense, as "to grow mesiad'* or

toward the center of the body.

Meso (G. prefix, middle) e.g. mesoderm,

i.e. the middle germ-layer.

Meta (G. prefix, after) e.g. metaphase, i.e.

the phase in mitosis coming after the

prophases.

Micro (G. prefix small) e.g. micro-organ-

isms, i.e. organisms not seen by the

naked eye.

Minor (L. lesser) e.g. pectoralis minor

muscle, i.e. the lesser pectoral mus-

cle.

Mono (G. prefix, alone) e.g. monogamy,

i.e. marrying but one spouse.

Multi (L. prefix, many) e.g. multicolored,

i.e. many-colored.

Myxo (G. prefix, slime) e.g. myxophyceae,

i.e. slime-algae,

oid (G. suffix), to be added to make an

adjective, e.g. odontoid, i.e. like a

tooth.

Para (G. prefix, beside) e.g. parachordal,

i.e. lying beside the notochord.

Peri (G. prefix, around) e.g. pericardium,

i.e. around the heart.

Poly (G. prefix, many) e.g. polymorphic,

i.e. many-formed.

Post (L. prefix, after) e.g. postbranchial,

i.e. behind the gills.

Pre (L. prefix, before) e.g. pre-oral, i.e.

before the mouth.

Pro (G. prefix, first, or early) e.g. pro-

branchia, i.e. the first gills that form.

Pseudo (G. prefix, false) e.g. pseudopods,

i.e. false feet.

Retro (L. prefix, backward) e.g. retro-

lingual, i.e. backward from the tongue.

Semi (L. prefix, half) e.g. semicircular,

i.e. half circle.

Sub (L. prefix, under) e.g. submandibular,

i.e. under the mandible.

Supra (L. prefix, above) e.g. supratem-

poral, i.e. above the temporal bone.

Sur (same as supra) e.g. surangulare, i.e.

above the angulare bone.

Tera (G. prefix, monster )e.g. teratology,

i.e. the study of monstrosities.

Tetra (G. prefix, four) e.g. tetrapoda, i.e.

four-footed animals.

Toxic (G. poison) e.g. toxemia, i.e. toxic +
haemia, blood-poison.

Uni (L. prefix, one) e.g. uniramous, i.e.

single branch.

Ventrad (L. belly) used only as an adverb

of direction, as "to grow ventrad."
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In all probability some of the pronunciations, as well as some of the

derivations, will not meet with the approval of those who are specialists

in Latin and Greek, for, often various forms of words have been used to

show the student the varying forms of the same word that he will meet
in scientific literature, rather than the same form throughout. Thus, for

example, meros, thigh, and meros, a segment, have both been translated

as though they were spelled alike. In Greek, the former has a long "e"

and the latter a short "e", which really makes the words totally different.

Then, too, in pronunciation, those who have learned and know a
foreign language will always (and rightfully so) pronounce the word as

it is pronounced in that language. This makes any definite pronuncia-

tion impossible, at least to the exclusion of other pronunciations.

Englishmen learn an Anglicised Latin pronunciation, while Conti-
nental Europeans and Americans pronounce their "a" as in lark, "e" as

the "a" in lake, and "i" as the *'e" in see.

Dictionaries have sometimes used one method and sometimes
another. The European is likely to pronounce "c" in such words as

cephalon as "k", though in America this is not customary, but is some-
times heard.

Not each and every artery, vein, and nerve has been listed sepa-

rately, as these appear under the more general headings of "Circulatory

System" and "Nervous System," but one of a name has been listed so

as to show the manner of usage of the definative word. The same word
is often used in different senses. The references cited have been chosen
to make these different meanings clear.

If the page number is in italics, the word indexed is to be looked for

under the illustration on the page assigned.

Lastly, as this book is written solely for the student, we have used
everything which would make matters clearer to him. Therefore,

although generally using a consistent marking for the pronunciation, we
have also brought in a type of marking which he will find in some of the

books, and it is well that he be familiar with it. Such is the case, for

instance, in tiu'ni kay'tah, for tu'ni ka'ta, as it is generally given.

KEY TO PRONUNCIATION,
a—as in fate. e—as in hen. o—as in go. ow—^as in cow.
a—as in fat. 6—as in her. o—as in not. u—as in pure.
a—as in far. i—as in pine. 6—^as in I'orm. u—as in nut.
e—as in he. i—<as in pin. oi—as in -x)y. H—as in French u.

KEY TO DERIVATIONS.
Ar.—^Arabian. G.—Greek. L. L.—Late Latin. O. F.—Old French.

A. S. Anglo-Saxon. Hind.—Hindustani. M. D.—Middle Dutch. G. H. G.—Old High

F.—French. Icel.—Icelandic. M. E.-^Middle English.,, ^ ^
German.

1 —1 ortuo"uese
Gael.—Gaelic. It.—Italian. M. L.—Middle Latin. Sp._Span?sh.
Ger.—German. L.—Latin. N. L.—New Latin. S\v.—^Swedish.

* As there is considerable variation in usage when foreign words are pronounced, such pro-
nunciation has been chosen as seemed consistent with the best usage of the language from which
the word was taken, as well as from international usage. Consequently, many words are as yet
not authoritatively defined as to pronunciation and exact derivation.

It is hoped these may be added in a future edition of this book. The author will, therefore
consider it a favor to receive any and all suggestions which may be of help.

*
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ABOIMASUM, aboma'siim (L. a&, with-

out-}-omasum, bullock's tripe), defi-

nition of 321

ACANTHOPTERYGII, akan"tliopte-

rij'ii (G. akantha, a spine + pteron,

wing or fin) 221

A group of fishes, including the

perch, bass, swordfish, etc.

ACCESSORY CLEAVAGE, definition

of 24

ACCESSORY REPRODUCTIVE OR-
GANS 15

ACCOMMODATION OF EYE, defini-

tion of 453
ACETABULUIM, homologue of 280
ACINOUS GLAND, as'inos (L. acinus,

a grape) 250

ACIPENSER, 8TURI0, asipen'ser

stu'rio (F. a fish, probably the stur-

geon) . (See sturgeon) 219
ACOUSTIC, akoo'stic (G. akoustikon,.

pertaining to hearing) 464
Pertaining to sound.

ACRO'DONT, ak'rodont (G. akros, at
the edge + odont, tooth), definition

of 309
ACROMION, akro'mion (G. akromia,

the point of the shoulder blade) . . . .277

The distal end of the spine of the
scapula, or shoulder blade.

ACTIVATOR, ak'tivator (L. ago, agere,

to drive). From active—producing
action 399

ADAPTIVE SPECIALIZATION 292
ADELOOH RDA, adelokor'da ( G.

adelos, not evident + chorde, a
cord) , definition of 215

ADEQUAL, ade'qual (L. ad, to -f
aequns, equal) , 23

Pertaining to the addition of sim-
ilar forms. '

ADOLESCENCE, adoles'ens (L. ad
olesceus, young) , definition of 196

ADVEHENT, ad'vehent (L. ad, to +
vehens, carrying) 177, 374

AGLOSSA, agio'sa (G. aglossos, tongue-
less) , definition of 226

ALAE TEMPORALES, aletempora'les
(L. ala, the wing, pi. alae -f tem-
pore, temples ) 263

ALISPHENOID, alisfe'noid (L. ala,

wing + G. sphenoeides, wedge-
shaped) .271

ALLANTOIC VESICLE, alanto'ik

vesik'l (see allantois -|- L. vesicula,

little blister) , definition of 64
ALLANTOIDA, alantoi'da (G. alJan-

toeides, sausage shaped) 239
ALLANTOIS, alan'tois (G. alias, sau-

sage -h eidos, form) 204

ALLIGATOR, brain of, alTigater (Sp.

el lagarto, lizard; L. Lacertus,
lizard) .

.~ UO
ALVEOLUS OF TOOTH, alve'oltis (L.

alveolus, a small hollow), definition

of 309
ALYTES OBSTETRICANS, al'itez (G.

alytos, continuous + ohstetricare, to

be a midwife) . . .
• 226

A M B L Y S T M A, amblis'toma (G.

amhlys, blunt + stoma, mouth) . . . .1S5
AMBLYSTOMA TIGRINUM, tigre'num

(G. amhlystoma -{- L. tigrinus, tiger

like) 1S5, 22Jf

AMEIURUS, amui'rus (G. A, without

H- meiouros, curtailed) 220
AMIA CALVA, am'ia (G. amia, a kind

of tunnv) 219
AMITOSIS, amito'siz (G. a, without

mitosis)

Direct cell-division.

AMMOCOETES, amose'tez (G. amnios,
sand -f koite, bed) JfS, 119, 151,

AMNIO-CARDIAC VESICLES, amnio-
kar'diak, definition of 45

A M N IOTA (AMNLOTES) , amniota
(see amniotic cavity), definition of. 239

AMNIOTIC CAVITY, amniot'ik (G.

amnion, membrane around the fetus) .199

AMNIOTIC CAVITY, false, definition

of 199
AMPHIBIA—

Muscles of 1,01

Skull of 210
Classirication of 222

AMPHICOELOUS, amfeesee'lous ( G.

amphi, double -f- koilos, hollow),
definition of 259

AMPHICYON, amfis'ion (G. amphi +
kuon, dog) 312

AMPHIOXUS. cleavage of, am'fiox'us
(G. mnphi, both + oxys, sharp) .... 22

AMPHIPLATYAN, am'feepla'teean (G.
amphi, both + platys, flat), defini-

tion of 258
AMPHISTYLIC, amfisti'lik (G. amjihi,

-j- stulos, pillar), definition of 274
AMPHIUMA MEANS, amfiu'ma (G.

amphi, on both sides + pneuma,
breath ) 224

AMPHIUMIDAE, amflu'mide, defini-

tion of. ( See amphiuma ) 223
AMPULLA, ampuirah (L. flask), defi-

nition of 446
AMYGDALAE, amig'dale (L. amyg-

dala, almond) , definition of 427
ANABAS SCANDENS, an'abas (climb-

ing perch)
; (G. anahainein, to go

up) 221
ANACANTHINI, an'akanthi'ni (G.

anakanthos, spineless ) . , . , 220
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ANAL GLANDS, u'nal (L. anus, ring

+ gland) , definition of 249
AXALLANTOIDA, analantoi'da (G.

an, without -f- allantois), definition

of 239
ANAMNIA, anam'neeah (G. an, with-

out ; amnion, embryonic membrane)

,

definition of 239
ANAMNIOTA. (Same as anamnia) . .239

ANAS BOSCHAS, a'nas bosk'as (L.

ana^, duck) 277
The mallard.

ANASTOMOSIS, anastomo'sis (G. ana,
up + stoma, mouth) 350

ANCHYLOSE, ang'kiloz (G. am,gkylo-

sis, sitiffness ) 309
ANDRAE RETZII, gyrus of 420
ANGLER 221
ANQUILLA GHRYSYPA, angwil'a (L.

eel) 220
ANGUIS FRAGILIS, ang'gwis (L.

anguis, snake ) 231
ANGULAR CARTILAGES 193

ANIMAL POLE, definition of 14
ANLAGEl, anla'ge (Ger. anliegen, to

lie on) 36
ANNULUS FINGER, definition of . . . .286

ANNULUS TYMPANICUS, definition

of 192
ANOLIS PRINCIPALUS, ano'lis (a

native name in the Antilles) 231
ANTAGONISTIC MUSCLES 338, 405
ANTARTICULAR 273
ANT-EATERS 233

ANTEBRAOHIUM, an'tebrakitim (L.

ante, before + brachium, arm)

,

definition of 283

ANTERIOR INTESTINAL PORTAL,
anter'ior (L. anterior, preceding),
definition of 45

ANTHROPITHECUS, anthropith'ecus

(G. anthropos, man -f pithekos, one
who plays tricks ) 236

Chimpanzee.
AN T IARCH I, antiar'ki ( G. anti,

against -h archos, rectum) 222
A group of extinct mailed fishes.

ANURA, anew'rah (G. an, without +
oura, tail) 226

AORTA, aor'ta (G. aorte, to lift) 351
APE 235

APODA, ap'oda (G. a, without +
pons, foot) 219, 223

APONEUROSIS, apoh'newrow'sis (G.

apo, from + neuron, tendon), defini-

tion of 405
APPEN DWULARIA, apgndikula'ria

(L. ad, to -f pendere, to hang), defi-

nition of 215
APPENDIX VERMIFORMIS, apendlks

( L. ad + pendere, to hang) , defi-

nition of 304, 3^3

APTERIUM, np'to'rium (G. a, without

+ pteron, wing) 24^
AQUATIC, akwa'tik (L. agua, water) .230

AQUATIC VERTEBRATES 239

AQUEDUCT OF SYLVIUS, ak'weduct
(L. aqua, wat^r; dnico, lead) ... .87, 423

AQUEDUCTUS CEREBRI, akwedtik'-

tiis 421

AQUEOUS HUMOR, a'kweHs (L. aqua,

water ) 452

ARACHNOID, arack'noid (G. arachne,

spider ) 416
ARANTII, duct of 371
ARBOREAL, arbo'real (L. arbor,

tree) 230
ARGEAEOPTERYX, arkeop'teriks (G.

archaios, ancient -f- pteryx, wing) ..247

Oldest fossil bird, having some
characteristics of a reptile.

ARCHES, VISCERAL, definition of.. 161

ARCHIPALLIUM, ar'kipal'ium (G.

archi, first -f- L. pallium, mantle),
definition of 419, 426

ARCUALIA, ar'kiuale'eeah (L. arcus,

bow) 292
AREA OPACA, a'rea opaka (L. area,

ground space -f opaca, dense, shady,

dark) , definition of 14

AREA PELLUCIDA, definition of ... . 14

AREA VASCULOSA. definition of.... 43
AREA VITELLINA, definition of 43

A RM A D I L L 0, firmadil'o ( from
armed) 235

ARMOURED FISHES, definition of. . .252

ARTERIES, SOMATIC 366
ARTERIES, SPLANCHNIC 366
ARTERIES, VISCERAL 366
ARTERIOLES, arterio'ls (L. arteriola,

small artery) , definition of 355
ARTICULAR PROCESSES, artik'ular

(L. articulus, joint) 258
ARTICULARE. artik'ulara 273
ARTIFACT, ar'tifakt (L. ars, art -f

facere, to make) 131
An artificial product.

ARYTENOID, ar'ite'noid (G. drytaina,
a nitcher) 338

ARTIODACTYLaV "rirtiodak'tlii
"

(G.
artios, equal + dalctylos, finger) . . . .236

ASCIDIACEA, asidia'sea (G. ashidioy,

a wine-skin) 215'

ASTRAGALUS, astrag'alus (G. an
ankle bone) 285

ATAVISM, at'avizm (L. ataviis, ances-

tor)

Reversion to an ancestral type.
Recurrence of a characteristic of a

remote ancestor.

ATHEGAE, athe'ke (G. a, without -f
Iheka, covering), definition of 228

ATLAS (G. atlas, a giant) 260
ATRIAL, rrtrial (L. atrium, a central

room) , definition of IQG
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ATRIOPORE, a'triopore (L. atrium. +
porus, channel ) • • 328

The opening from the atrial cavity

to the exterior in Cephalopods.

ATRIiO-VENTRICULAR CANAL, defi-

nition of 106

ATRIUM, ay'treeum (L. a court)—
Of Amphioxus 328

Of heart 354

Of lungs 341

Of nose 449

AUDITORY CAPSULES 116

Pits 56

Placodes 56

Sac 151, 157

Tube 448

AUERBACH'S PLEXUS 458

AURICLE, aw'reekal (L. auricula, a

little ear) 354

AUTO'STYLIC, ot'ostl'lik (G. autos,

self + stylos, pillar), definition of. .274

AVES, ay'veez (birds) 232

AXIAL THICKENING, definition of.. 134

AXILLA, axiU'ah (L. axilla, a little

laxis) 408

AXILLARY, ak'silari (L. axilla) 368

Pertaining to axil
;
growing in the

axil, or pertaining to the arm-pit.

AXIS, definition of 260

AXIS OF EGG 129

AXOLOTL, ak'solotl 130, 22J,

A Mexican tailed amphibian which

remains in the larval state.

AZYGOUS, az'eegO'S (G. a, without;

zygon, yoke) 274, 373

BALAENA MYSTECETUS, bale'na

(L. halaena, whale) 238

BALANOGLOSSUS C L A V I G ERUS,
bahl'anohgloss'us (G. halwnos, acorn

+ glossa, tongue) 122

BALEiEN, balen' (L. halaena, whale),

definition of 313

BALEEN WHALES 239

BARBS (L. harba, beard) ; . .247

Thread-like structures.

BARBULES, bar'buls) (L. diminutive

of harha) 246

BASALE, basa'le, basa'la (L. basis,

base) 275

BASAL GANGLION, definition of ... . 426

BASAL PLATE, definition of 191

BASI-HYAL, ba'sihi'al (G. basis +
hyoeides, y-shaped) 314

BASILAR PLATE, bas'ilar, definition

of 116

BATESONl, PROE'ESSOR 256

BATO'IDEA, ba'toi'de'a (L. batus, a
genus of fishes) 218

A sub-order of Plagiostomes hav-

ing ventral gill-openings.

BDELLOSTOMA DOMBEYI, de'los'to-

ma (G. bdella, a leech + stomn,
mouth) ; named for J. Dombey,
French botanist .217

C y c 1 O' s t Oi m e s having suctorial

mouths resembling those of leeches.

BDELLOSTOMA POLYTREMA (G.

poly, many -+- trema, hole) 289
Cyclostomes having many pairs of

branchial apertures.

BICORNUUS UTERUS, bikor'nuus (L.

bis + Gornu, horn) 395
BICUSPID, bikus'pid (L. bis, twice +

cuspis, point) 312
BICUSPID VALVE, definition of 362
BIDDEiR'S ORGAN 186, 389, 398
BILE (L. bilis, bile) 326
BILE DUCT, development of 165
BIPARTIBUS UTERUS, bipart'ibus

( L. having two parts ) 395
BIRD, definition of 232
BIiRD, circulation of 361

Skeleton of 279
Urogenital organs of 397

BISERIAL, bise'rial (L. bis + series,

series
)

, definition of 283
BLADDER, how formed 166
BLASTOCOEILE, blas'toeseal (G.

blastos, germ -j- koilos, hollow) 24
BLASTOCYST, blas'tosist (G. blastos

+ kystls, bladder) 202
BLASTODERM, blas'toederm (G.

blastos, germ; derma, skin) ..15, 14, 23
BLASTODERMIC VESICLE, definition

of 197
BLASTOMERE, blas'tomer (G. blastos

+ meros, part) , definition of 25

BLASTOPORE, blas'topor (G. blastos,

bud -h poros, passage) 28, 130
BLASTULA, blas'tiulah (L. a little

germ ) 23
Of Chick 23
Of Frog 23, 130

BLIND-WORMS, definition of 223

BLOOD-ISLANDS, definition of 43

BLOW-HOLE:, definition of 239

BODY-STALK, definition of 203

BOMBINATOR IGNEUS (M. L. 6om.
binare, to buzz + igneus, fiery). A
species of Enropean frogs 276

BONE, how it grows 257
BORER, definition of 217
BOTALLI, DUCTUS 172
BOTALLl'S LIGAMENT 361
BOTALLUS, duct of, definition of 107
BOVIDAEI, bo'vi'de (L. bos (bov) ox),

definition of 236
BOW-FIN 219
BOWMAN'S GLAND', definition of 451
BRACHETI ..,,..,,,,, 128
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BRACHIAL, bray'keeal (L. hrachium,

arm) 368

BRACHIUM, brnk'ium (L. hrachium,

arm ) 283

BRAOHIUM PONTIS, definition of . . .

424, 437

BRAOHIUM QUADRIGEMINUM, defi-

nition of 424

BRAIN, bran (M. E. brayne, brain)—
Center 423

Ganglia 426

Longitudinal section of brain Jil8

Nuclei 423

Of Alligator UO
Of Man Jt22, 1,28

Stem 426
Table 423-424

Types of ^20
BRANCHIA, bran'keeah (G. IrancUa,

gills
) , definition of 333

BRANCHIAL 300
Clefts 74

Rays SSJi.

BRANCHIOMERIC (G. branchia +
meros, apart) , definition of 149

B R A N C H I O S AURUS SALAMAN-
DROIDES (G. branchia + saurus,

lizard) 267
A species of gill-breathing lizard.

BRANCHIOSTEGAL M E M B R ANE,
bran'keeoss'tegal ( G. branchia, gills

;

stego, to cover) 335
BREVICEPS GIBBOSUS, breviseps

gib'bo'sus (L. brevis, short -j- caput,

head + gibbosus, humped) 277
Genus of tailless amphibians.

BROAD LIGAMENT, definition of . . . .394

BRONCHIA, bron'keea (G. bronchos,

windpipe) 306
BRONCHUS, brong'kus (L. bronchos,

windpipe) 333
BUCCAL, buck'al (L. bucca, cheek or

mouth )
—

Glands 318
BUFFONIDAE, bufon'ide, definition

of 227
The toads.

BUFO VULGARIS, bilfo 124, 276
A genus of toads.

BULBUS AORTAE (L. bulbiis, globu-
lar root) , definition of 171

Arteriosus 47, 58
Cordis 354
Oculi 454

BULLHEAD 220
BUNODONT, bfi'nodont (G. bounos,
mound -\- odous, tooth ) 310

BURSA, burr'sah (L. a purse)
Entiana 323

GAGOPUS 8YST0MA 277

CAECA, see'kah (L. caemis, blind)—
Colic 304
Pyloric 304

GAEGILIANS, sesirians (L. caeous

serpens, a kind of lizard), definition.

of 223
CAECUM, see'kiim ( L. caecus, blind),

definition of 323

GALAMIGHTHYS 218
CALCANEUS, kalkay'neeus (L. calx,

heel) 279, 285
Ci^LYX, ka'liks (L. caylx, a caylx), a

cup-like portion

Of kidney 393

CAMPANULA HALLERI 454
GANIDAE, kan'ide (L. canis, dog +

idae, like) 234
The dog-tribe, as dogs, wolves,

foxes.

CANINE TEETH, kaynine' (L. canis,

dog) SIO
GANI8 FAMJTAARIS, kan'is 277
CAPILLARY, definition of 355
0APIT0SAURU8, kapitosau'rus (L.

capita, large head + saurus, lizard) 270
CAPSULE, INTERNAL, of brain, defi-

nition of 427
CARDINAL VEINS (L. cardo, a

hinge) 58
CAREY, E. J 262

GARINATAE, kar'ina'te (L. carinatus,
keel-shaped) 232
A sub-class of Aves, having a

keel-shaped sternum.
CARNASSIAL TEETH, karnas'ial (L.

caro, flesh) 312
Cutting teeth of carnivores.

GARNIVORA, karniv'ora (L. caro,
flesh + vorare, to devour ) 234
Teeth of 310, 311

CAROTID ARCH, gland .164, 319
CARPUS, kar'pus ( L. carpus, wrist )

,

definition of 284
CAT—

Cranial nerves of ^60
Cross section of Jf09

Muscles of . 408
CATARRHINE, ka'tar'in (G. kata,

near + rhis, nose), definition of . . . .235

CATFISH, definition of 220
GATOSTEOMI 219
CAUDA EQUINA, kawd'a ekwi'na (L.

Cauda -+- equus, horse) , definition
of 415.

CAUDAL, kaw'dal (L. coAida, tail) . . .260
CAUDATE NUCLEUS 427
GAYLUXI 310
GEBUS HYPOLENGUS 235
CECUM (same as caecum) 315
CEMENT OF TOOTH .308
CENTER—

Brain 423
Correlation of 423
Of ossification 93
Primary 423
Reflex 429
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CENTRAL CANAL 89

Cells 23

CEPHALAD, se'phalad, toward the

head. (See table of prefixes and

suffixes )

CEPHALIC FLEXURE, sephal'ik (G.

kephale, head) 54

CEPHALOCHORDATA, seph'alowchor-

day'fcah (G. kephale, head; chorde,

string) 215

CEPHAL0DI8CUS DODECALOPHUS,
sefalodisk'us 122

CERAT0DU8 341

CERATOHYAL, ser'atohi'al (G. keras,

horn + uoides, U-shaped) 314

CERATOHYAL CARTILAGE 192

CEREBELLUM, ser'ebel'tim (L. cere-

hrtwi, brain) , definition of 421, 437

CEREBRAL CORTEX, ser'ebral, defi-

nition of 426

CEREBRUM, ser'ebrum (L. brain) . . .

417, 426

CERVICAL, ser'vikal { L. cervix,

neck) 260

CERVIDAE, ser'vide (L. cervus, a

stag) 236

A family of solid-horned rumi-

nants, as stag.

CETACEA, seta'sea (G. ketos, whale) .238

CHALAZA, kala'za (G. chalaza, hail,

tubercle) -^'^^ 15

CHAMAELONTES 230

CHAIMELEONS, ka'me'leonz (G. cM-
maileon, ground or dwarf lion) 230

CHELONE IMBRICATA (G. chelone

-f L. imhricatus, covered with tiles) .229

CHELONIA, keelow'neeah (G. chelone,

turtle) ..' 228

Caouana ^^^

LongicoUis 295

Mydas _•
^^^

CHELONIDAE, kelon'ida (G. chelone

-f eidos, resemblance) 228

CHELYDRA SERPENTINA, kel'idra

(G. chelydros, amphibious serpent) .

229, 379

CHELYDRIDAE, kelid'ride (G. chely-

dros + eidos

)

228

OH ELYS FIMBRIATA, kel'is (G.

chelys, a, tortoise -f L. fimbria,

fringe) • • -^^^

CHICK—
Embryology of • . .11-119

DEVELOPMENT BEFORE THE
EGG IS LAID 11

Blastulation 26
Ga&trulation 27

Morula stage 25

Oogenesis 17

Reproductive organs of fowl 16

PRIMITIVE STREAK AND ORI-
GIN OF MESODERM 31

Neural plate 35

Notochord 34
FOUR TO SIX SOMITE STAGE 41

FIRST HALF DAY 46
Brain differentiation 48

Lengthening of fore-gut 51

SECOND HALF OF SECOND DAY.
Brain 52

Blood-corpuscle path 59

Excretory system 60

Circulatory system 57

Torsion 56
EXTRA-EMBRYONIC MEM-

BRANES 62

Allantois 63
Amnion 63

Chorion 64
Serosa 63
Yolk-sac 62

DEVELOPMENT OF THE THIRD
DAY 65

Circulatory system 76
Digestive tract 68
Liver 72
Lungs 71
Nervous system 66
Optic vesicles 66
Pancreas 73
Thymus gland 73
Thyroid gland 73
Visceral arches 74
Visceral clefts 74

DIFFERENTIATION OF SOMITES. 78
Excretoiy system 79

DEVELOPMENT OF THE FOURTH
DAY—

Adrenal bodies 96
Allantoic circulation 100
Circulatory system 96
Excretory system 94
Ganglia of cranial nerves 89
Heart 105
Intra-embryonic circulation 102
Nervous system 87
Organs of special sense 90
Reproductive system 95
^Skeletal structure . . t .".

.''"9'2'

Spinal cord 89
Veins 107

COELOM AND MESENTERIES 112

DEVELOPMENT OF THE FIFTH
DAY 114

Heart 116
Limbs 114
Skull 114, 116

CEIM AERA MONSTROSA, kime'ra
(G. chi/mara, a fabled monster) 218

CHIMPANZEE, chimpan'ze (Sp. cMm-
pance, a native name) 236

CHIROPTERA, kirop'tera (L. chirop-

teras, wing-handed ) 234

OHIROPTERYGIA, kirop'terig'ia (G.

cheir, hand + pteron, a wing) 283
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OHOANA, koh'anah (G. funnel)

91, 158, 306

CH0LAEPU8 DIDAGTYLUS. ....... .235

CHOI-EDOOHUS, DUOTUS, koled'okus

(G. choledochos, containing bile) 73

CHONDROORANIIBI, kon'droeray'-

neeum (G. chondros, cartilage; kra-

nion, skull) 190, 263

CHONDROSTEI, kondross'tee'eye (G.

chondros, cartilage; osteon, bone) . . .218

CHORDATA, classification of. 119, 215, 239

Definition of 214

OHORDA TYMPANI (G. chorde, a
string) 463

Tendineae 354
CHORION FRONDOSUM, ko'rion

fron'dosum (G. chorion, membrane
+ frondosus, richly foliated) 206

Laeve 206
CHOROID, koh'roid (G. chorion, mem-

brane )
—

Coat of eye 451

Plexus 88, 147

CHRO'MAFFINIE CEtLLS, kromaf'in
(G. chroma, color + L. aifinis, re-

lated) 458
Cells which turn yellow after

treatment with chromic salts.

CHROMAPHILE CELLS, kromofil (G.

chroma + philein, to love) 398
Same as chromaffine.

C H R OM ATOPHORES, kro'matoforz
( G. chroma + pherein, tO' bear ) . . . . 243

CHRYSOPHRYS 400

CICATRIX, sik'atrtks (L. cicatrice, a
woimd) 16, 19

In botany, the mark left after a
wound is healed.

In embryologj", the blastoderm in

bird and reptile eggs.

In zoology, a small scar in place
of previously attached organ.

CILIARY BODY OF EYE, sill'eeary

(L. cilium, eyelid) . 451
CINOSTERNIDAE, sinoster'nide (G.

kinein, move + sternon, breast-bone

+ eidos, resemblance) 228
CINOSTERNUM ODORATUM 295
CIONA INTESTINALIS, si'ona (G.

kion, pillar) 130
CIRCLE OF WILLIS, definition of . . .368

CIRCULATION, ser'kula'shun—
Of bird 361
Crocodile 361
Double Ill

CIRCUMVALLATE, ser'kumviil'at (L.
circum, around + valla, wall) .315

CTSTUDO LUTARIA, sis'tudo luta'rea
(L. siista, box -h testudo, a tortoise
-|- lutarin^, belonging to mud) 278

CIVET, siv'et (P. zahad, froth of milk
or water) 310

CLADISTA, kiadis'ta (G. klados, a

branch + histion, a web) 218

CLARIAS 343
CLASPER, klas'per (M. E. claspen, to

hold) 283

CLASSIFICATION^
Of Chordata 119, 215, 239

CLAUSTRUM. klos'trum (L. claus-

trum, a bar), definition of 427
CLAVWULA, klav'ik'ula (L. clavic-

ula) 211
CLEAVAGE, kle'vaj (A. S. cleofan, to

cut )
—

Accessory 24
Amphioxus 22
Frog 129
Gastrula 132
Spindle 20

CLEFTS, BRANCHIAL, definition of. 74
Gill 74
Visceral 74

CLEITHRUM, klyth'rum (G. kleith- '

ron, bar, gate) 277
CLIMBING PERCH 221
CLITORIS, kly'toriss (G. kleien, to

enclose ) 390
CLOACA, klo'av'kah, glands of 249
CLOSED CIRCULATION, definition

of 357
CNEMIAL CREST, nem'ial (G.

hnemis, shin) 219
COBITIS, kobi'tis (G. kohites, gudgeon-

like) 346
COCHLEA, kock'leah (G. koohlias, a

snail) 4^5
OOCHLEARIS DUCTUS, kocklea'xis . . 4^5
COD 220

COELIAC, see'leeak (G. koilia, stom-
ach)

—

Artery 367
Axis 367

COLLECTING TUBULES 81

COLLIOULI, kolik'uli (L. coUiculti^,
a little hill ) 424

COLUIMELLA, kol'iimera, of ear 446
COLUMNAE CARNEAE, koliim'na

earnea (L. columnae -\- carnis, flesh).354

COMMISSURE, kom'Isur (L. cum, to-

gether + mittere, to send)—
Of brain 419^ 436

COMPARATIVE ANATOMY 213-466

INTRODUCTION TO 213
CLASSIFIOATION OF CHORDATA..

215-239
INTEGUMENT '.'.'.*.". "..'.'.'.

. . .240
Of amphibia 244
Of birds 245
Of fishes 244
Of mammals 248
Of reptiles 245
Glands

; £49
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Hair 248

Scales 252

ENDOSKELETON 257

Appendicular skeleton 274

Free appendages 283

Hip girdle 280

Limbs "^^^

Paired appendages 275

Regions of vertebral column 260

Skull 261

Summary of cranium 290

Summary of skeletal system 292

Vertebral column 257

DIGESTIVE SYSTEM 298

Detail study 304

Glands 317

Intestine 322

^ Liver 325

Oesopliag-us 320

Pancreas 327

vPharynx 319

Stomach 321

Summary 327

Teeth 307-313

Tongue 314

RESPIRATORY SYSTEM 333

Air-bladder and accessory organs.
343-346

Lungs and air-ducts 338

Summary 342

Swim-bladder 337

CIRCULATORY SYSTEM 348

V Aorta and aortic arches 362

Arteries 362

Arteries of dorsal aorta 366

Detail studies 352
Development 357

Heart 352
Lymphatic system 375

Somatic arteries 367

Summary 376
Vascular system 355

Veins 369

Visceral arteries 367

UROGENITAL SYSTEM 382

Adrenal organs
V Mesonephric ducts 385
Mesonephros 383
Metanephros 384
Organs of copulation 397
Oviducts 390
Pronephros 383
Reproductive ducts 387
Summary 399
Urinary bladder 386

I^IUSCULAR SYSTEM 403
Visceral muscles 407

NERVOUS SYSTEM 412
Rrain 416
Brain table 418-419

Cerebellum 437
Cerebrum 417

Cranial nerves 458

Diencephalon 434
Epiphysial structures 435

]Medulla oblongata 438

Meninges 416

^Mesencephalon 436

Neuromeres 415

Organs of special sense 444

Peripheral 455
Rhombencephalon 437

Spinal cord 413

Summary 438
Sympathetic 457

Telae chorioideae 438

CONCH, konk (G. kongche, shell) 448

CONCHA, NASAL, kon'ka (L. shell). 91

CONCRESCENCE, konkres'ens (L.

cum, together + crescere, to grow.. 28

CONDUCTING MEOHANIiSM 444

CONDYLE, kon'dill (L. condylus,

knuckle) 219

CONEY 238

CONPT^UENCEi, kon'flooens (L. cum,
with + fiuere, to flow) 28

CONGO SNAKE 22Jt

CONJUNCTIVA, kon'junktie'va (L.

conjunctus, join together) 453

CONTRACTILE, kontrak'til (L. cum,
with + trachere, to draw ) 444

CONUS ARTERIOSUS (G. konus,

cone) 366
CONVOLUTIONS OF BRAIN, konVo-

Iti'shun (L. cum, together + volvere,

to wind) 419
COPULA, kop'yulah (L. cum, to-

gether ; cqw, bind) 192, 316
COPULATION PATH 127

CORACO-ARCUALES, kor'ako arkua-
lez (G. korakinas, beak like a. raven

+ L. arcus, a bow ) 409

CORDS, MEDULLARY, definition of.. 96
Ovarial . 96

CORIUM, koh'reeum (L. leather) 241
C R N E A, kor'neeah ( L. corneus,

horny ) 451
CORNEUM, kor'neeum (L. coriwus,

horny ) 241
CORNIFICATION, kor'nifika'shun (L.

cornu, horn + facere, to make) .243, 313
CORONA RADIATA OF BRAIN, koro'-

na ra'diata 427
CORONARY VESSELS, kor'onari (L.

corona, crown ) 356
Crown-like vessels.

CORONOiID, kor'ohnoid (G. koraw,
crow) 273
CORPORA BIGEMINA, kor'pora

bigem'ina 417
Quadrigemina 88

CORPUS ALBICANS, kor'pus arbi-
kans (L. corpus, body -\- al\ha,

white) m
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Oallosuin ^A-^S

Cavernosum 396

Luteum 387

Mammilare 421

Restifonne 438

Striatum 417, 426

CORRELATION CENTERS, definition

of 423

CORTEX, kor'teks (L. cortex, bark),

of brain 417

CORTI, ORGAN OF 447

COTYLOID BONE, kot'iloid (G. Iwtyle,

a cup + eidos, form), definition of. .283

OOTYLOSAURIA, kot'ilosa'ria (G.

kotyle-\- sauros, lizard) 270

COWPER'S GLAND 396

CRANIAL NERVES (G. kranion,

head) JfS9

CRANIATA, krania'ta (G. kranion, the

skull) 119, 216

CRANIUM, kra'nium ( G. krcmion,

head) 262
CREMA.STER MUSCLE, kremas'ter

(G. kremannunai, to hang) 394
CREODONT, kre'odont (G. kreas, flesh

-j-odous, tooth) 310
CRESCENT, GRAY, definition of 128
CRICOID, krik'oid (G. krikos, a ring

+ eidos, form) 339
CRISTA GALLI (L. crista, a crest +

galius, cock) 447
CROCIDURA COERULEA, krosidu'ra

seru'lea (G. krokys, piece of woolen
cloth -|- L. coeruleus, sky-colored) . .255

CROCODILE HEART 361
CROCODILIA, krok'ohdill'eeah (L.

crocodile) 227, 229
CROP (M. E. croppe, top of plant) . . .321
GROSSOPTERYGII, cross sop'teryg'ee-

eye (G. krossoi, fringe; pteron,
wing) 218

CROTALINE SNAKES (G. krotalon,
a rattle) 309

CROWN OF TOOTH 311
CRURA CEREBRI, kroo'ra ce'rebri

(L. orus, leg + cerebrum, brain.) . . .

148, 417, 438
CRUS, krus (L. crus, leg) 284
CRYPT0BRANCHU8 ALLEGHENI-

ENk^IS, kriptobrang'kus (G. kryptos,
hidden + hrangchos, gill ) 224

CRYPTODIRA, kriptodi'ra (G. kryptos
+ deire, neck ) 228

CTENOID, ten'oid (G. kteis, comb) ...253
CUNEIFORM, kiu'neeiform (L. cimeus,
wedge) 285

CURSORIAL, kerso'rial (L. oursorius,
pertaining to running) 230

CUSP (L, Guspis, a point) 252, 312
A prominence as on a tooth.

CUTANEOUS, kiutay'neeus (L. cutis,
skin) 369

CUTIS PLATES, definition of 1-67

CUVIER, DUCT OF, definition of 77

CYCLOID, sigh'kloid (G. kyklos, cir-

cle) , definition of 253

GYGLOPTERU S, sTklop'terus ( G.

kyklos, a circle + pteron, wing) . . . .392

GYGLOSTOMATA, sigh'klostow'matah,

(G. kyklos, circle; stoma, mouth) . . .

216, 305

GYNOHYAE DON, sinohie'don ( G.

kyon, dog -f- hyaina, hyena) 310

GYNTHIA BIPARTIA, sin'thia (G.

kynthos, mountain in Greece) 130

GYPRINOIDS, sip'rinoids (G. kyprinos,

a carp + eidos

)

337

DARWIN, CHARLES 325

DASYPU8 SEXGINGTUS, das'ipus (G.

dasus, hairy + pons, foot + L. sex,

six, cingo, to bind around) 235
DECIDUA BASALIS, desid'tia (L.

de, away; cadere, to fall) 205
Capsularis 205
Reflexa 205
Serotina 205
Vera 205

DECIDUOUS TEETH, definition of . . . 308

DELAMINATION, delam'inashun (L.

de, down ; lamina, a layer
)

, defini-

tion of 133, 137
DEMIBRANCH, de'mibrank (G. demi,

half + hranchia, gill) 334
DENTAL FORMLTLA, den'tal (L. dens,

tooth) 313
Ridge 30'8

DENTARY, deii'taree (L. dens, tooth).

193, 273
DENTATUS GYRUS, denta'tfis jirus

(L. dentatus, toothed + giiros, turn)

....420
Nucleus 437

DENTINE, den'tin (or teen), (L. dens,
tooth) , definition of 308

DENTITION, dentish'un 308

DEPRESSOR IVrUSCLES, depres'or
( L. deprimere, to lower ) 406
Nerve 331

DERMAL BONES, der'mal (G. derma,
skin) , definition of 252

DERMAL MUSCLES, definition of... 403
DER M A RTIGULARE, der'marticu-

la're (G. derma, skin; L. articulare,
to divide into joints) 273

DERMATOME, derr'matome (G.
derma, skin; tomos, cutting), defini-
tion of 73

DERMIS, der mis (G. det^ma,^Un)—
Component parts of 241

DERMOGHELYS GORLAGEA, der-
mok'elis (G. derma, skin -f chelus,
tortoise) 228
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DEROTREMES, derotrems (G. dero,

neck + trema, a hole) 33G

DESCEMET'S INIEMBRANiE, definition

of 155

DESMOGNATHUS FUSCU8, desmog'-

nathus (G. desmos, a band + G.

gnathos, jaw) 22.^

DEUTOPLASM, du'toplasm (G. deute-

ros, second + plasma, something
formed) , definition of 126

DEVELOPMENT of digestive canal... 2P5

DE VRIES, HUGO 255
DIAPHRAGM, dye'aframm (G. dia,

between; phragm/mi, to inclose) .33i, 332

DIDELPHIA, didel'fia (G. di, two +
delphis, womb) 233

DIDELPHYS DORSiaERA, didel'fis

dorsij'era 233

DI EM IGTY LU S VIRIDES0EN8,
diemik'tilos (G. diameno, to perse-

vere + ichthys, fish) 225

DIENCEPHALON, diensef'alon (G. dia,

between; engkephalon, brain)

56, 424, Jfl8

DIGESTIVE CANAL—
Tract, development of ~0

DIGIT, dij'it (L. digitus, finger) 284

DIGITIGEADE, dij'itigrade (L. digi-

tus, finger, toe; gradus, step, walk) .290

DILATOR, dil'at'or (L. dilatare, to

expand) 339

DINOSAUR, di'nosawr (G. deinos +
sauros, lizard) 227

DIOCOELE, dio'sel, opening in dien-

cephalon, definition of 87

DIODON MACULATUS, di'odon (G.

dis, twice + odous, tooth) 221

DIPHYCERCAL, diff'eesir^kel (G.

diphyes, twofold; kerkos, tail) 261

DIPHYODONT, dif'eodont (G. di, two

+ pheifi, to produce + odous, tooth).309

Having two sets of teeth.

DIPNEUSTI, dipnus'ti (G. di, two +
pneustos or pnein, to breathe) 221

DIPNOAN, dip'noan (G. dis, twice;

pnein, to breathe) 261

DIPNOI, dip'noi (L. dipnous, double

breathing) 221

DISGOGLO S8US, diskoglos'us ( G.

diskos, disk + glossa, tongue) 389
DIVERTICULA, di'vertik'ula (L. de,

away; vertere, to turn) 298
DOG—

Skull 270
Sweat-glands of 250

DOGFISH—
Brain 432, 435
Dissected 329, 378
Eye muscles of 404
Longitudinal section of 431
Urogenital organs 396

DOG-SHARK 217

D0LIGII0GL088US K0WALEV8KI,
dolikoglo'sus (G. doUchos, long -+-

glossa, tongue) 122

DOLPHIN 238

DOUBLE CIRCULATION, definition

of Ill

DUCK-BILL 232

DUCT OF BO TALL US, dtikt (L.

diioere, to lead) , definition of 107

DUCTLESS GLANDS 327

DUCTUS BOTALLI 107, 172
Cuvieri 77
Venosus 77

DUGONG 237
DUODENAL LOOP, definition of 166

DURA MATER, diu'rah mah ter (L.

dura, hard + mater, mother) 416
EAR—

External 448
Inner 445
Middle 447
Stones 446

EAR BONES OF MAMMALS ^^6
EGHIDNA AGULEATA, ekid'na (L.

echidna, an adder) 232
Hystrix 232

EGHIDNIDAE, ekid'nide (L. echidna
+ G. eidos) 233

ECTOCHONDROSTOSIS, ek'tokondro-
sto'sis (G. ektos, without; chondros,
cartilage; osteon, bone), definition

of 257
EDENTATA, ee'dentay'tah (L. e, with-

out; dens, tooth) 234
EEL 220
EFFERENT DUCTS, definition of.... 186
EFT 224
EGG AXIS (Icel. egg), definition ol. .129

Tooth, definition of 313
ELA8M0BRANGHII, eelas'mowbran'-

kee-eye (G. elasmos, plate; branchia,
gills) 217

ELASTIC SHEATHS, definition of . . . .188

ELASTOIDIN, elastoi'din (G. elastikos,

elastic) 275
ELLIOT 168
EMBRYO, em'brio (G. emtryon, em-

bryo) .200
EMBRYOLOGICAL AREA, definition

of 36
EMBRYOLOGY—

Of chick 11-118
Of frog 119-194
Of mammal 195-215

EMBRYONIC DISC OF CHICK 32
Of lizard 34

EMBRYONIC SHIELD, definition of.. 200
Sac 40

ENAMEL ORGAN, enam'el (O. F.
esmailUer, to coat with enamel),
definition of 308
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ENDOCARDIUM, en"dokar'diimi (G.

endon, within; kardia, heart) JjG

ENDOCRiINOLOGY 320
ENDOLYMPHATIC DUCT, definition

of 157, 445
ENDOLYMPH SAC, endolimf (G.

endon, within; lymph, water) J/^S

END ORGANS ////2

ENDORHACHIS, endor'akis (G. endon,

within + rachis, spine) 416
ENDOSTYLE, en'dongh'style (G. eitdo,

within; stylos, column), definition

of 120, 320

ENDOTHELIUM, en'dotherium ( G.

endon, within ; thele, nipple ) , defini-

tion of 46

ENTEROPNEUSTA 216

E N T O C H ONDROSTOSIS, en'tokon-

drosto'sis (G. etitos, within; chon-

dros, cartilage; osteon, bone), defini-

tion of 257

ENTOVARIAL CANAL, en'tova'rial

( G. entos, within ; L. ovum, egg )

,

definition of 392
EPARTERIAL BRONCHI, ep'arterial

bronki (G. epi, wpon; L. arteria,

artery + G. bronchus, a windpipe) .346

The first branch of the right

bronchus.
EPAXIAL MUSCLES, epak'siai (G.

epi, upon; L. aa)is, axis), definition

of 404
EPEND'YMA, epen^dima (G. ependyma,
outer garment), definition of 148

EPIBOLE or EPIBOLY, epib'oli (G.

epi, upon; hallein, to throw), defini-

tion of 133

EPICARDIUM, ep'ikar'dium ( G. epi,

upon; kardia, heart), definition of.. 105
EPICOELE, ep'icel (G. epi, upon;

koilos, hollow), definition of 37
EPIDERMIS, ep'ider'mis (G. epi,

upon; derma, skin), component
parts of 241

EPIDIDYMIS, ep'idid'imis (G. epi,

upon; didymoSy testicle), definition

of 95, 390
EPI-HYAL, ep'ihi'al (G. epi, upon;

hyoeides, Y-shaped) 314
Pertaining to the upper portion

of the ventral portion of the hyoid
arch. As a noun, the upper element
of the ventral portion.

EPIMERE, ep'imer (G. epi, upon;
meros, part) 36

EPIMYOCARDIUM, epi'mio'kard'ium
(G. epi + mys, muscle + kardia,
heart) , definition of 105

EPINEPHRIN, epinef'rin (G. epi +
nephros, kidney) 399

EPIPHYSIS, epif'isis (G. epi, upon;
phyein, to grow) 66, 257, J^SO

EPLSTROPHEUS, ep'istro'feus (G.

epistropheus, turning) 260

The axis vertebra.

EPITHALAMUS, ep'ithal'amus (G.

epi, upon ; thalamos, chamber
) , defi-

nition of 430

EPITHELIOID BODIES, definition of. 163

EPITRICHIUM, ep'itrik'ium (G. epi,

upon ; thrix, hair) 242

An outer layer of the epidermis in

the foetus of many mammals, usually

shed before birth.

EQUIDAE, ek'wide (L. equus, horse +
G. eidos, like) 238

EQUILIBRIUM, ORGAN OF 448

ERYOPS, er'iops (G. eryein, to draw
out + ops, face ) 259

ETHMOID, eth'moid (G. ethmos, sieve;

eidos, shape)—
Plate 116

Where formed 191

EUSTACHIAN TUBE, iista'kian (I.

Eustachi, Italian physician), defini-

tion of 75, 448

EUTHERIA, uthe'ria (G. eu, well +
therion, a beast) 233

EXOCOELOM, ex'ose'lom (L. ex + G,

koilos, hollow) , definition of 39

EXONAUTES GILBERTI, eksona'tez

(G. exo, outside + nautes, sailor) . .220

EXTENSORS 406

EXTERNAL CAPSULE OF BRAIN.. 427

Gills - 125

EXTRA EMBRYONAL AREA, defini-

tion of 36

EXTRA EMBRYONIC MEMBRANES
OF CHICK, ek'stra-em'brion'ik (G.

exter, outside; emhryon, foetus) .... 39

EXTRINSIC MUSCLES, ekstrin'sik

(L. extrinseous, on the outside) . . . .406

EYE MUSCLES (M. E. ighe) 4^4
Lens 67

Birds Jt52

FABELLA, fabel'a (L. fahhella, a small
bean) 286

FALCIFORM, fal'siform (L. falx,

sickle) 113
Sickle-shaped or scythe-shaped.

Process of eye 454
FALX CEREBRI, faiks cerebri (L.

falx, a sickle) 416
FASCIA, fash'ia (L, fascia, a band or

bandage) 405'

An ensheathening band of connec-
tive tissue.

FASCICULUS, FASCICULI, fa'siku-

lus uli (L. a little bundle) 405, 414
The direct pyramidal tract or

tracts.

FASCIOLARXS GYRUS, fas'iola'iis

ji'rus (L. fasaioia, a, small bandage) 420
FAUCES, faw'ses (L. throat) 314
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l^l^ATHEK—
Developnieiiit of 240

Structure of • 246

Tracts 245

FELIDAE 234

FELIS LEO ^10

FEMOEAL, FEMORIS, fem'oral, or is

(L. femur, thigh) 368

Pertaining to the thigh.

FEMORAL PORES, definition of. .245, 249

FEMUR fe'mur (L. thigh), definition

of ...' 283

FENESTRA OVALE 447

FBKESTRA OVALIS 291

Rotunda 446

Tympani 446

FERTILIZATION, fer"tiliza'shun—

Meridian 126

FIBULA, fib'ula (L. clasp or buckle) .219

The outer and smaller bone of the

shin.

FIERASTER A0U8 '220

FILIFORM, fi'liform (L. fllum, thread

+ forma, form )
315

Thread-like.

FILO' PLUME, fil'oplum (L. fllum,

thread + plurna, feather) .246

A delicate, hair-like feather with

long axis, and a few barbs at the

apex.

PILUM TERMINALE 415

FIMBRIA, fim'bria (L. fringe) 274

Any fringe-like structure.

FINS—
Undifferentiated 27

Jf

FISHES—
Cranial nerves of Jf39

Development of skull 115
FISHINO, FROG 221

FISSURE,, fish'ur-
Of brain 418

FISTULA, fis'tula (L. fistula, a pipe,

tube) 305
FLEXORS, definition of 406
FLOCiCULUS, flok'uliis (L. a little

piece of wool ) 437
A small accessory lobe on each

lateral lobe of the cerebellum.

FLOUNDER 221
FLYING FISH 220
FOETUS, or FETUS, fe'tus (L. foetus,

offspring) 200
An embryo in the egg or in the

uterus.

FOLLICLE, fol'ikl (L. folliculus, a
little bag) 18

A capsular fruit which opens on
one side only.

FOLLICLE, GRAAFIAN 17
FONTANGELLE, fontanel' (F. a little

fountain) - 261

A gap or space between bones of

the cranium, closed only by a mem-
brane.

FOOT CELLS OF SERTOLI 96, 387

FORAMEN, FORAMINA, foramen,

ra'mena
Any opening.

FORAMEN MAGNUM—
Of Panizza 362

Ovale, definition of 110

FORE BRAIN 48

Gut 33, 62

FORMATION OF GERM LAYERS IN
MAMMAL 198

FORNICATUS GYRUS, fCrnikatus

jirus (L. fornicatus, arched) 420
FORNIX, for'niks (L. an arch or

vault) 421

An arched sheet of longitudinal

fibers beneath the corpus callosum.

FOSSA, fOs'a-
Hypophyseos 263
Rhomboidalis 438

FOSSORIAL 230
FOVEA CENTRALIS, fo'vefi (L. fovea,

depression) 453
FRENULUM, fren'ulum (L. a bridle

or bit) 315
A fold of membrane as of tongue

or clitoris.

FRENUM, fre'ntini (L. bridle) 315
A frenulum.

FRICTION RIDGES 255

FROG—EMBRYOLOGY—
Comparison of Tadpole and Chick

.

. .119
Blastulation 129
Classification of chordata 119
Embryo formation 140
Fertilization 126
Gastrulation 132
Later development of tadpole 145
Lateral line organs 158
Maturation 128
Medullary plate 138
Nervous system 146
Somites 144

Digestive Tract 161

Midgut derivatives 165
Hindgut derivatives 166

Mesodermal Somites 167

Table of Somites 168
Circulatory System 170

Arterial system 172
Heart 170
Origin of—

•

Circulatory system 175
Venous system 175
Lymphatic system 178

Septum transversum 180

Urogenital System 181

Adrenal bodies 186

Epinephroi 186
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]Mesonepliros 184

Wolffian body 1S4

Skeletal system E^^"^ \

Skull P^\
FRONTALS <.^.'

FUNfGIFORM, fiin'jiform (L. fungus,

a iniishroom ) 315

Shaped like a fungus.

FUNICULUS, fiunik'yulus (L. a small

rope or cord) 414

A small cord Oir band of fibers,

especially in the brain.

FURCULA, fur'kiula.h (L. a little

fork) 280
A forked pi'ocess or structure, the

merry-thought bone.

CtADOW 228
GADUS MORRHUA, ga'dus morua (L.

gadus, cod-fish) \ 220
GALL 326

GANGLIA, gang'glia, brain 426

GANOID, gan'oid (G. ganos, bright) .219

GARPIKE 219

GASSERIAN GANGLION, gasee'rian
(from a physician, Gasser) 89, 462
Same as semilunar ganglion.

GASTRIC ORGAN, gas'trik (G. gaster,
stomach) , of birds 330

GASTROCOEL, gas'trohseal (G. gaster,
stomach; koilos, hollow) 298

GASTRO-HEIPATIO OMENTUM 113
GASTRULA, gas'trewlah (L. a little

stomach)
Of Amphibian 27
Of Amphioxus 27
Of Bird 26, 27
Of Frog m

GASTRULAR CLEAVAGE, definition
of 132
Groove 132

GASTRULATION^
Of frog U)^

GAVIALTDAE GANGETICU8 229
GECKONES, gek'onez (Malay, gekok,

imitator) 230
GENICULATE BODIES, jenik'ulat (L."
gemouhim, little knee) 430

GERM-BAND OF INSECT—
Ring 132
Wall 28

GERMINAL CELLS, jerm'inal (L. ger-

men, bud ) 148
Disc 19
Epithelium 18
Vesicle 19

GERMINATIVUM, jerr' minaytivum
(L. germino, to sproutJ 2 J/

2

GESTATION, jesta'shun (L. gerere, to

carry ) 195
GIBBON 236
GILA MONSTER, Hela 231

GILL-ARCH, gil (M. E. gille, gill),

Theory of 275

Clefts 74

Pouches • . 74

Septa 351

Slits 305

GIRAFFIDAE, jiraf'ide (Ar. rjaraf,

giraffe + eidos

)

236

GIZZARD, giz'ard (M. E. gi^er, giz-

zard) 321

GLANBICEPS HAGKSI 122

GLANDS, glandz (L. glans, an acorn) .

Acinous 250
Anal 249

Bowman's 451
Buccal 318
Carotid 104. 319
Cloacal 249
Cowper's 396
Ductless 327
Ilarder's 454
Intermaxillary 318
Internasal 318
Of internal secretion 327
Labial 318
Lachrymal 158
Lymph 37€
Mammary 249
Meibomian 249
Molar 318
Necrobiotic 249
Orbital 313
Palatal 313
Pineal gg
Pituitary qq
Prostate 395
Pteiygopo'dial 244
I^ed ]s37
Retrolingual 313
Salivaxy '..'3177318
Sebaceous 249
Serous ,_ 315
Spleen '.'."..''7'

'.'.180

Stenson's 451
Sub mandibular 315
Sweat 249
Tarsal .....] 949

J%™ 163, 319
Thyroid

329
Uropygial ....'.'..'. .".'.'.'.*

[ 246
Vitally secretory 949

GLENOID, glee'noid—
"^

Cavity
2jgGLIA CELLS, glfa, gle'a {G.' gloia,

glne)
J4g

' ,

GLOMERULI OF NERVES. ..'.'.... .'.460
GLOTTIS, glott'iss (G. glotta, tongue). 164
GNATH0ST03IATA, nath'ohstow'ma-

ta (G. gnathos, jaw; stoma, mouth)
217 ^n"

GONIALE, gon'iala' goniala {G. gonia
ef^™er) .. '273
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GONiOTOMES, gon'otomz (G. gone,

seed + temnein, to cut) 95

GORILLA ENGENA, goril'a (G. goril-

la, native name of the wild crea-

ture) 236

GRAAFIAN FOLLICLE, grahfean
(after de Graaf, a Dutch physician)

16, 19, 196

GRANULOSUM 241

GRAY CRESCENIT, definition of 128

Matter of nervous system 414

GROWTH—
Zone 132

GUBERNACULUM, giu'bernak'yulum

(L. a rudder) 394

GY MN OPH 10 NA, jimnofi'ona ( G.

Qvmnos, naked + ophioneos, serpent-

like) S^;^223

GYRUS, ji'rus (plural, gyr^) , i^-

gyros, round) ;
• •

-419

H^-BEISrULA, haben'yula (L. a little

band) 1^'^' ^^^

HAEMAL ARCH, hem'al arch (G

haima, blood) -^o«

HAEMATUM (G. haim,atos, of blood) .285

HAG FISHES, definition of 217

EALICORE DUGONG, halik'ore, doo-

gung (G. lulls, sea + hore, Maid) ...4SI

HALLERI CAMPANULA 454

HALLUX, hal'luks (G. halhuoc, toe).. 286

E ALM ATU RU S, halmatu'rus ( G.

halma, spring + aura, tail) 249

EAPLOMI 219

HARDER'S GLAND 454

HARE-LUP, definition of 76

HEAD KIDNEY 80

HEART—
Beat, when it begins 98

Development of ^^

Development of, in chick 45

HELLBENDER ^2J,

HELODERMA HORRIDUM.. 230

HEMIAZYGOUS VEIN, hemiaz'igos

(G. hemi, half + azygos, unyoked) .373

EE MICEORD ATA, hem'ikorda'ta

(L. hemi, half; chorda, cord) 216

EEMIDACTYLUS TURICUS, hemi-

dak'tilus (G. hemi + dalctylos, a

finger )
231

HEMISPHERES OF BRAIN US
EEMISUS GUTTATUM 277

HENLE'S LOOP, definition of 81, 382

HENSEN'S NODE, definition of 31

HEPAR, he'par ( L. hepar, liver )

H E PTAN CHU 8, heptang'kus (G.

hepta, seven + angchein, to choke) .342

HERBIVEROUS, herbiv'orus (L.

herha, grass + vorare, eat) . 236

HERALVPPIRODITE, hermaff'rowdite

(G. Hermes, Mercury; Aphrodite,

Venus )

Frog 39S

True, definition of 398

HERRIOK 430, 433

HETEROCEROAL, het'eroser'kal ( G.

heteros + kerkos, tail) 261

HETERODONT, het'erohdahnt ( G.

heteros, different; odon, tooth) 309

HETEROMI 219

HEXANCEUS, heksang'kus (G. hex +
agchein, to choke) 342

HIND BRAIN 48

Gut 62

HIPPOCAMPUS, hip'pohkam'pus (G.

hippos, horse; kampos, sea-monster).

Barbouri ' 220

Of brain 419

HOLOGEPHALI, holosef'ale (G. holes

+ kephale, head) 218

HOLOSTEI, holoss'tee'eye (G. holes,

whole; osteon, bone) 219

HOLOTHURIA, holothu'ria (G. hole-

thourion, a kind of zoophyte) 220
HOMOCEROAL, hom'oser'kal (G.

homes, the same; kerkes, tail) 261

HOMODONT, hom'odont (G. homes +
odous, tooth ) 309

HONEY-COMB OF STOMACH 321

HORMONE, hor'mon (G. hormae, to

excite) 399
HUMERUS, hiu'merus (L. the bone of

the upper arm) 283
HYAENA CROCUTA (G. hyaina, a

hyena) 310
HYLOBATE& ENTELL0IDE8, hilob'a-

tez (G. hylohates, one who haunts
the woods) 236

HYMEN0GHIRV8 226
HYOBRANCHIAL APPARATUS, hio-

brang'kial (G. Y + hrangchia, gills. 193
Support 314

HYOSTYIJC, hi'ostilik (G. Y + stylos,

pillar) 274
HYPARTERIAL BRONCHII, hip'arte'-

rial (G. hype, under -f- L. arteria,
channel ) 346

liYPAXIAL MUSCLES, hipax'eeal (G.
hypo, below; axis, axis) 403

HYPERMASYISM, definition ol 251
HY^PERTHELIiSM, definition of 251
HYPERTROPHY, hiper'trofi (G.

hyper, above + trophe, nourish-

ment) 256

HYPOBLAST, hypoblast (G. hype +
hlastes, bud) 141

HYPOBRANCHIAL PLATE, hi'po-

braing'kial (G. hypo + hrangchia,

gills) 193

HYPOCHORDAL R D, hi'pdkordal

(G. /M/po + cherde, string) 166
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HYPOCOELE, hi'posel (G. hypo +
koilos, hollow) 37

HYPOCO'NID, hipoko'nid (G. hypo +
IcoTios cone) ox^

H Y P I S C H I U M, hi'pois'kium { G.

hypo + ischion, hip) 282

HYPOMERE, high'poh'mere (G. hypo,

below ; meros, part) 36

HYPOPHYSIS, hipof'osez (G. hypo,

below; phyo, to cause to grow) 66

HYPOTHALAMUS, hi'pothal'amus (G.

hypo + thalamos, chamber) . . . .417, 429

HYRACOIDEA, hiriikoi'dea (G. hydrax,

shrew-mouse + eidos, like) 238

EYRAX ABYSSINICU8 238

ICHTHY0PHI8 GLUTIN08A .223

IGHTHY0P8IDA, ik'thyop'sidah (G.

ichthys, fish; opsis, appearance),

definition of 239

ICETEYOPTERYGIA, ik'thiopterij'ia

(G. ichthys, fish + pteryx, wing),
definition of 283

I GETEYO SAURS, ik'thiosars (L.

ichthyosaurus, fish-like lizards) 275

IGUANA TUBERGULATA, igwa'na
(Sp. iguana, from native Haytien
name) 231

ILEUM, definition of 324

ILIO-COSTALIS MUSCLE, ill'io'kos'-

talis (G. eilo + L. costa, rib) 406
ILIUM, ilPeeum—

Homologue 280

IMPLANTATION, implanta'shun (L.
in + plantare, to plant) 20O

I Nl C I S O P, insi'sor ( L. incido, cut
into)

. .279
Teeth 310

INCUS, inn'kuss (L. anvil) W
INDEX FINGER, in'dex (L. indicare,

to indicate) , definition of 286
INFRAORBITAL LINE, in'fraSr'bital

(L. infra, below + orhis, circle) .... 158

I N F U NDIBULUM, inn'fundib'yulum
( L. funnel )

.

(See also hypophysis, pituitary
body.

)

Definition of 430
Of oviduct 16

INGLUVIES, ingloov'iez (L. ingluvies,

crop) 321

INHIBITORY FIBERS, definition of.. 423

INNER CEIjL MASS, in'er (A. S. inra,

inside), definition of 197

INNOMINATE, inn'nomm'inate (L.

innominatus, without a name)
Artery 331

INSEGTIVORA, in'sektiv'ora (L. in-

sectus + vorare, to devour ) 234

INSULA, in'sula (L. insula, island) . .418

INTEGUMENT, integ'ument (L.

inteqo, to cover), component parts

of .: 241

INTERAURICULAR SEPTUM, in'ter-

Orik'tilar (L. inter, between +
auricula, little ear + septum, par-

tition) 116

INTERBRANCHIAL SEPTUM, in'ter-

brang'kial (L. inter + G. hroMchia,

gills) ....334

INTERCOSTAL ARTERIES, in'terkos

tal (L. inter + costa, rib) 367

INTERMAXILLARY GLANDS (L.

maxilla, jaw) • • • • •
•'^^^

INTERMEDIATE CELL MASS (L.

medius, middle) -•••'; ^^^

INTERMEDIATE MASS OF BRAIN,

definition of •- • • • •
; i"

'

INTERNAL CAPSULE OF BRAIN
definition of ^J

INTERNAL GILLS •
1^^

INTERNASAL GLANDS (L. nasus,

\ 31o
nose) • ,Q(.

Plate, definition of
;

•
^»^'

INTERORBITAL SEPTUM (L. orUs,

circle) , definition of lib

INTERREiNlAL (L. renes, kidneys),

definition of 398

INTERRENAL VEINS •
374

INTERSEGMENTAL 178

INTERSTITIAL CELL 395

INTRALIMBRICUS 420

INTRINSIC MUSCLES, intrin'sik (L.

intrinsecus, inwards) 406^

INVERSION, OF GERM LAYERS, la-

ver'shon (L. invertere, to tuni

about) i^^
INVOLUTION, in'volu'shun (L. in-

volvere, to roll up) . 133

IRIS, eye'riss (G. rainbow), of eye.. 451

ISCHIADIC ARTERY, is'kiad'ik (G.

ischion, hip ) 368

ISCHIUM, is'keum (G. ischion, hip),

Homologue 280

ISLE, ISLET, OR ISLAND OF REIL.418
ISTHMUS, OF BRAIN, is'mos (G.

isthmos, neck), definition of 421

Oi oviduct 16

Of pharynx 335
Rhombencephali 416

IVORY, of tooth, iVori (L. ebur,

ivory ) .-308

JACOBSON'S COMMISSURE, defini-

tion of 464
JACOBSON'S ORGAN, definition of . . .

158, 449
A diverticulum of the olfactory or-

gan of many vertebrates, often devel-

oping into an epithelium-lined sac
opening into the mouth.
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JEJUNUjSI, jee'jew'niim (L. hungry),

definition of 324

JUGAL, jew'gal (L. jugum, yoke),

Malar bone 273

JUGULAR, jew'giular (L. jugulum,

the collar bone) 372

KAMMERER 225

KELLICOTT 168

KIDNEY, kid'ni (M. E. kidnere, kid-

ney) , section of S93

KINGSLEY 203, 382

KRAUSE, END-BULB OF 442

LABIAL GLANDS, lay'beeal (L.

labium, lip ) 318
LABYRINTH, lab'irinth (L. lahyrin-

thus, labyrinth) 325
Membranes 446
Nasal 450
Of ear 446

LAOERTAE, laser'ta (L. lacerta, liz-

ard) , definition of 230
LACERTILIA, las'ertil'ia (L. lacerta,

lizard) 229
XACHRYMAL GLANDS, lak'remal (L.

lacrima, tear) 158
.XACTEALS, lak'tealz (L. lac, milk) . .376
LACUNAE, laku'na (L. lacuna, cav-

ity) , definition of 43
7L A G E N A, lajee'nah ( G. lagenos,

flask
)

, definition of 446
'LAMINA, lamm'eenah ( L. a thin

plate) 42, 434
XAMINA TERMINALIS, definition of. 146
XANCELET, definition of 215
LARVA, lar'va (L. larva, ghost) 123
LARVACEA 215
LARYNGEAL CHAMBER, larin'jeal

(G. laryna;) , definition of 164
LARYNX, lar'inks (G. lary^iw, gullet),

definition of 304
LATEBRA, lat'ebra (L. latehra, hiding-

place) 15
LATERAD. (See table of prefixes and

suffixes.)

LATERAL, lat'eral (L. latus, side)—
Folds 62

Limiting sulci 62
Line organs 432, /,33

Nuclei 429
Plate 37
Ventricles 87

LATIiSSIMUS DORSI, latiss'imus

dor'si (L. the broadest) 406

LEATHER, definition of 243

LEATEERBAGK TURTLE 228

LEMNISCI, lemnis'ki (G. lemniscos,

fillet) 429

LENS OF EYE, lenz (L. lens, lentil) . 67

LENTIFORM NUCLEUS, len'tiform

(L. lens + forfiia, shape) 427

LEPID08IREN 222

LEPID0STEU8 08SEUS, lepp'idoss'-

teeus (G. lepis, scale; osteon, hone) .219

LEVATOR, levay'tor (L. a lifter), defi-

nition of 406
LEYDIG'S DUCT, definition of 385
LIMITING SULCUS, definition of . . . .423

LINEA ALBA, lin'ea al'ba (L. linea,

line -+- alha, white) 404
LI 8 SAM P H I BIA, lis'amfib'ia ( G.

lissos, smooth; amphihios, double
life) 223

LIVER, liv'or (A, S. lifer, liver), de-

velopment of 165
LIZARDS 227
LOBUS VAGI 420
LOCALIZATION OF BRAIN CEN-
TERS (L. locus, place) 433

L0EMANCTU8 LONGRIPES 277
LONGISSIMUS CAPITIS, lonjiss'ee-

mus cap'itis (L. the longest of the

head ) 406
Dorsi 406

LOPHIUS PISCATORIUS 221

LOPHODONT, lo'fodont (G. lophos,
crest -f- odous, tooth) 310
Having transverse ridges on the

grinding surface.

L U C I D U M, loo'sidiim ( L, lucidum,
clear) 241

LUNATUM, luna'tiim (L. hma, moon).285
LUNG, lung (A. S. lunge, lung), de-

velopment of 164
Fishes 221

LYMPH, limmf ' ( L. lympha, clear

water )
—

Duct 356
Gland 376
Vessels . ... 376

LYMPHOCYTES, lini'fosits' "(L.' lympha
+ G. kytos, hollow), definition of.. 37

6

MACACU8, maka'kus (Sp. macaco,
word of African origin), definition
of . 255

MAGHAIRODUS GULTRIDENS 310
MAGROGLEMMYS TEMMINGKI 295
MAGULA LUTEA, mak'ula (L. macula,

spot -{- luteum, yellow), definition

of 453
MAILED FIiSHES, definition of 252
MALAGOPTERYGII 219

MALAR, may'lar (L. mala, cheek)... 273

MALLEUS, mahl'eeus ( L. hammer ) . .

292, U6
MALPIGHIAN, mal'pig'ean (after

Malpighi, an Italian biologist).

Layer 241

MAMMAL, mam'mal (L. mamma,
breast )

—

Cranial nerves of 4^0

Skull of 270
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MAMMALIA, mamay'leeah (L. mmn-
ma, breast), definition of 232

MAMMALIAN EMBRYOLOGY. .195, 209

Allantois 204
Attachment of blastodermic ves-

icle 199

Blastoderm 197

Decidual membranes 205
Embryonic membranes 20i

Fertilization 196

Formation of germ-layers 198
Implantation 200
Placenta 202
Umbilical cord 207
Yolk-sac 203

MAMMARY GLANDS, mam'aree (L.

mamma, breast), definition of 249

MAMMILLARY BODIES OF BRAIN,
definition of 430

MANATEE 237

MANATU8 237

MANDIBLE, MANDIBULAR, man'-
dibl, mandib'yular (L. mandibula,
jaw) 439

MANUBRIAL CARTILAGE, manti'br'al

(L. manuhrium, handle) 193

MANUS, may'nuss (L. hand), defini-

tion of .284

MANYPLIES, men'ipliz 32-1

MARINE 229

MARSUPIAL!A, ma.rsu'pea'lia (L.

marsupium, a pouch), definition of. 233
MARSUPIUTVI, definition of 195

MASSA INTERMEDIA 441

MEATUS, mea'tus (L. passage), defi-

nition of 448

MEATUS VENOSUS, definition of 77

MECKEL'S CARTILAGE, definition

of 192
Diverticulum, definition of 204

MEDIASTINUM, me'dias'tinum, asti-

num (L. mediastinum., servant) 331

The space between the right and
left pleura in and near the mid-line

of the body.

MEDULLA OBLONGATA, medul'a 6b'-

long'gata (L. medulla, marrow, pith

+ ohlongatus, oblong) 417

Definition of 421

MEDULLARY, medd'ulayree (L. med-
ulla, marrow, pith) 388

MEDULLARY CORDS, definition of. . 96

MEDULLARY FOLDS, definition of . . . 36

Groove, definition of 36

Plate, definition of 36

MEDULLATED NERVE FIBERS,
definition of 414

MEGALOPS ATLANTICUS, meg'alops

(G. megalon, great + ops, eye) 220

Larval stage of certain crusta-

ceans, conspicuous due to their large

stalked eyes. Habitat — Atlantic

oceani.

MEIBOMIAN GLANDS, mibo'mian,

definition of 249

MEISSNER'S CORPUSCLE U2
Plexus, a gangliated plexus of

nerve fibers in the submucous coat

of the small intestine 4^8
MENTAL, men'tal (L. mentum, chin) .192

MERIDIAN, FERTILIZATION, defini-

tion of 126

M E S E N CEPHALON, mes'ensef'alon,

(G. mesos, middle + ew, in + kep-

hale, head ) 48
MESENCHYME, mess'enkime (G.

mesos, middle + enohyma, in a fluid),

formation of 37
MESENTERIC, mess'entare'ik (G.

mesos, middle; enteron, gut) 108
MESENTERIES, definition of 113
MESOCARDIA, definition of 10-5, 180
MESOCARDIUM, mes'okar'dium (G.

mesos + kardia, heart), definition

of 46, 352
MESOCOELE, mes'osel (G. mesos +

koilos, hollow), definition of........ 87
MESOCOLON, mes'oko'ldn (G. mesos
+ kolon, large intestine), definition

of 113
MESODERM, mess'ohderm (G. mesos,

middle; derma, skin), definition of. .300
Origin of in chick 32

ME SOG ASTER, mess'ohgas'ter (G.
mesos, middle; gaster, stomach),
definition of 113

MESOGASTRIUM, definition of 322
MESOHEPATICUM (G. mesos + L.

h&par, liver), definition of 180
MESOMERE, mess'ohmere (G. mesos,

middle; meros, part), definition of. .

36, 79
MESONEPHROS (G. mesos + nepJvros,

kidney) , development of. 80
ME,SORCHIUM, messor'keeum (G.

mesos, middle + orchis, testis), defi-

nition of 185, 387
MESOTIC CARTILAGE 190
MESOVARIA, definition of. .... . .16, 387
METACARPUS, definition of 284
METACONE, met'akon ( G. meta, after

-h konos, cone ) '. 312
The posterio-external cusp of an

upper molar.

METAMERE, met'amere (G. meta,
after -j- meros, part), definition of . . 36

METAMORPHOSIS, met'amor'fosis G.
rneta, beyond + morphe, form)—

Of frog 123
METAPpDI UM, met'apo'dium ( G.

meta + pous, foot), definition of . . . .284
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METATARSUS, met'atar'sus (G. meta

+ tarsus, ankle), definition of 284

METATHALAMUS, met'athal'amus (G.

meta + thalamos, chamber), defini-

tion of 430

METHATHERIA, metathe'ria (G. meta,

beyond + therion, a wild beast),

definition of 233

METRI0RHYNCHU8 ^^J

MID-BRAIN", definition of ^»

MID-GUT, definition of ........ • bZ

MILI^ DEl^TITION, definition of ^U»

MINIMUS, min'imus (L. Tmmmus

least). The fifth digit, definition of. 286

MITRAL VALVE, mi'tral (F. rrntre, a

peaked cap) , definition of .
.

^bz

MIXED NERVES, definition of if?^

MIXIPTERYGTUM, mik'sipterij'lum

G. mixis, mixing + pterygton, little

K Zoo

MOlfAR GLAND,'mo'lar (L. ^oto'

millstone) '•;••• T"' V^
MOLAR TEETH, mo'lar (L. molere, to^^^

grind)
2SJfMOLE •

.•"'^

MONILIFORM, monil'iform (L. montte,

necklace + forma, shape) . .
. . •

. • • •
-^^^

Constricted at regular intervals,

giving the appearance of a chain ot

beads,

MONITOR, mo'nitor (L. monitor, ^^^

who reminds)

MONKEYS, mung'kis (origin unknown;

prob. Fr. G. mimo, an ape) ... • • •
• -^^^

M N O D E L P H lA, monodel fia ( G.

monos, single + delphis, womb) ... .234

MONO DON MONOCEROS, won'odon

mono'serus (G. monodous, one-

toothed + monokeros, a unicorn) .
.
.^dS

MONOPHYODONT, monofi'odont (G.

monos + phi/ein, to produce + <^^o^^>

tooth) , definition of -• -SO©

MONOTREMATA, mon'ohtremm atah

(G. monos, one; trema, opening),

definition of 232

MONRO—
Foramen of *•

'

Sulcus of, definition of 423

MORGAGNI'S SINUS, definition of. .
.340

MORULA, mor'ula (L. morum, a mul-

berry) ,
definition of 25

Of rabbit 197

MOULT, molt (L. muiare, to change) .243

MUCOSUM 241

MUD-EEL 225

MUD-PUPPIES '225

Definition of 225

MULTANGULUM, miiltang'gulum (L.

multus, many + angulus, angle) . . . .285

Two carpal bones, the trapezium

and the trapezoid.

MUSCLE, mus'l (L. musculus, mus-

cle)—Plate, definition of 92, 167

MUSTELIDS, mus'telids (L. mustela,

a weasel, also kind of fish), defini-

tion of -311

MUSTELIS, definition of 217

MYELENCEPHALON, mi'elensef'alon,

(G. myelos, marrow -f- en, in +
Jcephale, head), definition of 421

MYELOCOELE, mi'elosel (G. myelos,

marrow + Jcoilos, hollow), definition

of 87

MYLOHYOID, myaowhigh'oid (G.

myle, mill; upsilon, the letter y) . . .408
MYOCARDIUM, mi'okar'dium (G. mys,

muscle + kardia, heart) . 4^
Definition of 105

MYOCOELE, mi'osel (G. mys +
koilos) , definition of 78

MYOCOMMATA, mi"okiim'ata (G.

mys, muscle; komma, that which is

cut off) , definition of 168
MYOEPICARDIAL MANTLE, mi'oepi-

kar'dial (G. mys + epi, upon +
kardia, heart) , definition of 353

MYOTOME, my'ohtome (G. mys, mus-
cle; tome, cutting), definition of. 78, 167

31 Y ST AGO C ETI, mis'tacose'ti ( G.

m,ystos, mustache + ketos, whale) . .239

An order of cetaceans, including
whalebone whales.

They are toothless but have
baleen in upper jaw.

MYXINE GLUTINOSA, miksi'ne gluti-

no'sa (G. myxa, slime + L. glutmo-
sus, gluey ) 217

MYXIPTERYGIUM 283

NAIL, nal (A. S. naegel, nail) 2^5
The terminal horny plate of finger

or toe.

NARES, na'res (L. nostril) 158, 448

NARWHAL, nar'hwal (Icel. nahvalr,
a corpse-whale) 238

NASAL, na'zal (L. nasus, nose) 193
NAVEL, na'vel (A. S. nafele, navel) . .208

Place of attachment of umbilical
cord.

NAVICULARE, navi'k'ulare (L. navis,
ship) 285
The scaphoid radiale of mam-

malian carpus.

NECROBIOTIC GLAND'S, nek'robiot'ik

(G. nekros, a dead body + hios,

life) , definition of 249
NEGTURUS MAGULATUS, nectur'us

(G. nektos, swimming; oura, tail) ..225
NEENCEPHALON 434

NEOGERATODUS FOSTER! .222

NEOPALLIUM, ne'oparium (G. neos,

young + pallium, cloak ) , definition

of 419, 426
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NEOTHALAMUS, neothal'amus {G.
neos + thalamos, a chamber), defini-
tion of^ 429

NEOTONY, definition of .' .224
l^EPHRIDIA—

Views as to relations 382
NBPHROSTOME, neff'rowstome (G.

nephros, kidney; stoma, mouth),... 81

N E P H R T M E, neff'rowtome ( G.

nephros, kidney; tome, cutting),

definition of 79, 169

NERVOUS ACTION, experiment of . . . 97

NEURAL, nti'ral (G. neuron, nerve)—
Arch 259

Crests 43

Folds 36, 139

Groove 36, 139

Plate 35
Ridge 138

Tube 42

NEURENTERIC CANAL, nur'enter'ik

( G. neuron, nerve + enteron, gut
)

,

definition of 51

NEUROGLIA, nu'rogle'a, nurog'lia (G.

neuron + glia, glue) 413
•Supporting tissue of nerve cells

and nerve fibers.

NEUROMASTS, nii'romasts (G. neuron
+ mastos, knoll ) 458
Groups of sensory cells in the lat-

eral line of fishes.

NEUROMERE (G. neuron + meros, a
part) 49, 55

A spinal segment.

NEUROPORE:, nu'ropor (G. neuron +
poros) 42, 50, 141

The anterior opening of the neu-

rocoele to the exterior,

NEWMAN, H. H 119

NEWTS 224

NIBAMENTAL GLANDS, nid'amen'tal

(L. nidus, a nest) 392
Glands which secrete material for

an egg-covering.

NODOSE GANGLION, nodos (L.

nodiis) , definition of 465

NOTIDANID, notid'anid (G. notidanos,
with sharp-pointed dorsal fin)

A sub-order of sharks with more
than five gill-clefts.

NOTOCHORD, no'toekord (G. notos,
back; chorde, string) 138, 216

NOTOGENEiSIS, no'togen'esis (G.
notos + genesis) 139

NOTORYGTES, notoriktez (N. L. same
word, a generic name) 455

NOTOTREMA, nototre'ma (G. notos
+ trema, perforation) 392
A genus of South American toads

with dorsal brood-sac.

NUCHAL, new'kal (L, nucha, nape of
the neck) 278

Brain fiexure 415
NUCLEI, OF BRAIN 423
NURSE CELLS, definition of . 19
NUTRITIVE CELLS, definition of 387

OBLIQUE SEPTUM, definition of 332
OBSTETRICAL TOAD, obstet'rikal (L.

obstetricus, pertaining to midwifery,
from L. oh, before, and sta/re, to
stand) 226

OBTURATOR, ob'turator (L. ohturare,

to stop up)
Foramen 279

OCCIPITAL CARTILAGE 191

OCCIPUT, ok'siput (L. occiput, the
back of the head, from oh, over
against + caput, head) 191

ODONTOBLASTS, odont'oblasts (G.

odous, tooth + hlastos, a germ) . . . .308

Embryonic cells to form future
teeth.

ODONTOCETI, odontose'ti (G. odous,
tooth + ketos, a whale) 239
A sub-order of Cetacea.

ODONTOID, odont'oid (G. odous +
eidos, resemblance, tooth-like) 93

Process 260
OIKOPLEURA, oikoplu'ra (G. oikos,

house -f pleura, side) 120
One of the order Larvacea.

OLECRANON, olekra'non (G. olekra-
non, point of the elbow) 287

Pertaining to a process of the
ulna; the elbow.

OLFACTORIUS LATERALIS
NUCLEUS 427

OLFACTORY, olfak'tori (L. olere,

smell )
—

'

Capsules 116
Duct 449
Pits 157
Placodes 157
Recess 146

OLIVE OF SPINAL CORD .'424

OLMS (German name for the white,
blind, cave mud-puppies) 225MAS US, oma'sus (L. omasum,
paunch) 321

OMENTUM, oment'um (L. omentum,
a fold) 113^ 302, 322

OMNIVOROUS, omniv'orus (L. omnis,
all + voro, eat)

, 312
Eating both plant and animal food.

OMOSTERNUM, o'moster'num (G.
omos, shoulder + sternon, breast) . .277

OMPHALOMESENTERIC VEIN, 6m'-
falomes'enter'ic (G, omphalos, navel
+ mesenteron, mid-gut) J^S

OMPHALOMESENTERIC VS. VITEL-
LINE, vitel'in ( L, vitellus, yolk ) . . , 59
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OOCYTE, o'5sit (G. oon + hytos, cell) 19

OPAQUE, opak' (L. opacus, darkened)

Impervious to light 14

OPERCULAR TUBE, definition of . . . .162

OPERCULUM, oper'kulum (G. opercu-

Imn, a lid)—
Of tadpole 125, 162

OPHIDIA, ofid'ia (G. ojjMs, serpent

+ eidos, form) 230, 278

OPISTHOCOELOUS, opisthose'lus (G.

opisthe, behind + koilos, hollow),

definition of 258

OPISTHODELPHYS, opisthodel'fis (G.

opisthen, behind + delphis, dolphin. 392

OPISTHOMI, opistho'mi (G. opisthen,

behind + omos, shoulder) 221

OPIiSTHOTIC, op'isthot'ik (G. opisthe

+ ous, ear) 268

OPOSSUTVI, opos'um 2SS

OPOTERODONTS, opot'erodonts (G.

opoteros, either + odous, tooth) . . . .282

OPTIC CHIASMA (G. opsis, sight) . . .147

Lobes 88
Pedicle 454
Stalks 54
Vesicles 50

OPTOCOELE, op'tosel (G. opsis, sight

+ koilos, holloAv) 66
ORAL PLATE (L. os, mouth) 69, 161
ORANG-UTAK,, orang'otan ( Malay,

orang, man + utan, woods) 236
ORBICULARIS MUSCLES, orbik'u-

laris (L. orhis, an orb) 410
ORBITAL GLAND, or'bital (L. orhita,

circuit) 318
ORNIT HORHYNOHIDAE, or'nitho-

ring'kide (G. ornis, bird + rugxus,
beak) 233

ORNITHORHYNCHUS ANATINUS

.

. 232
OS CLOACAE, OS kloa'ka (L. cloaca,
a sewer ) 282

Entoglossum, entoglos'sum (G.
entos, witMn; glossa, tongue).. 316

OSSIFICATION, os'sifika'shun (L. os

+ fto, to become)—
Centers 93

08TARI0PHYSI, osta'riofi'si (G.
ostarion, a little bone + phusa,
bladder) 219

OSTEiOLEPIDA, osteolep'ida (G.
osteon + lepis, a scale) 218

OSTIUM OF OVIDUCT 16
Tubae ( L. tuha, a horn ) 400
Tubae abdominale 384

OSTRAGODERMI, os'trakoder'mi (G.

ostrakodermos, bony skin ) 222

OTOCYST, o'tosist (G. kystis, blad-

der) , definition of 157

OTOLITHS, otoliths (G. ous, ear +
lithos, stone), definition of 446

OVARIAL CORDS, ovar'ial (L.

ovarium, an ovary) 96

OVUM AS USED IN MAMISIALIAN
EMBRYOLOGY (G. oon, egg) 200

PACINIAN CORPUSCLE, pasin'ian

cor'pusl (L. corpusculus, a small

body) 4-4^

PADDLE FISHES 219
PAEDOGENESIS, pe'dogen'esis (G.

pais, child + genesis, descent) 224
PALAEENCEPHALON, pa'leensef'a-

lon (G. palaios, ancient + en, within

+ kephalos, head, i.e., primitive

brain ) 434
PALAEOSPONDYLIDAE, paleospondi'-

liday (G. palaios, ancient + spondu-
los, vertebra ) 222

PALAEOTHALAMUS, pa'leothal'amus

(G. palaios, ancient + thalamos, a
receptacle ) 429

PALAMEDEIDAE, pal'amede'ide (G.

palme, palm-webbing of foot) 295
PALATAL GLANDS, pal'atal (L. pala-

tum, palate) 318-

PALATE, palat (L. palatum, palate) .306

PALATINE, pal'aten (L. palatum,
palate) 192, 193

PALATO-QUADRATE, paPato'quaw-
drate (L. palatum + quadratus,
squared )

Where formed 192'

PALLIUM, pahl'eeum (L. cloak) .416, 426
PALUSTRIS, palus'tris (L. palus, a
swamp ) 277

PANCREAS, pan'kreeass (G. pan, all

-\- kreas, flesh), development of.... 165
PANDER, NUCLEUS OF 22
PANIZZA'S FORAMEN, definition of. 362
PAN-TROGLODYTES, pantrog'lodites

(G. pan, all + troglodytes, cave
dweller) 236

PAPILLARY LAYER, pap'illari (L.

papilla, a pimple) 665
PARA, par'ah (G. prefix, beside,

near)

.

PARA BRONCHI, pa'rabron'ki (G.
para, near -f hrongchos, windpipe) .342

PARACHORDAL PLATES, parakor'-
dal (G. para, near -f" chorde, a
cord) 115

PARACONE, pa'rakon (G. imra, near
+ konos, a- cone) 312

PARACORDAL (same as parachor-
dal) 190

PARAGLO'SSAE, paraglos'a (G. para,
near -\^ glossa, tongue) 316

PARAPHYSTS, paraff'eesis (G. para,
beside; phyo, produce) 147, 435

PARASPHENOID, parasfen'oid (G.

para, beside + sphen, wedge + eides,

like) 193^

PARAfERMINAL BODY, parater'mi-

nal (G. para, beside + terminus, the

end) 418
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PARATHYROID BODY, pruathi'roid

(G. para, beside + thyreos, a shield).320

PARENCHYMATOUS ORG-ANS, defi-

nition of 333

PARIETAL, pari'etal (L. paires, wall). 193

Foramina 436

Muscles 403

Organs 430
PAROVARIAL CANAL, par'ovar'ial

(G. para + L. ovarium, an ovary) . .392

PAROVARIIJiM (G. para + L- ova-

rium) -^7

PARS OPTICA, pahrs op'tika (L. pars,

part + opticus, pertaining to vision) .430

PARTURITION, pahr'turi'shun (L.

parturire, to be in labor) 196

PATELLA, pateirah (L. a small pan
or dish) 286

PATTERSON 41

PATTON 214
PAUNCH, paneh (L. pantex, belly).. 321

PECTEN, pek'ten (L. comb) Jk52

PECTINEAL, pek'tinee'al (L. peoten,

comb) 277
Process 281

PECTINEUS, pektine'us (L. pecten,

coiub ) 406
PECTORAL, pek'toeral (L. pectoralis,

referring to the chest) 107
Girdles 275, 277

PECTORALIS, pektoeraPis (same as
pectoral ) 406

PEDICLE, OPTIC, ped'ikle (L. pedicu-
ius) 454

PEDICULATI, pedrcula'tl (L. j^edicu-
lus, a little foot ) 221

PEDUNCLE, pedting'kle (L. peduncu-
lus, a small foot)

Anterior 437
Cerebellar 88
Cerebral 88, 417, 421

PELVIS, pel'vis (L. pelvis, basin, the
pelvis

) 277
PELVIC GIRDLE 281

PENETRATION PATH, definition of. 127
PENIS, pee'nis (L. male copulatory

organ) 396
PENTADACTYL, pen'tadaK'til (G.

pente, five + daktylos, finger) 222
PERCE80CES, perses'osez (G. perke,

perch + esox, a kind of pike) 219
PERENNIBRANGHII, peren'nibrang'-

kei (L. per + annus + G. hrangchia,
gills) 225

PERENNIBRANCHS, peren'nibranks
(L. per + annus + G. hrangchia) . .336

PERIBLAST, per'iblast (G. peri,

around + hlastos, a bud), definition

of 23

PERICARDIAL CAVITY, per'ekar'-

deal { G. peri, around + kardia,

heart) 46

Region 112

PEiRICARDIUM, pere'kar'deum 105

PERICHONDRIUM, perikon'dreum (G.

peri, around + chondros, cartilage) .257

PERIDERM, per'iderm (G. peri -f-

derma, skin) 242
PERIDURAL, peridur'al (G. peri,

around + L. dura, hard), definition

of 416
PERILYMPH, per'ilymph (G. peri,

around + L. lympha, water
)

, defini-

tion of 446
PERIMYSIUM, perimys'ium (G. peri,

around + mys, muscle) 405
PERINEAL FOLD, per'ine'al (G.

perinaion, region between anus and
scrotum) 332

PERISSODACTYLA, perisodak'tila (G.

perissodaktulos , more than regular
number of fingers or toes) 238

PERITONEAL, perr'itoenee'al (G. peri,

around; teino, stretch) 112
PERITONEUM, perr'itoenee'um. (See

above) 303
PERIVITELLINB SPACE, peri'viteF-

in (G. peri -f vitellus, yolk) 127
PERONEAL ARTERY, perone'al (G.

perone, pin of a brooch, referring to

the fibula) 368
PES, pez (L. pes, foot) 284
PETER 450

PETROGALE XANTHOPUS, petrog'ale
(G. petra, rock + gale, a weasel) ..233

PETROMYZON MARINUS, petro'mi-
zon marenus (G. petros + myzein,
suck) 217

PETROMYZONTIA, petromizon'tia. . . .217
PETROSAL, petrow'sal (L. petrosus,

rocky) 272
PHAEOCHROME CELLS, fe'okrom (G.

phaeos, dusky + chroma, color),

definition of 398
Tissues, definition of 186

PHALANGES, faylan'gees (G. phaUnx,
battle-line) 284

PHANEROGLOSSA, fan'eroglos'a (G.

phaneros + L. glossa, tongue) 227

PHARYNGEAL POUCHES, definitions

of 304
Pockets 305
Teeth 309

PHARYNX, far'inks (G. pharynx, the

throat) 304
PHASC0LARCTU8, faskolark'tos (G.

phuskolos, a. leather bag -\- arktos,

bear) 324
PHILTRUM, fil'trum (G. philltron, a

love charm) 307
PHORONIDIA, for'onid'ea (G. Phoro-

neus, name of King of Argos) 216

PHOTOPHORES, fo'tofors (G. p/(05,

light + pherein, to bear) 244
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PHRENIC NERVE, fren'ik (G. phren,
diaphragm

) 33I
PHYSETER MACROCEPHALUS, fise'-

ter (G. physeter, a blow-pipe) 238
PHYS08T0MI, fisos'tomi (G. physa,

bladder + stoma, mouth) 337, 400
PIA MATER, pe'amater (L. ^ta mater,

kind mother ) 416
PIGEON SKELETON! 279
PIGMENT LAYER OF EYE 155

PINEAL ( L. pinea, pine cone
) ,

gland

or epiphysis 66, ^30

PIPA AMERICANA, pipa amer'ika'na.g26'

PISCES, piss'ees (L. fish) 217

PISIFORM BONE, pi'siform (L. jnsum,

pea
;
forma, shape) 279

PITS, AUDITORY 56

PITUITARY BODY, pitu'itayree (L.

pituita, mucus ) 66

PLACENTA, plasen'ta (L. placenta,

cake) 202

Embryonic maternal 205

Foetal 207

Function of 203

PLACENTAL ANIMALS 202, 234

PLACODES, AUDITORY, plak'ods (G.

plax, a plate 56, 150

PLACOID, plak'oid (G. plax, plate) . .252

PLAGIOSTOMI, plajios'tomi (G.

plagios, oblique; stome, mouth) ... .218

PLANTIGRADE, plan'tigrade (L.

planta, sole; gradus, walk) 289

PLASTRON, plas'tron (F. plastron, a

breast plate) 278, 295

PLATEMY8 259
PLAT0PHRY8 LUNATU8, plat'ofris

(G. platys, flat + ophris, brow) 221
PLATYRRHINE, plat'irin (G. platys,

flat + rhis, nose) 235
PLATYSMA MYOIDES, platis'ma (G.

platysma, a flat piece) 410
PLECTOGNATHI, plektog'nathi (G.

plektos, plaited + gnathos, jaw)..,. 221
PLE8I08AURS, ple'siosars (G. plesios,

near + sauros, lizard) 227
PLEURAL REGION 112
PLEURODIRA, plorodi'ra (G. pleura,

a side + deire, the neck ) 228
PLEURODONT, plu'rodont (G. pleura
+ odontos, a tooth ) 309

PLEXUS, pleks'us (L. interweaving)
Choroid, kor'oid (G. chorion, skin
+ eidos, resemblance) 88, llfl

PLICA SEMILUNARIS, plik'a semilu-
naris (L. plica, a fold + semilunaris,
half-moon shaped) 454

PLICAE—
Fimbriatae (L. fimhriatus, fringed)

317PLUMAE, plum'ay (L. pluma, a
feather

) 246

PLUMULAE, plew'miulee (L. little
feather), definition of. . . 246

PNEUMOGASTRIC, numogas'trik" "(g!

pneuma + L. gaster, stomach) 464
PODIUM, po'deum (G. pous, foot),

definition of 284
POISON FANG .309
POLLACK 159
POLLEX, pol'leks (L. pollex, thumb) .286

POLYDON SPATHULA 219

POLYPTERUS, polip'terus (G. polys,

many; pteron, wing) 218, 219

POLYSPERMY IN FOWLS, pol'-

ispermy 20

PONS, ponz (L. bridge), definition of.

88, 417, 437

PONS VAROLII, pons' varo'lei (L.

pons Varolii, bridge of Varolius) ...^1
PONTAL BRAIN FLEXURE, pon'tl

( L. pons, a bridge ) 415

POPLITEAL ARTERY, pop'lite'al (L.

poples. the ham) 368

PORCUPINE FISH 221

PORTAL SYSTEM, por'tal (L. porta,

gate) 314
POST-ANAL GUT, post'anal (L. post

+ anus, vent) 166

Branchial bodies (G. hrangchia,

gills) 164, 320
Caval, kavl (L, cavus, hollow) . . .

Same as vena cava inferior.

Optic commissure 436
Otic, otik (G. ous, ear) 314
Trematic nerves, tremat'ik (G.

trema, a hole) 460
POUCHES, GILL, definition of 74

Visceral, vis'eral (L. viscus, an in-

ternal organ), definition of.... 74
PRECHORDAL, pre'kor'dl (L. prae,

before + G. chorde, a cord) 50
PREHENSILE, pre'hen'sil (L. prae-

hendere, to grasp) . . . . , . 235
PREMOLAR TEETH, pre'mol'r (L.

prae + mola, a hill ) 310
PRE-ORAL GUT, pre'or'al (L. prae +

OS, mouth) 69
PRETREMATIC NERVES, pre'tre-

mat'ik (L. prae + G. trema, a hole).460
PRIMARY CORTEX—

Vesicles 54
PRIIVIATE, pri'mate (L. prinrns, first).234
PRIMITIVE (L. primus, first)—

Groove, definition of 31, 142
Gut 33
Pit 31

PROAMNION, pro'am'neon (G. pro,
before; amnion, a vessel for receiving
blood) , definition of 33

PROATLAS, pro'atlas (G. pro + Atlas,
of Greek mythology), definition of. .260

PR0B08CIDEA, pro'bosid'ea (G. pro
+ hoscein, to graze) 238
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PRO-CHORDATE, pro'kor'dat (G. pro
-\- chorda, a cord), definition of.... 214

PROCOELOUS, pro'selous G. pro, be-

fore; koilos, hollow), definition of . .259

PR0JECTI0N1 FIBERS (L. proioere,

to throw forward, project), defini-

tion of 427
PRONEPHRIC CAPSULE, pro'nef'rik

(G. pro -\- nephros, kidney), defini-

tion of 182
Chamber 182
Duot .181

PRONEPHROS, pronef'ros (G. pro +
nephros) 80

PRO-NUCLEUS, pronuc'leus (G. pro,

primary + nucleus, kernel
)

, defini-

tion of

Otic ( G. ous, ear ) 191

PROSENCEPHALON, pros'ensef'alon

(G. pro + en, within + kephalos,

head) 48

PROSOCOELE, pro'sosel ( G. pros, near

+ koilos, hollow), definition of 66

prostate; gland, pross'tayte (G.

prostates, in the front rank) 395

PROTEIDAE, prote'ide (G. Proteus, a

sea-god + eidos, shape) 225

PROTEUS ANGUINEUS, prot'eus (G.

Proteus, a sea-god) 226

PROTOCONE, pro'tokon (G. protos,

first + konos, a cone), definition ol.312

PR0T0PTERU8, pro'top'terus (G.

protos, first; pteron, wing) 222

PROTOTH E RIA, pro'tother'ia ( G.

protos, first; ther, a wild beast. 232, 446
PROTRACTOR, pro'trak'tor (L. pro,

before; tractus, drawn out), defini-

tion of 315, 406
PROVENTRICULUS, proh'ventrick'-

yulus, (L. pro, before -+- venter,

belly) , definition of 321
PROVIVERRA, provive'ra 310

PSALTERIUM, solte'rium (L. psalte-

rium., a psalter), definition of 321
PSEUDOBRANCHS, sti'dobranks (G.

pseudes, false; hrangohia, gills) ... .336
P 8EUD0BR ANCHUS STRIATUM,

stria'tus (L. striatus, striped) „ 226
PSEUDOTHYROID BODY, su'dothi'-

roid, definition of 164
PTERORRANCHIATA, tero'brankia'ta

(G. pteron, w'mg -f hrangchia, gills).216
PTEROSAURS, ter'osors (G. pteron,

wing + saurus, lizard) 227
PTEROTIC, tero'tik (G. pteron, wing
+ ous, ear) 272

PTERYGOID, ter'igoid (G. pteryx,
wing + eidos, resemblance) ... .192, 268

PTERYGOIDEUS MUSCLES, ter'-
igoid'eus (G. pteryx + eidos) 409

PTERYGOPODIAL GLANDS, ter'igo-
po'deal (G. pteryx + pons, foot) . . .244

PTERYGOQUADRATE, ter'igoquahd'-
rat (G. pteryx + L. quadratus,
squared

) 266
PTERYLA, ter'ila (G. pteron, feather;

yle, a wood ) 247
PUBIS, pu'his (L. puhes, mature)—

Homologue of 280
PUBOFEMORALIS, pubofemoral'Is ... 407

PUPIL, pewpil (L. pupilla, the pupil
of the eye

) , definition of 453
PYGAL, pi'gal (G. pyge, rump) 278

PYLORIC CAECA, pilor'ik se'ka (G.
pyloros, a gate-keeper; L. caecum,
blind) 323

PYLORUS, pyeloh'rus (G. pyloros,

gate keeper) ...323
PYRAMIDS (L. pyramis, a pyramid),

in spinal cord, definition of 421

QUADRATOJUGAL, quadra'tojug'al

(L. quadratus + jugum, yoke),

where found 191

QUINCUNX, kwin'kungks (L. quinque,

five -\- unda, twelfth part), defini-

tion of 248

RABBIT, rab'et (Fr. dial, rahotte,

rabbit )
—

Brain of 44^
Cross section of 409
Dissection of 331
Muscles of 408
Skeleton of 279
Urogenital organs of 396

RADIALE, ra'dia'le (L. radius, ray) . .275

RADIATION 429

RADICES AORTAE 362

RADIUS, ra'dius (L. radius, ray) 279

RADIX, rad'iks or ra'diks (L, radix,

root) 367
RATA ERINACEA, ra'a (L. raira, a

ray) , 218
RAMUS COMMUNrCANS, ray'mus (L.

a branch) 89
RANA ESCULENTA, ra'na (L. rana,

frog) .147
Fusca 127
Sylvatica 159

RANA TEMPORARIA 125
Virescens 159

RANIDAE, ran'ide (L. rana, frog -f^
idae) 227

RAPHE, ray'fee (G. seam) 63
RASORES, raso'rez (L. rasor, a scra-

per) 246
RATITAE, rati'te (L. ratitus, marked

with the figure of a raft) 232
Flightless birds.

RATHKE'S POCKET 66
RATTLESNAKE'S BITING MECH-
ANISM 309
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RECEPTACULUM, reseptak'iilum (L.

recipere, to receive)—
Chvli 316

RECESSUS MAMMILLARIS .Ji20

Opticus 88

RECURRENT NERVE, lekur'ent (L.

re, back + currere, to run 463

RED GLAND S37

REESE 39, 76

REFLEX, re'fleks (L. refleetere, to

turn back)

—

Arcs 423
Centers 429

REIL. ISLAND OF, definition of 420

REISSNER'S MEMBRANE U5
REMORA BRAGEYPTERA 221

RENAL COLLAR, ree'nal (L. renes,

kidneys) S10

Portal system 374
REPTILE, rep'til (L. repere, to crawl)

Brain of 440
Skull of 210

REPTILIA, reptiireeali (L. reptilus,

reptile, from repo, creep ) 221

RESPIRATORY DUCT 449
RETE MIRABILE, ree'tee ( L. intricate

net) 337
RETICULAR LAYER, retik'ular (L.

same as reticulate) 241
RETIiCULUTM, retik'ulum (L. a small

net )

Of stomach 321

RETINA, ret'inali (L. rete, net) 451

RETRACTILE, retrak'til (L. retractus,

withdrawn) 316
RETRACTOR, retrak'tor (L. retrahere,

to draw back) 315, 406
Bulbi 405

RETROLINGUAL GLAND, ret'roling'-

gwal (L. retro, backward + lingua,

tongue) 318
REVEHENT, reve'hent or rev'ehent

(L. revehens, carrying back) 177
Veins 375

REVERSION, rever'shun (L. re +
vertere, to turn) 251

RHABDOPLEURA, rabdoplu'ra (G.

rhabdos + pleuron, a rib) 122
RH AGOPHORU S, rakof'orus ( G.

rhakos, a rag + pherein, to bear) . .226

RHINE NCEPHALON, ri'nensefalon

(G. rhis, nose + engkephalon,
brain) 426

RHINOCEROTOIDEA, rinos'erotoi'dea

(G. rhinokeros, nose, horned) 238

RHOMBENCEPHALON, romb'ensef-

alon (G. rhomhus, magic wheel +
engkephalon, brain) 48

RHOMBOID, rom'boid (G. rhombus +
eidos, like) 51, 253

RIDGE, DENTAL 308

Friction 255

RODEXTIA, ro'den'shia (L. rodens,

gnawing) 234

RODS AND CONES , 155, 452
RtJCKERT Jf2

RUDi:\IENTARY STRUCTURE . ... 11, 12

RUGAE, ru'je (L. ruga, a wrinkle) . . .315

RUMEN, room'en (L. rumen, the

throat) 321, 322
The first cavity of a ruminant's

stomach.
RUMINANT I A, room'inantia (L.

rumen, the throat) 237

SACCULUS, sak'yulus (L. little sac) .446

SACCUS VASCULOSUS, sak'us (L.

saccus, a sac) 420
SACRAL, say'cral (L. sacer, sacred),

definition of 260
SALAMANDRA, salaman'dra (L. sal-

amondra, salamandria)
Atra, atra (L. black) 225
Maculosa, makulosa (L. spotted) .225

8ALAMANDRIDAE, definition of 224

SALIVARY GLANDS, sal'ivary (L.

saliva, spit) , definition of 317, 318
8ALM0 FARIO, sal'mo (L. salmon) . .220

The Brook Trout.
SALMON, sam'un (L. salire, to leap) .220
SALPIANS, sal'pianz (N. L. salpa, a

kind of stock fish), definition of . . . .215
SANTORINI, DUCT OF (named after

the Venetian anatomist, Santorini),
definition of 327

SAPAJOU, sap'aju (F. sapajou, word
of Tubi origin) 235

8AURIA, so'ria (G. sauros, lizard),
definition of 229

8AUR0PSIDA, sahropp'sidah ( G.
sauros, lizard; opsis, appearance),
definition of 214, 239

SAW-FISHES, sa fish'es (M. E. saghe,

a saw) 218

SCALA MEDIA, skala media (L. scala,

ladder + medium, middle) 445
Definition of 447
Tympani, definition of 447
Vestibuli. definition of 447

8CAL0PS AQUATICU8, ska'lops (G.

skalops, a mole) 234
SCAPHOID, skaf'oid (G. skaphe, boat

+ eidos, form) 285

SCAPULA, skap'yulah (L. shoulder

blade) 219

8GHIZ00ARDIUM BRAZ ILIEN8E,
ski'zokar'dium (G. schiz&in, to cleave

+ kardia, heart) 122

SCIATIC ARTERY, sighat'ik (L.

sciaticus, originally ischiadicus, from

G. ischion, hip) 368

SCLERA, OF EYE, sklay'rah (G.

skleros, hard) 451
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SCLEROTIC BONIES OF EYE, skle-

rot'ik (G. skleros, hard) 453

Coat 263
SCLEROTOME! skle'rolitome (G.

skleros, hard; tome, cutting) 37

SCREAMERS, skre'mers (Sw. skria,

cry aloud) 295
SCRbTUM, scro'tum (L. uncertain

origin) , definition of 394
SCUTE, skiut (L. scutum, shield),

definition of 252
SEA-COW 237
SEA-HORSE 220

SEA-SQUIRTS, definition of 215

SEBACEOUS GLANDS, seba'shus (L.

sehwm, tallow), definition of 249

SECODONT, sek'odont (L. secare, to

cut + G. odous, tooth) 310
SEESSEL'S POCKET, definition of . . . 69

SEGMENTAL APPARATUS, segmen'-
tal apara'tus (L. segmentum, a seg-

ment + apparatus , an apparatus
)

,

definition of 426
SEGMENTAL DUCT, definition of. . . .181

Plate, definition of 145
Zones, definition of 34

SEGLIENTATION, seg'mentashun (L.

segmentum, a segment)—
Cavity, definition of 24

SELACHII, sela'kei (G. selachos, a

cartilaginous fish), definition of.... 218

SELENODONT, sele'nodont (G. selene,

moon + odous, tooth) 310

SELLA TURCICA, sel'a. tur'sika (L.

sella, a seat + turcicus, Turkish;

also called fossa hypophyseos ) 263

SEMICIRCULAR CANALS, sem'iser'-

kular (L. semi, half + chreulus, cir-

cle) , definition of 446

SEMILUNAR GANGLION, semilu'nar

gang'glion (L. semi, half + lima,

moon). (See trigeminal ganglion) . .462

SEMILUNAR VALVES, semm'iliu'nar
( L. semi, half ; lutia, moon

) , defini-

tion of 117
SEMINAL VESICLE 395

SEMINIFEROUS TUBULE, semm'i-
niff'erous (L. semen, seed; fero, to
bear) , definition of 96

SEPTUM, sepp'tum (L. fence, wall)—
Interbranchial 334
Oblique 332
Pellucidum 1^18

Transversum, definition of 332

SEROUS GLANDS, se'rus gland (L.
serum, serum + glans, an acorn),
definition of 318

S E R RAN U S, sera'nus ( L. serra, a
saw) 400

SERRATUS, sera'tus (L. serra, saw) .406

SERTOLI—
Foot or sustentacular cells of. 96, 387
(See also testes.)

SESAMOID BONES, sess'amoid (G.

sesamon, a plant), referring to the

shape of seeds ) 405

SEYMOURIA . 270

SHANK, shangk {A. S. scanca, bone

of leg) , definition of 283

SHARK-SUCKER 221

SHELL-GLANDS, shel glands (A. S.

scJiell, shell + L. glans, an acorn) . .392

SHREW, shru (A. S. screica, a wicked

person, a shrew-mouse) 234

SIGMOID FLEXURE, sig'moid flek-

sliur (G. E. Sigma + eidos, shape

+ L. flexus, the bending) 324

SILUROIDS, silu'roids (G. silouros,

a river fish) 337

SIMIA SATYRUS, sim'ia (L. simia,

an ape) ^^^

SIMPLEX UTERUS, sim'pleks (L.

simplex, simple) . definition of 395

SINUS, sigh'nus (L. sinus, curve)—
Rhomboid, definition of 51

Terminalis, definition of 43

Venosus ^

'

SINUSOID, sin'usoid (L. simis, curve

+ eidos, shape ) 371

SIREN LACERTINA 225

SIRENIA, sire'nia (L. siren, a siren

or mermaid) , definition of 238

SIRENIDAE 226

SKATES, skats (probably L. squatus,

a kind of shark) 217, 218

SKELETOGENOUS SHEATH, skelF-

etoj'eenou& (G. skeleton, from skello,

make dry )
188

SOLAR PLEXUS, soh'lar (L. sol, the

sun; plexus, interweaving), definition

of 457

SOMITE, soh'might (G. soma, body),

metameric, definition of 36

SOREX VULGARIS, sor'eks (G. hyrax,

a shrew-mouse ) 23Jf

SPELERPES FUSCUS, speler'pez fus'-

kus (G. spelaion, a cave + hevpein,

creep) 314

SPERJMATIiC, spermat'ik (G. sperma,
sperm )

.

Artery 369

SPER]\L\TOPHiORES, sper'matofors

(G. sperma, seed + pherein, to bear),

definition of 401

SPHARGIS COREACEA, sfar'jis kor'-

lasea 228

SPHENODON PUNCTATUM, sfee'noh-

don (G. sphen, wedge; odous, tooth ).S27

SPHENOID, sfee'noid (G. sphen,

wedge ) 270
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SPHINiCTER MUSCLES, sfing'kter (G.
sphinggein, to bind tightly) 339

Definition of 405
SPINAL COKD, spi'nal kord (L. ^pina
+ G. chorde, a cord)—

Cord, cross section of 456
SPINA SCAPULAE, spe'na skapule (L.

spina, spine + scapula, shoulder-

blade) 280
SPINE, spin (L. spina, spine) 258

SPIRACLE, spear'ahkel (or spire'ah-

kel), (L. spiraculum, air hole)—
Of fishes 342

Of tadpoles 125

SPIRACULUM, spi'rak'uliim (L. spi-

raculum, an air hole), definition of. 305

SPIRAL VALVES, spi'ral valvs (L.

spira, a coil + vaUa, a fold), defi-

nition of 330

SPLEEN, splen (G. splen, spleen), de-

velopment of 18^

SPLENIAL, splee'neeal (G. splen,

spleen) . . .273

SQV ALU S ACANTHIAS, skwa'lus

a'kanthi'as (L. squalus, a kind of

sea-fish) 218

SQUAMOSALS 194

STAPES, stay'peez (L. stirrup) . .292, U6
STEGO CEPHALA , steg'ohseff'ahlah

(G. stego, cover; kephale, head).222, 210

STENISON—
Duct of 318

Gland of, definition of 451

STENOPS, sten'ops (G. stenos, narrow

+ opsis, to look) 317

STERNEBRA, stir'nebrah (G. sternon

+ L. vertebra, joint) 277

STERN OCLEIDOMASTOID, ster'no

(G. sternon, breast-plate + kleis, key

+ mastos, mastoid -|- eidos, resem-

blance) 406
Also Sternomastoid.

STERNOTHAERUS NIGRICANS, ster-

nothe'rus (G. sternon + thairos,

hinge of a door ) 295
STRATUM, stray'tum (L. a spread or

cover ) 241
STREAMING OF PROTOPLASM 128
STURGEONS, ster'jons (F. esturgeon,

a sturgeon) 218, 219
STYLO-HYAL, sti'lo'hi'al (G. stylos,

column + hyoides, Y-shaped) 314
STYLOID PROCESS, stiPoid (G.

stylos, pillar + eidos, resemblance),
definition of 314

SUBARACHNOID, subarak'noid (L.

suh, under; G. aracJvne, spider; eidos,

resemblance) 416
SUBCEPHALIC POCKET, definition

of 42
SUBDURAL, subdti'ral (L. sul, under;

durus, hard) 416

SUBINTESTINAL VEINS, subintes'-
ti'nal (L. suh, under -j- intestiwas,
internal

) 370
SUBLINGUA, sublin'gua (L. suh, un-

der + lingua, tongue) 317

SUBMANDIBULAR GLAND, subman-
dib'tilar (L, suh, under -f mmidih-
ula, a jaw) 318

SUBSTANTIA ALBA, substan'sia al'ba

(L. substantia, substance + alba,

white) , definition of 423
Grisea, definition of 423
Propria 90

SUBTHALAMUS, subtha'lamus (L.

sub, under + G. thalamus, bridal

chamber) , definition of 429

SUBUNGUIS, subung'gwis (L. suh,

under -f- unguis, nail), definition of. 243

SUBZONAL LAYER, siibzo'nal (L.

sub, under + :sona, belt), definition

of 197

SUCKERS, OF TADPOLE, suk'ers (A.

S. sucan, to suck) 124

SUCTORIAL, sukto'rial (see Suctoria)305

SUIDAE, sii'ide (L. sus, swine + idae,

like) , definition of 236

SUINA, sui'na (L. sus, swine), defini-

tion of 237

SULCI, stil'isi (L. sulcus, furrow)—
Of brain 419

Lateral limiting, definition of.... 62

SULCUS, sulPkuss (L. a furrow or

groove ) 306
SULZE (jelly) 208

SUPRAORBITAL LINE, su'praor'bital

(L. supra, above + orbis, a circle) . .158

SUPRA-PERICARDIAL BODIES, sti-

praperikar'dial (L. supra, above +
G. perl, around + G. kardia, heart)

,

definition of 164
SUPRA-RENAL, supra-re'nal ( L.

supra, above -f- renes, kidneys), defi-

nition of 398
(See also adrenal, epinephric.)

SUPRAROSTRAL CARTILAGES, su-

praros'tral (L. supra, above + ros-

trum, beak ) 189
SUPRASEGMENTAL APPARATUS,

suprasegmen'tal (L. supra, above +
segmentum, segment), definition of. .426

SUPRATEMPORAL LINE, supratem'-
poral (L. supra, above + tempus,
time) 160

SURANGULARE, surang'uMre (L.

supra, above + angulus, an angle) . .268

SURINAM TOAD, suri'nam (South
American name) 226

SWAN, CIRCULATION IN, swan
( Ger. schwan) 361

SWEAT GLANDS, swet (A. S. swat),
definition of 249
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SYLVIUS—
Aqueduct of, definition oi 87, 421
Fissure of 418

SYMBRANCHII, simbrang'kii (G.

syn + hrangchia) 219
SYMPATHETIO CHAIN, simpathefik

(G. syn, with + pathos, feeling)—
Ganglia 90
Nervous system 154

SYMPHYSIS, simm'feesis (G. union).27

3

SYNOTIC TECTUM, synot'ik (G. syn,

together, ous, ear
)

, definition of ... . 263

SYNSACRUM, sinsa'krum (G. syn,

with + L. sacrum, holy ) 282

SYRINX, sir'inks (G. pipe), definition

of 340
SYSTEMIC ARCH 107

TADPOLE, tad'pol (M. E. tade, toad

+ polle, head) 123

TALON, ta'lon (L. talus, ankle) 312
TALUS, ta'lus (L. talus, a.nkle) 285
TAMANDUA TETRADAGTYLE, ta-

man'dua (native name for four-toed

ant-hear) 235
TAPIRIDAE, tapir'ide (native name) .238

Family of tapirs.

TAREN TOLA, taren'tola ( native
name) 231
Mauritanica—
A genus of Geckones.

TARPON, tar'pon (native name) 220
TARSAL, tar'sal (G. tarsos, a flat sur-

face )
—

Glands 249
TARSUS, tar'sus (G. tarsos, sole of

the foot) 284
TASTE BUDS 317

TECTUM SYNOTICUM, tel^'tum (L.
tego, to cover) 263, 115

TEETH ALVEOLI, teth (A. S. toth, a
tooth

) , definition of 309
Classification of 308, 313
Development of 307
Egg 313
Of fishes 307
Names according to usage and

shape 310
Pharyngeal 309

TEGMEN CRANII, teg'men 263
TEGMENTUM, tegmen'tum (L. tego,

to cover) 423
TELAE CHOROIDEAE, te'le 438
TELEOSTEI, tell'eeos^ee'eye (G-

teleos, whole, perfect, osteon, bone) .219
TELEOSTOMI, tell'eeoss'toemy (G.

teleos, perfect; stoma, mouth) 218
TELEOCOELE, te'losel 87

The vesicle in the Telencephalon.
TELOLEGITHAL, tell'ohless'ithal (G.

telos, end; lekithos, yolk) 126

TEMNQSPONDYLOUS, tem'nospon'-
dilus (G. temnein, to cut; sphondy-
los, a vertebra) 259
With vertebrae not fused, but in

articulated pieces.

TEMPORAL, tem'pohral (L. tempus,
temple) 273, 419

Pertaining to, or in the region of
the temples.

TENACULUM, tenak'ultim (L. tenaco,
holding) 454

In teleosts, a, fibrous band extend-
ing from eyeball to skull.

TENTORIUM, tentoh'reeum (L. tendo,
to stretch) 415

TERES, tee'reez (L. round)—
Ligament 373

TERRESTRIAL VERTEBRATES,
teres'trial (L. terra, earth) 239

Vertebrates living on the ground
as opposed to aerial, aquatic.

TESTE.S, tess'teez (L. testis)—
Paired male reproductive organs

producing spermatozoa.
Descent of

ggjf
TE8TUDINIDAE, testtidin'ide (N.'l.

testudo, tortoise ) 228
TESTUDO ELEPHANTOPUS 296

Ibera 295
TETRAPODA, tetrap'oda (G. tetra,

four -f pons, foot) 239

THALAMUS, thalamus (L. chamber)
147, 417, 427

TEAMAGEA, thalia'sea (G. thaliea,

blooming) 215
Free swimming Urochordata, with-

out tail in adult.

Example

—

Salpians.
THECODONT, thee'kohdont (G. theke,

sheath; odous, tooth), definition of. .309
THEGOPHORA, theko'fora (G. theke,

sheath
;
pherein, to bear ) 228

THORACIC, thohras'ik (L. thoraoc,
thorax)

—

Duct 376
THYMUS, thy'mus (G. thymon,
thyme) 329

Development of 163
THYROHYALS, thirohialz (G. thyra,

door + hyoeides, Y-shaped) 314
The greater cornua of the hyoid

bone.

THYROID (or THYREOID), thy'roid,-
thy'reeoid (G. thyreos, shield) 319

Cartilages 339
Development of 164

TIBIA, tibb'eeah (L. tibia, the shin
bone) 279

TONGUE, tung (A. S. tunge, tongue) .

Development of 164
TONSIL, ton'sil (L. tonsilla, tonsil)

*!

307, 315
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TOOTH OF RATTLESNAKE 309

TOPOGRAPHICAL, topografikal (G.

topJios, place + graphein, write) .... 42

TORPEDOES 218

TORSION, tor'sliun (L. torquere, to

twist) 56

TORUS TRANSVERSUS, to'rus (L.

torus, a swelling) 147

TRABEC'ULAE, trabek'yulee (L. little

beam )
—

<

Carnae 10'6, 117

Cranii 116

TRACHEAE, tra'ke e ( G. trachys,

rough ) 'yi

TRaGER 199

TRANSITIONAL CELLS, tranzisli'dnal

(L. transire, to go across) .133

TRAPEZIUS, trapee'zeeus (G. trapeza,

table) 406
TRAPEZOID, tra'pezoid (G. trapeza,

table) 285

TRICONODON^T, tricon'odont (L. tres,

three + conus, a cone + G. odontos,

a tooth) 312
TRICUSPID VALVES, trykus'pid (L.

tres, three; cuspis, point) 380
TRIGEMINAL GANGLION, trijem'i-

nal (L. trigeminus) 151

TRIGODONT, trig'o dont (L. tres +
odontos, a tooth ) 312

TRIGONTJM LEMNISCI, trigo'num (L.

trigonum, a triangle) 417-424
TRIONYX GANGETIGUS, tri'oniks

(L. tres, three + onyx, a nail) 250
TRIONYX HURUM (see above), (L.

tres + G. onyx) 259
TRIQUETRUM, trikwet'rum (L.

triquetrus, three-cornered) 285
The cuneiform carpal bone; a

Wormian bone.

TRIRADIAL, trira'dial (L. tres, three;
radius, a ray) 255

TRITON CRISTATUS, tri'ton crista-

tus (G. Triton, a sea god) 160, 22
J^TROCHANTER, trohkan'ter (G.

trochos, wheel) 279, 287
TROPHECTODERM 205
TROPHOBLAST, trofoblast (G.

trophe, nourishment + Mastos, bud). 198
T RO P H D E R M, trofoderm ( G.

trophe, n oai r i s h m e n t + derma,
skin) 201, 205

TRUNCUS ARTERIOSUS, trunk'us

arter'io'sus (L. truncus, a stock) . . .171

TUBER CINEREUM, tiu'bur (L. a
swelling) 430

TUBERCULUM POSTERIUS, tiuburr'-

kiulum (L. tubercuJum, a little

swelling) 88, 146

Impar 315

TUBEROSITIES OF TEETH 311

TUBO-TYMPANIC CAVITY 162

TUNIC, tti'nik (L. tunica, a coating) .328

TUNICA OF EYE. (See tunioata) 451

TUNICATA, tiu'nikay'tah (L. tunica,

tunic) 119, 215

Fixed forms of Urochordata with-

out tail in adult. Ebcample—sea

squirt.

TURBIiNAL, turr'binal (L. turbo, any-

thing that whirls ) -^-^7

TURBINATE!, tur'binat (L. turbo, a
whirl) 272

TURTLE 227
Skull of 268
Urogenital system of 4^1

TYMPANOHY^AL, tim'panohial (G.

tympanon, a drum -|- hyoeides,

Y^-shaped) 314
TYMPANUM, tim'panum (G. tymp-

non, a drum)
Of bird trachea 340

TYPHLOMOLGE RATHBUNI, tiflo-

mol'je (N. L. A. genus of tailed

amphibia) 226

ULNA, ull'nah (L. ulna, elbow) 280

ULTIMOBRANCHIAL BODIES, defini-

tion of 164
UMBILICAL GROOVE OF FEATHER,

umbiirikel (L. umbilicus, navel) . . . .247

UMBILICUS, umbili'cus (L. navel).. 208

UNCINATE: PROCE'SS, unn'seenate
( L. uncus, hook ) 295

UNCINATUS GYRUS J,20

UNGUWULATA, unggwikula'ta (L.

unguiculus, a nail) 234
Clawed Mammals.

UNGUIS, ting'wis (L. unguis, claw),
definition of 243

UNGULATA, ung'gtila'ta (L. ungula,
hoof) 236
Mammals with hoofs.

UNGULIGRADE, unngiu'ligrade (L.

ungula, hoof; gradus, walk), defini-

tion of 290

UNISERIAL, u'nise'rial (L. unus, one
-h series, rank) , definition of 283

URACHUS, u'rakus (G. ouron, urine

+ echein, to hold) 205
URETER,, yuree'ter (G. ouron, urine)

94, 386
URETHRA, yuree'thrah (G. ouron,

urine) 387
The canal from the bladder

through which urine is discharged.

UROCHORDATA, urokorda'ta (G.

oura, tail -j- chorde, cord) 215

The gi-oup of pro-vertebrates in

which the notochord is confined to

the caudal region.
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TJROCYST, u'rosist (G. ouron, urine

+ kystis, a hollow), definition of.. 386
UBODELA, yu'rowdee'lah (G. oura,

tail; delos, evident) 223
Amphibians with persistent tails.

UROGENITAL PLEXUS, urojen'ital

(G. ouron, urine; L. genitalis, geni-

tal)

Sinus 205, 400
Systems S88, 391

UEOHYAL, urohi'al (G. oura, tail +
hyoeides, Y-shaped), definition of... 316

UROPYGIAL GLAND, uropij'ial (G.

oura, tail
;
pyge, rump) 246

URSUS ARCTUS, ur'sus arktus (L.

ursus, a bear) 310

UTERUS, yu'terus (L. uterus, womb).394
Masculinus 395

UTRICULUS, yutrik'yulus (L. a little

bag) U5, 446

VALVE, valv (L. valva, fold)

Bicuspid, definition of 362

Mitral, definition of 362

Spiral, definition of 330

VALVES—
Of heart, how formed 354
Tricuspid 380

VALVULA CEREBELLI, val'vula (L.

valvula, a small fold) 4^5

VARANUS 3.63

Salvator 230

VAS DEFERE,NS^ (L. vas + deferre,

to carry from), definition of 186

VELUM, vee'lum (L. veil)—
Anterior medullary, definition of. 437
Medullare, definition of 424
Palati, definition of 306
Transversum, definition of .... 88, 434

VENA CAVA, ve'na ca'va (L. vena,
vein + (xwa, hollow), definition of. .351

VENTRICLE, ven'treekel (L. venter,
belly)

Laryngeal, definition of 340
Of heart, definition of 55, 355

VENTRICLES—
Of brain, where located 423-424
Lateral, definition of 87

VENTRICULUS, ventrik'tilus (L. ven-
triculus, dim. of venter, belly)—
Impar 1^7

VERMIS, ver'mis (L. worm), defini-

tion of 437

VERTEBRAL PLATE, ver'tebral (L.

vertebra, joint), definition of 37

VERTEBRATA, verretebray'tah ( L.

vertebra, joint), definition of 216

VERTEiX, ver'teks (L. verteso, top),
breech measurement 209

VESICAL, vess'ikal (L. vesica, blad-
der)

—

Allantoic, definition of 64
Blastodermic ( see blastoderm )

.

Germinal, definition of . 19
Of nucleus 127

VESTIBULE, ves'tibul (L. vestibulum,
passage ) 396

Of ear U5
Of ear, definition of 447
Of nose, definition of 449

VESTIGIAL, vestij'ial (L. vestigium,
trace) 150

VILLI', vili (L. villus, shaggy hair) . . .205
Definition of 301

VISCERAL ARCHES, vis'eral (L.

viscus^ internal organ
)

, definition

of 161
VISCERAL CLEFTS—

Definition of 74, 263
Muscles, definition of 403
Pouches, definition of 74
Skull, definition of 114

VITALLY SBCRETORY GLANDS.
definition of 249

VITELLINE ARTERIES, vi (or vi)

tell'inn (L. vitellus, yolk) 47

VITELLINE (pertaining to yolk) 14

VITELLINE VS. OMPHALOMEiSEN-
TERIC, definition of 59

VITELIUM, definition of 14

VITELLUS, vitePus (L. vitellus, yolk) 15

VITREOUS HUMOR, vit'reeous (L.

glassy) 155
Of eye 452

VIVERRA, viver'ra (L. viverra, a fer-

ret) 310

VIVERRA INDWA, teeth of 311

VIVIPAROUS, vivip'arus (L. virus,

alive + pa/rere, to beget) 195

VOCAL CORDS, vo'kal (L. vox, voice),

how formed 338
VOICE BOX 339

VOLANT, vo'lant (L. volans, flying) . .230

VOMERO-NASAL ORGAN (L. vomer),
definition of 450

VOMERS, vomers (L. vomer) 193

VORTEX, vor'teks (L. vortex, vortex). 98

WEIGHT OF HUMAN EMBRYO 208
WHALEBONE 313
WHALES 238
WHARTON'S DUCT, definition of.... 3 18

Jellv 208
WHITE MATTER 414
WILDER 320, 324
WILLIS, CIRCLE OF, definition of. . .368
WINISLOW, FORAMEN OF, definition

of 322
WIRSUNG'S DUCT, definition of 327
WIlSHBONE 978
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WOLFFIAN BODY, wolf'eean (after

K. F. Wolff, German anatomist)

,

definition of 60, 80, 384
Ridge 86

XEN0PU8 226
XIPHISTERNUM, zifister'num (G.

^Iphos, sword + L. sternum, breast).277
XIPHOID, zif'oid (G. xiphos, sword
+ eidos, shape ) 277

YOLK PLUG, yok (A. S. geoloca, the
yellow part), definition of 27, 130

YOLK STALK 40, 62
YPSILOID CARTILAGE, ip'si'loid (G.'

upsilon + eidos, resemblance ) 282

ZONA RADIATA, definition of 19
ZONE OF JUNCTION, zon (G. zone, a

girdle
) , definition of 26

Z Y G A P O P H Y Si I S, zigapof'esis or
zigapof'esis (G. zygon, yoke; apo-
physis, process) 258

ZYGOMATIC, zigomat'ik or zigomat'ik
(G. zygoma, yoke) 273
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