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PREFACE

Tr1s book has a twofold purpose: first, to present the re-
sults of modern anatomical and embryological research rela-
tive to the human structure in a form accessible to the general
student, and, secondly, to furnish students of technical human
anatomy with a basis upon which to rest their knowledge of
details.

Regarding the first of these purposes, it may be said that,
while many of the phases of the doctrine of evolution have
been thoroughly exploited, and their general teaching has be-
come the property of the general scholar, the contribution
to thought furnished by anatomy has been considered of too
technical a character for popular presentation. It is true that
this science necessarily rests upon a material basis, and in-
volves a mass of extremely intricate details, and it is also true
that a more or less complete knowledge. of these is absolutely
necessary before the contribution of this science to evolution-
ary thought can be appreciated; but in these respects anatomy
does not differ from other branches of natural science, the
essential teachings of which are already a matter of general
knowledge. If, then, the technical difficulties have been sur-
mounted in the case of Geology, Astronomy and general
Zoblogy, it is not too much to hope that in the course of the
next few years the mission of Anatomy may also become gen-
erally known, especially since its results touch human interests
more closely than do those of any of the kindred sciences.

Concerning the second purpose, that of assisting in the
technical study of human anatomy, it is hardly necessary to
present an argument, since the great advantages of studying
human anatomy in connection with both comparative anatomy
and embryology are patent to all who have employed this
method. While there are still a few human anatomists who
present the old argument that the science is too full of detail
already to allow the assumption of additional facts, the ex-
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perience of everyone who has learned the parts of some com-
plicated organ like the brain, by the old method, and has had
it later elucidated by the new, is a sufficient refutation of
such a position. It takes but a little experience with anatomy,
as taught by the modern comparative method, to see that this
latter furnishes a rational basis for an absolute knowledge of
the fundamental relationships, while the old method is largely
an intricate system of mnemonics. A student of the older anat-
omy must needs remember arbitrarily that two given parts
are related in a certain way and not in the reverse way, and
if his memory is inadequate to the task he has nothing to
save him, while a student, furnished with a morphological
basis for his knowledge and able to refer the parts back to
a time in which they were in a much simpler condition, will
know that they must be related in a certain definite way, and
cannot be otherwise arranged.

The present work has especially the needs of the medical
student in mind, since it is not a general comparative anatomy,
but, as its title signifies, a “ history of the human body,” in
which the structure of the lower vertebrates is expounded
only so far as is needed to throw light upon the relations
found in Man. Thus the lines that do not lead in this direc-
tion, but represent specialized side-branches, like those of
birds or snakes, are barely touched upon, other than as illus-
trations of principles similar to those under consideration,
although certain exceptional modes of development or eccen-
tric specializations are often mentioned on account of their
general interest,

The technical terms of human anatomy employed in this
work conform in general to the list prepared by the Basle
Anatomical Nomenclature (BNA), but in cases where these
terms differ widely from those in common use in America the
latter are placed in brackets after the BNA term. In cases
where the BNA nomenclature is not in accord with morpho-
logical principles, these terms are rejected, but are indicated
in brackets or otherwise. Of these, the most important are
the following:
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1. In the case of the bones of the carpus and tarsus. For
these the BNA nomenclature employs the terms used on the
Continent, and especially Germany (e.g., triquetrum, multan-
gulum majus, etc.), instead of those to which the Americans
and English are accustomed. The synonomy of these terms is
presented in the form of a table, but as both sets are purely
arbitrary and describe the shapes and relative sizes as found
in Man alone, there seems no reason why one should be pre-
ferred to the other, or, indeed, why either should be longer
perpetuated, in preference to the simple system employed by
comparative morphologists.

2. In several cases in which terms of orientation are still
employed with reference to Man in a standing position (e.g.,
superior and inferior instead of anterior and posterior; an-
terior and posterior instead of wentral and dorsal). Thus, in
the case of the columns of the spinal cord, it is thought best
to reject the BNA terms posterior and anterior in favor of -
the more natural dorsal and ventral, as employed in the case
of all other animals. In the same way the two vene cave are
referred to as anterior and posterior instead of superior and
nferior.

3. In the case of the pads of the palm and sole. Here the
principle involved is one of use rather than position, and the
point at issue depends upon the true function of these parts.
The two views held at present are (1) that their function is
tactile, and (2) that it is mechanical, preventing the tendency
to slip by presenting a surface covered by ridges. [cf. Chap-
ter IV.] The BNA term for these pads is toruli tactiles, a
term which does not accord with the view expressed here.

In a few cases the adoption of the new nomenclature in-
volves changes in well-established terms; for example, ductus
[vas] deferens, stratum germinativum [mucosum], and renal
[Malpighian] corpuscles; and in some there is a slight change
in spelling, as thyreoid and chorioid, but as these are all in the
interest of exactness and do not violate morphological princi-
ples, they are employed here.

In the case of a work which, like the present one, attempts
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to cover a large field, in each and every point of which there
are opposing views, both as to the facts themselves and to
their interpretation, errors and misinterpretations are inev-
itable, and the writer craves the indulgence of those who have
directed their special attention to any one of the subjects
touched upon here. The book is primarily intended as an
interpretation of the work of the specialists in anatomy,
especially during the last half-century, and its mission will be
accomplished if it serves to render the facts obtained more
accessible to the general reader.

Dryaps’ GREEN, NORTHAMPTON,
May, 1909
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CHAPTER 1
THE CONTINUITY OF LIFE

“Ich sage immer und wiederhole es, die Welt konnte
nicht bestehen, wenn sie nicht so einfach wire.”
JouANN Worreane GoermE, in Eckermann,
Gespriche mit Goethe. 11 Apr., 1827.

OnE of the grandest generalizations formulated by modern
biological science is that of the continuity of life; that the
protoplasmic activity within the body of each living being
now on earth has continued without cessation from the remote
beginnings of life upon our planet, and that from that period
until the present no single organism has ever arisen save in
the form of a bit of living protoplasm detached from a pre-
existing portion; that the eternal flame of life, once kindled
upon this earth, has passed from organism to organism, and
is still going on, existing and propagating, incarnated within
the myriad animal and plant forms of the present day. Built
up of carbon, hydrogen, oxygen, nitrogen, together with
traces of a few other elements, yet of a complexity of struc-
ture that has hitherto resisted all attempts at complete
analysis, protoplasm is at once the most enduring and the
most easily destroyed of substances; its molecules are con-
stantly breaking down to furnish the power for the manifesta-
tions of vital phenomena, and yet, through its remarkable
property of assimilation, a power possessed by nothing else
upon earth, it as constantly builds up its substance anew from
the surrounding medium, usually in excess of that lost by dis-
integration, and possessed of qualities identical with those of
the parent mass. The continuity, then, is not one of ma-
terial, but of qualities, and it is this that makes an organism
the same from birth till death. An acorn, a sapling, an oak
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—all are the same organism, although the bulk of the acorn
is but the hundredth part of the sapling, and that the thou-
sandth part of the oak, and although every particle that con-
stituted the organism in an early stage may have been elim-
inated long before the next stage is reached. Upon the at-
tainment of a certain size-limit, the most or the whole of the
constantly accumulating excess is freed from the parent or-
ganism, in the form of germinal particles, each of which, still
continuing the process of assimilation, wrests building ma-
terial from its surroundings, from other organisms as well as
from inorganic substances, and, if successful, develops into a
new organism, which often to the minutest details reproduces
the parent from which it arose.

Through this power of assimilation there is a constant en-
croachment of the organic upon the inorganic, a constant
attempt to convert all available material into living substance,
and to indefinitely multiply the total number of individual
organisms. This tendency receives a check, however, from
two sources: from the forces of the inorganic world, since
each organism is particularly sensitive to surrounding con-
ditions, and, secondly, from other organisms. It has been to
offset these that all variations in organisms have taken place,
changes which have furnished a great power of adaptation to
various conditions and have resulted in the invasion and occu-
pancy of all environments in which the conditions do not
absolutely prohibit protoplasmic activity.

Thus have developed all the plant and animal forms which
have ever appeared on the earth, and since no one of these
can have arisen spontaneously, but depends for its develop-
ment upon a bit of living protoplasm thrown off from a pre-
viously existing organism, it follows that all living beings may
be traced back through continuous though converging lines
of life to the first beginning of all life—the primordial proto-
plasm. Difficult as this may be to follow in the case of the
more complex organisms, those which, through constant
modification, have departed most widely from the original
condition, this continuity of life is easily seen in the one-
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celled organisms, or Protozoa, which are the simplest in struc-
ture of all living things. The essential body substance con-
sists of a minute mass of semi-fluid protoplasm, in the interior
of which lies a denser portion which constitutes its most im-
portant organ, the nucleus. This latter is the physiological
center for the control of all the vital functions of the animal,
and is undoubtedly extremely complex in structure, even in
the simplest members of the group. In some protozoans the
protoplasm is enclosed by a thin but fine cell-membrane, which
preserves for the animal a more or less definite shape; in other
cases there is no such membrane, and the protoplasm is free
to assume an irregular and constantly changing outline, each
species, however, still preserving a certain characteristic range
of form.

Through the intaking of other organisms, either alive or in
a state of disintegration, the protoplasm of all Protozoa has
the power of adding to its bulk, through assimilation; a pro-.
cess perhaps more than all others characteristic of life and
not imitated in any way by lifeless matter. For this process
a nucleus is absolutely essential, for it has been experimentally
proven that non-nucleated fragments of the simpler Protozoa
are capable of continuing their existence for some time, and
can even receive foreign materials, yet have no power of
assimilation. A fragment containing a nucleus, on the other
hand, will continue to grow and will ultimately completely
restore the lost part.

This process of growth is limited, however, not by any
failure in the vital process, but by the mathematical law of the
ratio of surface to mass.* The intaking of both food and
oxygen, and also the expulsion of all waste products, take place
on the external surface, or, in the case of those covered by a
cell-membrane, over a restricted portion of that area, but on

* This law is that the surfaces of homologous solids are to each other
as the squares, and their masses as the cubes, of their homologous dimgn—
sions. A protozoan which has increased to twice its normal size, i. e., twice
its original diameter, has increased its surface four times and its mass eight

times, It has therefore reduced its proportionate surface by one half, and
its supply of food and oxygen in the same degree.
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account of the law just mentioned, the mass of a growing
animal increases faster than its external surface, and the time
is soon reached at which it is in danger both of starving and
of suffocation. To offset this, recourse is had to a process
called fission, which effects at the same time a relief from the
physiological difficulty and a multiplication of the individual.

In its simplest form this reproduction by fission, as it is
termed, is inaugurated by (1) a lengthening of the nucleus;
(2) a contraction of its middle portion, producing a form

Fic. 1. Simple fission. Diagrams based on the infusorian Paramaecium.
In all the figures the macronucleus is on the left, the micronucleus on the

right. The division of the micronucleus is effected by mitosis, that of the macro-
nucleus is direct.

like an hour-glass, and (3) a separation of the two halves,
forming two independent nuclei, each half of the original
size. A similar subdivision of the body of the cell follows,
the arrangement being such that each piece becomes supplied
with one of the two nuclei, and is capable of beginning an
independent existence. In certain other cases the proceeding
is more complicated. The organism surrounds itself with a

shell or cyst, secreted by the protoplasm, and after a quiescent-

period, breaks up, not into two, but a larger number, usually
four, eight or sixteen, which become released by the bursting
of the cyst and swim out into the water, each in its turn to
assimilate foreign matter until of the size for another encyst-
ment.

It is but natural to refer to the undivided organism as the
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¢ parent,” and to the resultant organisms, whether two or
ofle, as the ““ offspring,” yet it is here plain that we do not
have to do with either parent or children in the usual sense.
The ““ parent,” as such, ceases to exist the moment it becomes
divided; yet no death has ensued, for there is no dead body.
The vital activity of protoplasm has been perpetuated, without
an interruption, from the undivided mass to-each piece result-
ing from the fission, or in other words, the life is continuous.

In a restricted sense, then, a protozoan is immortal: its

Z

F1c. 2. Multiple fission as shown by the parasite of malaria, Hema-
maba malarie. [After Ross and FIELDING-OULD.]

The enclosing outline represents a human blood corpuscle, within which the
transformation takes place.

(a) Young amceboid stage formed from a sporozoid. (b) Older amcehoid stage,
showing growth. (c) Beginning of multiple fission. (d) Division of the mass
into eight sporozoids. At this stage the sporozoids become liberated through the
distintegration of the remains of the corpuscle, and invade the plasma. From this
tll:ey enter new corpuscles, and assume the amceboid form as at a, thus completing
the cycle.

vital activities have been continuous, without interruption from
the beginming of life upon the planet. It is not meant, of
course, that a protozoan is indestructible, for countless num-
bers of them are continually succumbing to mechanical or
chemical injury; but each accident of this sort extinguishes a
life which has existed without cessation from the first life of
all. The actual material particles are constantly changing,
even while a protozoan is retaining its identity as an indi-
vidual, yet that which is continuous from moment to moment
in such an individual, is equally so during and after each
fission, and is perpetuated without interruption, in each piece,
so long as it does not meet with conditions which destroy it.

Aside from the phenomena of reproduction by fission, there
is another procedure which has been observed in many forms
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of Protozoa, and while in the present state ot knowledge it
cannot be asserted that it is a universal procedure, existing in
all species, it is very likely that this or a similar process is oc-

e f g h
)& )

Fic. 3. Conjugation. Diagrams based on the infusorian Paramecium.
Here the two gametes are of the same size and the fusion is temporary
with similar results in the case of each.

(a) The two micronuclei are forming mitotic figures preparatory to division.
(b) The two micronuclei have elongated; the macronuclei are disintegrating. (c)
One-half of each micronucleus passes into the other individual through the
mouth. (d) Fusion occurs in each individual between the half nucleus
that originally belonged to it and the half nucleus that has come from
the other. This forms a fusion-nucleus. (e) The fusion-nuclei form mitotic figures
preparatory to division. At about this time the two individuals separate, ), ),
(h) The fusion-nucleus divides three times in succession, eventually forming eight
nuclei. (i) Four of the eight nuclei enlarge and form macronuclei, and four re-
main small and become micronuclei. These become associated in pairs, one micro-
and one macro-nucleus, and are distributed to four individuals that result from
two successive divisions. Each of these, evidently as the result of the conjugation,
has a renewed power of fission, and multiplication continues in this way [cf. Fig. 1]
until the power becomes diminished, when it is renewed by a new conjugation
[cf. Fig. 5 (a)l.

d

casionally undergone in all cases. This is the process of con-
jugation [Fig. 3] which, in the cases best studied, seems to
bear a definite relation to the process of reproduction by
fission. In these cases the number of fissions which can occur
in succession appears to be limited, for after a series of these
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it seems that the reproductive force becomes lessened, causing
longer pauses between successive fissions, and ultimately the
death of the organisms. It is at this time, when the fissions
are farther between and carried on with less activity, that
conjugation appears. This consists typically of the temporary
fusion of two individuals, during which there is a mutual inter-
change of certain of the elements of the nuclei. When this
is accomplished the two individuals, or gametes, as they are
here termed, separate, and begin anew a fresh series of fissions
as at first.

The purpose of the process thus seems to be something like
a rejuvenescence, by means of which the reproductive activity’
may be renewed; yet, that the action is chemical rather than
physiological is suggested by experiments in which a similar
increase of activity, taking the place of conjugation, may be
induced by the addition of food-substances like beef broth to
the water containing the species under investigation. -

In many cases the process of conjugation is rendered more
complicated by the introduction of two sorts of individuals,
macro- and micro-gametes, which are evidently produced for
this especial purpose by a variation in the usual course of the
fission process. In this case the two usually unite perma-
nently and form a 2zygote, which becomes thus endowed with
special reproductive activity. [Fig. 4.]

In multicellular organisms the matter becomes still more
complicated, but is essentially the same so far as concerns pro-
toplasmic continuity. Here only certain cells, which are called
germ-~cells, act as gametes and conjugate, producing the new
organisms by their repeated divisions, while the remainder,
often vastly preponderating over the former in actual bulk,
build up a body or soma, which forms a shelter and protection
for the germ cells. Somata possess a high degree of adapt-
ability to external conditions, and become modified to fit them,
so that in this way they and the germ-cells contained within
them may come to be developed in’places and under circum-
stances where otherwise they could not possibly exist.

In this way all animal and plant forms have been produced,
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Fic. 4. Carchesium, a sessile protozoan colony, showing conjugation.
[Diagram in part after BUTSCHLI and SCHEWIAKOFF.]

a a Macrozooids, which, by their division produce either b, other macrozooids, or
¢ microzooids, which eventually become free. d Free-swimming microzooids, per-
haps fromr another colony. d microzooid (here a microgamete) in conjugation with
a macrozooid (macrogamete). In each of the above individuals may be seen a
vermiform marcronucleus and a spherical micronucleus. e Detail of conjugation.
The macronucleus of each component is shown broken into fragments previous to dis-
solution; the two micronuclei are dividing mitotically into two halves, one-half of each
destined to pass into the other component, The micro- and macro-gametes are
designated, respectively, as male and female, [Subsequent stages similar to those
shown in Fig. 3.]
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each being but the temporary dress of a proliferating mass of
protoplasm; a detached mass of tissue, which feeds, breathes,
and often moves and perceives, for the better support and pro-
tection of the continuous living protoplasm. The soma is
mortal, and after a longer or shorter period loses its vitality
and goes to dissolution; the germ, in the restricted sense of
being coéval with life upon the earth, is immortal; and yet, in
spite of the far greater value of the latter, the two are very
closely associated. As the soma becomes modified, the germ
becomes equally so, since each germ, as it develops, repro-

RPN
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Fi6. 5. Diagrams illustrating the life cycle in unicellular and multicel-
lular organisms.

The round dots represent cells. In (b) and (c) the germ cells are gray, the
somatic cells black. 1In all cases the destruction of a cell is indicated by a heavy
black bar placed beneath it.

(a) Protozoan type, with equivalent gametes., The series begins with a con.
jugation, after which the gametes separate and a series of s:mple fissions follows in
the case of each gamete. After several generations of these, in which many of the
individuals produced are destroyed, conjugation again appears, completing the cycle.

(b) Life cycle in a male Metazoan, The cycle begins with a conjugation between
a macro- and a micro-gamete (ovum and spermatozoon), after which there follows
a series of simple fissions, which differ from those of (a) in the perpetual union
of the components thus formed, represented here by connecting lines. There is
thus built up an interdependent cell-colony, the soma, shown in the fifth row from
the top. Certain of the somatic cells become microgametes (=spermatozoa), destined
for conjugation, and capable of independent existence when separated from the
rest. The remaining somatic cells perish simultaneously.

(c) Same as (b), but the gametes produced are macrogametes (=ova), and the
soma is consequently female. The conjugation of these cells with microgametes is
shown in the lower row, thus completing the life cycle. The bars placed beneath
the completed germ cells in (b) and (c) suggest the probable proportion of accidental
destruction,

duces a soma almost identical with that from which it came;
a result which can be explained only by supposing that -each
germ contains a controlling mechanism, directing and de-
termining the development of every individual part in the
future soma.
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The differences between unicellular and multicellular organ-
isms in these respects may be graphically expressed in the
accompanying diagrams. [Fig. 5.]

In the first of these (a), which represents the condition in
the simpler unicellular animals, a cycle of cell generations
begins with a conjugation, a procedure during which a part
of the nuclear material of the two conjugating individuals is
mutually exchanged, the result seeming to be an increased
activity of division for some time. The resulting cell genera-
tions are followed in the diagram in the case of but one of
the two conjugating individuals, that of the other being sim-
ilar, Several generations are indicated, as also the chance
mortality of individuals, the result of this last being to keep
the total number of individuals in each generation approxi-
mately the same in spite of the geometrical ratio in which the
individual cells tend to increase.

The two other diagrams (b) and (c) represent a similar
cycle of cell generations in two multicellular organisms, male
and female, respectively. In these, the cycle begins with the
union of a male and female germ-cell, that is, a permanent
conjugation between a micro- and a macro-gamete, forming
a fertilized ovum. Because of the cellular differentiation due
to a necessary adaptation, the male cell is small and active and
equipped with a locomotive organ in the form of a vibratile
flagellum, while the female cell is more or less immobile and
furnished with a large amount of yolk, the food supply for
the embryo during its early development, when it cannot ob-
tain its own nourishment. After the conjugation there
ensues a series of cell generations, as in the other case, with
the essential difference that here they remain in organic con-
tinuity with ome another and form, wnot independent indi-
viduals, but the component parts of a multicellular organism.
The number of such generations is often very great, certainly
much greater than here represented, and the cells early begin
a differentiation of form and function which leads eventually
to the formation of all the tissues necessary to build up the
adult body or soma. Among those early cells are the
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primordial germ-cells, differently marked in the diagrams,
which seem to retain the general qualities of the first egg-cell
and to resist the tendency to specialization seen in the others.
From these the final germ-cells develop, small and mobile in
the case of the male, large and provided with yolk in the case
of the female. These, liberating themselves from the soma,
unite in pairs to form another cycle like the first, while all the
generations of the somatic cells are sooner or later brought
to an end simultaneously, the death of the individual.

This organic connection between the cells, which constitutes
the essential difference between unicellular and multicellular
organisms, has its advantages as well as its disadvantages.
The chief among the first is the great power of differentiation
among individual cells or cell-groups, with the resultant di-
vision of labor; a great disadvantage lies in the fact that
through this very specialization of function, any vital accident
occurring in one part drags down to death all the other cells
of the organism. The germ-cells alone are the immortal
parts, the continuous principle which survives the destruction
of the soma, and each contains within itself, expressed in the
form of an ultra-complex mechanism, the ability to reproduce
in its cell descendants every detail of the soma from which
it originated.

In this is seen the primary value of the soma, which be-
comes clear when taken in connection with the struggle on the
part of nature to develop as much protoplasm as possible.
The soma is a mass of protective cells, capable of a high
degree of specialization, and thus able to adapt itself in accord-
ance with the needs of every environment in which it is
possible for orgamic beings to exist. Even its death is an
adaptation, for by this means new and perfect somata are con-
stantly taking the place of those whose usefulness as guardians
of the germ-cells has become impaired by the inevitable injury
to which organisms are constantly exposed. Life is con-
tinuous in the germ-cells from generation to generation and
has been carried into all environments and protected and
multiplied through a constant succession of perishable somata.
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" The adaptations of the soma are extremely gradual, and
thus, if all forms that have ever existed could be arranged in
order, they would form a continuous series, not in the form of
a straight line, but in that of a profusely branching tree, since
from one parent form two or more varieties are constantly
arising, capable of inhabiting a slightly different environment,
and, if successful, continuing along separate lines of develop-
ment. As a matter of fact, however, the fauna and flora of
the world at present represent, for the most part, but isolated
units in the great system, and while a careful study of the
structure of every known form has led to the restoration of
many portions of this tree, there are in other places great gaps
filled thus far only by inferences, and therefore matters of
continual controversy.

This continuity of all life and the recognition of animals
and plants as no more than the countless adaptive forms of
the plastic soma, enable the zodlogist to trace out with con-
siderable accuracy the history of those series of which the
records are the best preserved, a history which, while lying in
the past, is represented in the present by forms which arose in
earlier periods, the complete adaptation of which has allowed
them to successfully struggle with their competitors and thus
to survive with but little change to the present day. It is in
this sense, then, that there can be a history of the human body,
the history of the struggles and successes and failures of our
remote ancestors, as they successively encountered the various
environments wherein this history has been enacted. The
ocean, the marsh, the prairie, the forest, each has formed the
complex stage-setting of an historic period and has contributed
to the formation of the human soma. Man’s body was, like all
others, not made new, but adapted, and this not once, but
repeatedly. Old organs have been readapted to new uses or
are retained as merely functionless rudiments, new organs have
arisen through the change of function of some preéxisting
part, the body has in all its details been molded and shaped
with each new change to the end of producing the highest
degree of physiological efficiency, and this always with sole
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reference to the problem in hand and with no regard to the
future inconveniences which may arise from a certain form
or arrangement.

To learn this history we must turn to the comparative
anatomy of vertebrates, Some of them are still so similar
to the early stages of our own development that we may
almost look upon them as our former selves; others represent
development along other lines to which their environment and
its necessities have brought them, and they show us what we
might have been, had chance led us in their direction.

The first period of vertebrate history was an aquatic one,
in which the environment was represented, not merely by the
water, which developed a certain kind of respiration, and al-
lowed a style of locomotive organs inadmissible on land, but
by the vast hordes of carnivorous enemies generated in the
depths of the ocean; yet, through these struggles was gained
an exoskeletal armor with which to ward off the attacks of
the powerful molluscs and crustaceans of the Silurian seas;
and of the armor plates thus obtained the relics are still re-
tained in the cranial region, forming the dermal bones of the
skull (frontals, parietals, squamosals, etc.).

Profound changes became necessary when our ancestors
left the ocean and sought refuge in the marshes and upon
land ; changes not merely in the mode of respiration, but in
the entire skeletal and muscular system, owing to the great
difference in specific gravity between water and air. Differ-
ences in food caused modifications in the digestive system,
and all surfaces exposed to the air developed glands in pro-
fusion to resist the drying effect of sun and wind. During
this period were acquired pentadactylous extremities, lungs
and larynx, and the salivary and lacrimal glands. The or-
ganism became modified in countless ways, as the attempts to
inhabit dry lands, apart from the marshes, ushered in the next
great period, that of the rocks and plains.

Here began a complete aérial respiration, the development
of the permanent kidneys, which replaced the Wolffian bodies
of amphibians, and the formation of a cornified epidermis, with
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its proliferations in the form of scales, horns and claws. The
great increase in the size and strength of the limbs, begun in
the previous period, reached here a high degree of perfection,
and towards the end of this period vertebrates were for the
first time enabled by the help of these to lift their bodies com-
pletely from the ground and exchange the crawling move-
ments for a definite walk,

But the most important of all the changes produced by a
land environment has been the rapid increase in the size and
efficiency of the central nervous system, which became de-
veloped in part through the need of controlling the larger limb
muscles, and in part in response to the far more varied
environment afforded by the land surfaces and the consequent
necessity of recording a larger number of sensory impressions.
By a curious and indirect method this development, especially
that of the perceptive centers of the brain, has been still more
encouraged in a certain group of rather generalized mammals
through the occupation of an arboreal environment. The
direct result of this was, that in these animals, which were, in
the main, large enough to grasp the boughs in climbing, a
prehensile paw with an opposable first digit was developed on
both anterior and posterior limbs, and this new tool, especially
the anterior set, which became hands, from now on allowed
the animals to grasp all sorts of objects, and expose them to
a more careful scrutiny, thus causing a continually greater ”
development of the recording centers of the brain.

As this arboreal environment has been the latest in the
line of human history previous to the assumption of a strictly
terrestrial life, there are still in man’s body more evidences
of this than of the earlier stages, but these, because they are
the latest, are also the most superficial, and consist of such
characters as the flattened nails, the pectoral position of the
mamme, and the opposable thumbs.

The latest change of all, the assumption of an erect position
and the emancipation of the anterior limbs from all locomative
functions,_ has necessitated a few modifications, especially
changes in the pelvic girdle and in the relative size and
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strength of the muscles of the legs, but has effected little in
the way of actual change of structure, so that anatomically
man still stands very near his arboreal kinsmen that represent
the immediate past in the history of human development.

This study of the succession of forms upon the earth is
termed race history or phylogenesis, and forms one of the two
sources from which the past history of ‘animal development
may be obtained. The other is the sequence of stages re-
corded during the embryonic development of each individual,
and is termed the developmental history or ontogenesis. By
what is at once the most natural and the most mysterious law
of nature each individual animal inherits, not only the struc-
ture of its immediate parents, the attainment of which means
the end of its development, but also that of its entire line of
ancestors, which appear in approximately the natural order
of succession and constitute the stages of its ontogenetic de-
velopment.

As a result of this it follows that the two records, phylo-
genetic and ontogenetic, run closely parallel, and each serves
in many places to bridge a gap or explain an obscure period
wn the other. This parallelism of the two records lies at the
basis of all morphological speculation, and forms what is
of ten termed the law of biogenesis.* It must not be expected,
however, that the correspondence in the two records is com-
plete, since numerous disturbing causes must be taken into
consideration which tend to modify each record quite inde-
pendently of the other. In the race history there are many
gaps caused by extinction, and the forms that have come
down to us from earlier periods have become much changed
from their former condition and represent their ancestors in
a qualified sense only; while in the individual development
there are many characters that are in no sense historic, and
have to do with such immediate environmental problems as
nutrition or protection. These latter characteristics, which

* The “Biogenetisches Grundgesetz” of Haeckel; formulated by him
as follows: “Die Ontogenie (Keimesgeschichte) ist eine kurze Wieder-
holung der Phylogenie (Stammesgeschichte).”
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are called cenogenetic, or modern, are clearly of no importance
in such inquiries as the present, and must be carefully distin-
guished from those that are palingenetic, that is, actual repe-
titions of past history.

It is essential, then, in order to interpret correctly the two
records, phylogenetic and ontogenetic, and from them to re-
produce the past history of our race, with its solutions of the
details of man’s structure, that the nature of each form of
record be thoroughly understood. The phylogenetic or race-
history is the plainer and more direct of the two, and presents
fewer technical difficulties to the student, but it contains at
present extensive gaps, not yet filled in by the discovery of
fossil remains; the manuscript is plain and clear, but has suf-
fered much from the ravages of time and is fragmentary at
best: the ontogenetic, on the other hand, presents a more con-
tinuous story, but the difficulties in the way of investigation
are very great; here the manuscript is written in a micro-
scopic hand, and is, moreover, a palimpsest, scribbled over with
extraneous material, added at late dates and connected with
the exigencies of development.

The characteristics of the phylogenetic record may be made
clear by the aid of the accompanying diagram [Fig. 6], which
represents a purely hypothetical case, and the conditions in-
volved may be presented in the form of laws, as follows:

L. Development has not been in a single direction, but in
many, since the constant rivalry between allied forms causes
them to continually push their way into new environments,
the gradual adaptation to which causes a greater and greater
divergence between the descendants of those that entered the
new environment and those that remained in the old.

To illustrate this by the diagram, suppose 29 to represent a
terrestrial carnivorous animal, living on the border of the
ocean and preying upon the forms of life found upon the
shore, or within shallow water. Pressed by the struggle for
existence, in this instance represented by the scarcity of this
sort of food, certain individuals venture farther out into
deeper water and attempt to capture fish. Thus begins the
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establishment of a group which becomes more and more
aquatic, as represented by the divergent line leading to 34,
until finally a completely aquatic fish-eating animal or group
of animals is the result, the form at the end of the line, 34,
representing the highest point of specialization attained.
The remaining descendants of 29, continuing to live in pre-
cisely the same habitat as their ancestors, as is here indicated

35

Fic. 6. Hypothetical tree illustrating the interrelations of organisms.

Extinct forms are represented by open circles, living forms by solid black ones.
The same number distinguished by exponent letters signifies a close relationship.
The dotted areas suggest some special environment, the inhabitants of which show
“ adaptive resemblance ” although representing several unrelated lines.

by the continuance of the line 29-35, in the same direction as
28-29, either remain exactly as their ancestors, or probably
become more highly specialized in the same direction. Con-
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tinual divergencies on the part of animals, as they seek new
environments in this way, produce the numerous divergent
branches, the relative time of the divergence being expressed
by the position of the intersection and the amount of the mod-
ification by the length of the line.

I1. Although animal forms are not related to one another
as members of a single linear series, they yet form a con-
tinuum, and any two hiving forms, however great the struc-
tural difference between them, are connected to one another
by a continuous chain of animals, a connection which will
become apparent by tracing the lines backwards along the
ancestral course of each until they meet at their earliest com-
mon ancestor.

Thus, in tracing the relationships of 9 and 14, neither form
is ancestral to the other, but both arose from the common
ancestor 7, back of which their history is identical. As the
ancestral forms are now wholly extinct, they are no longer
available for study save when found in the fossil state, but
their place may often be supplied by modern forms which are
but little modified from the condition of the actual ancestors.
Thus the recent forms 8a and 7a are almost as useful in re-
producing this part of the phylogenetic history as 8 and 7
would be, and through them the inter-relationship of 9 and
14 may be readily traced. This may be stated as a third law:

II1. Although the actual ancestral forms lying at the fork-
ing of the branches no longer exist and have seldom been
found in a fossil state, many clews of their structure may be
obtained by the study of those of their descendants which
have retained most completely the ancestral environment, and
which have, therefore, kept many or most of the ancestral
characteristics.

Thus in studying the relationships and comparing the struc-
ture of two such divergent forms as 32 and 34, the living form
30a would be of the greatest assistance, as it would enable
the investigator to see what was the common structural
heritage from which, through two lines of modification, the
two forms in question have developed.

IV. Among the fossil remains of extinct forms which geo-
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logical investigation has unearthed, many forms have been
found which are the actual ancestors of groups mow distinct,
and they have thus been of the greatest value in tracing out
phylogenetic relationships.  Others, however, represent a
series of forms which developed, culminated and became ex-
tinct before modern times, thus presenting a group of great
value to the student, but having no bearing upon the present
discussion. ¢

Perhaps the most famous of the ancestral forms found in
a fossil state is the Archwopteryx, a definite transition be-
tween reptiles and birds. Of this, two specimens were discov-
ered in the lithographic slate quarry at Solenhofen, Germany.
Others, of almost equal importance, have assisted greatly in
suggesting the relationship between amphibians and reptiles,
and have furnished clews to the proper arrangement of the
orders of living mammals. As illustrations of large groups
of animals whose history lies wholly in the past may be men-
tioned the trilobites, a group of crustacean-like articulates,
which became wholly extinct at the end of the Palaozoic
Age, and the ammonites, a group of cephalopod molluscs.

V. The relative amount of structural difference between
any two divergent forms is proportionate to the amount of
contrast between their environments, and not necessarily to
the amount of time that has elapsed since their divergence
from the common ancestor.

That time has in itself no power to modify an animal
species is shown by the slight differences that exist in some
cases between certain living forms and their fossil allies.
Perhaps the most conspicuous example of this is the brachio-
pod, Lingula, 2 worm enclosed in a bivalve shell. This form
has existed from the earliest Silurian times to the present day,
and yet there are hardly sufficient differences between the
earliest fossil Lingule and those now alive to allow them to
be treated as distinct species. As a rule, however, successive
geological periods show almost a complete change in their
fauna and flora, and most of the modern forms are quite
recent in origin.

The persistence of ancestral types in a slightly modified
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condition is indicated in the diagram by such forms as 3a &
30a where the shortness of the line connecting the living forii
with its ancestor indicates but little change from the earlier
condition. '

V1. As a given environment tends to exert a similar influ-
ence upon all of its occupants, members of quite distantly
related groups which become associated in the same environ-
ment often become so similarly influenced as to bear, super-
ficially, at least, a great resemblance to one another. This is
called “ analogical resemblance” and has been productive of
many mistakes in the attempt to clear up phylogenetic rela-
tonships.

Many striking examples of this are found among verte-
brates. Thus a pelagic environment, as seen among the
extinct ichthyosaurs and the modern Cetacea, has changed
the fore-limbs into fin-like paddles, reduced the hind-limbs to
functionless rudiments, shortened the neck, and given head
and body a piscine form; limbless, attenuated forms occur
among fishes, amphibians and several groups of reptiles other
than snakes; and a grazing habit produced in the herbivorous
reptilian group of the dinosaurs a close resemblance to the
large ungulate mammals of a later day.

This law is illustrated in the diagram by the forms included
by the dotted line, which represents a given environment, in-
vaded by members of several groups. Here the descendants,
not only of related forms like 5 and 6, but those of quite distant
ancestors, as 6 and 30, have become similarly modified, until
they may resemble one another so closely as to deceive the
casual observer. Forms 20 and 33, representing totally dis-
tinct stocks, may thus bear so close a superficial resemblance
as to be popularly classed together under the same general
term.* ;

*Thus whales and porpoises are vulgarly supposed to be fishes; shrew-
moles, mice; and bats, birds. Salamanders are usually confused with
lizards; and certain blind and limbless lizards (Rhineura) which occur in
Florida and burrow in the earth, so closely resemble earth-worms as to
deceive at first glance a professional naturalist.
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In the above exposition of phylogenesis there can be seen

at once both its advantages and its disadvantages as an his-
torical record.

In cases in which a line of descent is well represented by a
series of adult animals, the advantage of being able to study
large forms with functional parts is obvious; but where the
extinction of intermediate forms has obliterated the record
at some important point, the phylogenetic data fail completely
and must be supplied by the parallel history found in the indi-
vidual development of the nearest allied forms. The great-
est assistance has often been furnished by paleontology, but
as the hard parts alone leave their imprint in the rocks, they
are of little or no assistance in the history of many of the sys-
tems. Again, through the metamorphosis of the earlier geo-
logical formations and the consequent obliteration of all
organic remains occurring in them, the paleontological record
has lost beyond hope of recall all of its early stages, and at the
period of the first fossiliferous strata, the main classes of
animals as we have them at present, had already become
established.

It is here that the study of comparative embryology lends
its assistance, since in the embryological record the earliest
stages are preserved, although often overlaid with secondary
modifications. By its aid may be traced, not only the lines
connecting any two forms (Rule II. above), but it furnishes
faint though definite clews to the early history of animal de-
velopment previous to the beginning of the palazontological
record. Its defects, though many, are not the same as those
of the phylogenetic record, and the two thus reinforce one
another to a remarkable degree, each completing the gaps left
in the other, and corresponding closely in those places in
which both records are preserved.

The exposition of developmental history, or ontogenesis,
may be given in the form of laws as in the former case.

I. The developmental history of an animal includes all
stages from that of the fertilized egg (ovum) to that of the
sexually mature adult, and is not in any way interrupted by
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the act of birth or hatching. These latter are purely external
phenomena and mark no important stage in the development
of the animal save in the line of certain necessary adaptations.
The birth period often varies considerably in allied forms.

These external phenomena are wholly adaptive and are
regulated by the conditions imposed by the struggle for exist-
ence. Thus aquatic salamanders lay eggs which pass through
all the stages from the beginning outside of the body of the
parent, but in the more terrestrial species, although closely
allied to the foregoing, the eggs are detained in the oviducts
of the mother, where development continues throughout the
larval period and the young are produced in a practically adult
condition. ’

It is advantageous to some species to produce a large num-
ber of immature offspring, relying upon chance for the sur-
vival of a few of them; under other circumstances it has been
proven the better course to produce a small number of well-
developed young, furnished with a better equipment for fight-
ing the battle of life.

II. In developmental history a given species reproduces in
miniature its own ancestral history, and thus passes through
those stages only through which its actual ancestors have also
passed.

Thus, in the diagram, form 18b has passed through the
stages 18a, 18, 17, 6, 5, 4, 3, 2, and 1 as well as the innumer-
able stages between these points as represented by the lines
connecting them, but would not reproduce any stage in the
history of some allied form through which the latter has
passed since the divergence, such as 7 or 19.

The only stages common to any two recent forms, allied or
not, are those below the point represented by their latest com-
mon ancestor. This may be formulated as follows:

III. In any two given forms omly those developmental
stages which represent common ancestors are the same in
both. From the point at which their ancestors diverged their
developmental histories are distinct and different. It follows
from this that the more closely allied the two forms, the more
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completely will their embryonic development coincide, and
conversely, in forms widely apart the divergence begins very
early and only the first of the two developmental histories will
be coincident.

To illustrate those points: if the development of 16 and 34
be compared, only the early stages 1, 2 and 3 will be seen to
coincide; if, however, the developmental histories of 21 and
16 be taken, they will.be found coincident as far as their last
common ancestor, 5. In closely allied forms, such as 37f and
378, almost the entire embryological history in the two animals
will closely correspond, differences being noted only at the last.

IV. The more highly specialized the animal, the wmore
changes its ancestors have passed through; and thercfore so
much the more is to be recapitulated ontogenetically. This is
effected in part by lengthening the embryonic period and in
part by sliding over or dropping out some of the stages.

In the fish, for example, after the development of a simple
circulation designed for a water-breathing vertebrate, there is
nothing farther to do than to perfect and to mature it as it is;
in the mammal, however, the circulatory system, which is at
first like that of the embryonic fish, must become successively
modified as amphibian, reptilian, and finally mammalian; a
much longer history, which involves numerous changes and
adaptations.

V. The different historic stages are not given the same time
value, but the earlier the stage, the more it is accelerated.
The earlier stages also lose in distinctness and detail and are
“more often lost than the later ones. It follows from this that
the early part of the history is best learned from the lower
forms, in which the stages sought are not very remote from
the adult condition.

The approximate time values of the developmental stages
are seen in the development of the hen’s egg ; the segmentation
stages, and the formation of blastula and gastrula, which rep-
resent all the earlier invertebrate portion of the history, are
passed through in a few hours; the establishment of the meso-
dermic somites (myomeres), which makes it a vertebrate, is
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well marked by the end of the second day; at the age of four
days the embryo is sauropsidan, at five or six definitely avian,
and the remaining fifteen days are spent in perfecting the
details first of a gallinaceous bird, and lastly of the particular
species to which it belongs. Furthermore, the remainder of
the history, until the adult stage is reached, that is, the latest
historical period, requires many months. The value of the
study of the more primitive forms is well seen by the forma-
tion of the mesoderm, and especially that part of it which
give rise to the myomeres or primitive muscle segments. In
Amphiozxus, a form considerably below the fishes, the mesoderm
arises from the primordial intestine in the form of paired di-
verticula, from the dorsal part of which the myomeres arise;
in fishes and amphibians these elements are not distinct
diverticula, but still possess cavities or the rudiments of them;
and in birds and mammals the myomeres arise as solid cubes
cut from an indifferent cell mass, and give absolutely no clew
to their early history. ‘

VI In studying an embryological record ome must con-
stantly distinguish between palingenetic characters, or those
which are true repetitions of the past history, and cenogenetic
characters, or those which have been more recently acquired
as the result of some special adaptation. Ome of the most
universal among these latter is the presence of yolk, a food
supply for the embryo, which lies between or within the cells
and, when excessive, causes misleading distortions in the pro-
portion of parts and effects the obliteration of many important
features.

In general the actual size of an egg is due to the amount
of yolk it contains, and thus the historic records are reproduced
with greater faithfulness in very small ones. This is well
shown by the comparison of the almost yolkless egg of Am-
phioxus with that of the bird, which represents the other
extreme. In the one the cylindrical form of the primitive
vertebrate is well preserved and appears almost at the begin-
ning; in the other the dorsal portion of the future body lies
for a time almost flat on the surface of an enormous sphere
of yolk, and is enabled later to assume the cylindrical form




THE CONTINUITY OF LIFE 25

only through a secondary adaptation by which the embryonic
and vitelline (yolk) portions of the egg become nearly sep-
arated from one another, the connection being retained through
a narrow stalk.

It will be seen by the above exposition of the two historical
records, phylogenetic and ontogenetic, that they are by no
means complete and that the fragments that exist are often
difficult to interpret. This has necessarily occasioned a large
amount of controversy among morphologists, not alone in
the interpretation of the facts, but even in some cases in the
recognition of the facts themselves, owing to the great me-
chanical difficulties in the way of their examination. As in
all earnest investigation, however, the differences grow less
as the work progresses, and at the present time there is a prac-
tical agreement upon the main features of vertebrate history,
the differences being confined mainly to details. In some
cases in the following chapters attempts have been made to
set forth divergent views, but, for the most part, both for the
sake of clearness and in order to present the matter within
" suitable limits, the selection has been made of that theory
which, in the judgment of the writer, possesses the greatest
probability. ‘

The signiﬁcanéé of an anatomical fact depends upon the
phylogenetic position of the animal studied, yet at the same
time it must be remembered that the only criterion we possess
for making the phylogenetic arrangement is that of the an-
atomical structure, so that the two lines of investigation are
mutually dependent and are likely to become equally modified
by the presentation of each new fact. As a basis for this
history of the human body, which is at the same time a history
of vertebrates, especially of those that lie in the direct line of
human ancestry, it is thus necessary to consider the various
vertebrate groups, both living and extinct, so far as we know
them, and study their mutual. relationships as deduced from
their structure and developme'flt. This is, in fact, a brief study
of vertebrate phylogenesis, and will be considered in the next
chapter.



CHAPTER II
THE PHYLOGENESIS OF VERTEBRATES *

“ The Epicureans, according to whom animals had no
creation, doe suppose that by mutation of one inta
another, they were first made; for they are the sub-
stantial part of the world; like as Anaxagoras and
Euripides affirme in these tearmes: nothing dieth, but
in changing as they doe one for another they show
sundry formes.” -
PLuTArcH’s Morals; transl. by Philemon Holland,
1603, p. 846.

ALTHOUGH no great subdivision of animals, with the pos-
sible exception of the echinoderms (star-fish, sea-urchins,
etc.), possesses a more isolated position than do the verte-
brates, this latter group is connected in an obscure way with
the invertebrate world through a series of animal forms of
uncertain position themselves and usually grouped together
under the name of Prevertebrata or Protochordata. These
comprise a worm-like form, Balanoglossus, that burrows in
the mud along the sea-coasts, the sac-like tumicates, and the
small and slender Amphioxus. Formerly classed at great
distances from one another among molluscs, worms and even
plants (e. g., sessile tunicates), they are now united, owing to
the common possession of pharyngeal gill-slits, a dorsal
nervous system, and an internal skeletal rod, the notochord,
although in some cases these two latter characteristics are
transitory structures that appear only during the early steps
of development.

The highest of these animals, and consequently the one
nearest the true vertebrates, is Amphioxus, a small marine
creature something like a headless fish, which is found in the

* For a detailed classification of vertebrates, to accompany this chap-
ter, the reader is referred to the Appendix
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shore water of the warmer seas, usually buried in the sand in
a perpendicular position, with the anterior end projecting into
the water, expanded into a sort of hood for the collection of
its food. When fully grown it is about two inches in length
and is in the form of a cylinder, flattened laterally, and
pointed at either end. It is divided into a succession of body
segments, somites, by V-shaped lines,.which represent the
edges of the partitions of connective tissue, the myocommata.
These run through the masses of body muscles, and divide
them into segmental portions, the myomeres. The internal
skeletal axis, which forms one of the chief characteristics of
the group of vertebrates, is here represented by a flexible
cylindrical rod of a substance resembling cartilage, running
through the body from tip to tip. This rod, the notochord,
shows no trace of segmentation, and it is thus seen, as is
also the case in all vertebrate embryos, that the segmentation
so fundamentally characteristic of vertebrates, and so well
marked in their internal skeleton (vertebre, ribs, etc.), was
acquired first by the muscular system, perhaps as an adapta-
tion to facilitate the flexibility of the body, and that it was
secondarily carried over to the skeleton.

In arranging a phylogenetic tree of the vertebrates, Amphi-
oxus should be placed at the bottom, although, if absolute
accuracy._is demanded, neither Amphioxus nor any modern
animal, with its later modifications, should be placed at any
point along the main stems of the phylogenetic tree, but all
should be placed at the termini of branches; proximity to the
ancestral line being indicated by the shortness of the branch.

If, however, later modifications, since they have undoubt-
edly affected all modern forms to a greater or less extent,
may be left out of account, and if the successive animal forms
may be placed in the positions occupied by their direct ances-
tors, we may thus form a phylogenetic tree like the one given
here, which expresses the relationships of modern forms to
one another in a simple and essentially correct manner.

Above Amphioxus ensues a great gap, the greatest in the
entire series, bridged over by no forms, either living or fos-
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sil, with which we are acquainted, and only suggested in part by
the members of the next higher group, the cyclostomes. This
group comprises eel-like forms, to be carefully distinguished,
however, from true eels or from any of the true vertebrates,
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Fi1c. 7. Phylogenetic tree of vertebrates.

Double underscoring indicates an extinct group; single underscoring one that has
but a few living representatives. The boundaries of the Classes are represented by

dotted lines.

since they possess neither jaws nor teeth in the sense of those of
the higher vertebrates, but have the mouth surrounded by a
circular lip which is capable of being extended so as to re-
mind one of the hood possessed by Amphioxus. Within this
mouth there are variously shaped spines or plates which serve
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as teeth, A most important distinction between Amphiorus
and the cyclostomes, however, lies in the fact that the latter
possess a definite head, with brain 'and sense organs, parts
which exist only in a rudimentary or potential sense in Am-
phioxig,.—

In distinction from the cvclostomes, or * round-mouths,”
are the true vertebrates, which are termed gnathostomes, or ..
“ jaw-mouths,” the possession of jaws being a constant char-
acteristic of the entire group. The lowest class of gnathos-
tomes is that of the fishes (Pisces), but these are in turn
subdivided into several groups, some of which represent
lateral branches, that is, specializations along definite direc-
tions, and thus not in the direct line of human history. The
most primitive group is that of selachians, which comprises
the sharks and dog-fish, and the skates or rays. This group
of animals is absolutely fundamental for the morphologist
and represents the first great stage in the main line of verte-
brate history. Selachians have a wholly cartilaginous skele-
ton, the mouth upon the lower side of the head and not at the
anterior end, as in other fish, and five gill-slits which open
separately and free, not covered by an operculum (gill-flap).
Their position in the tree is clearly in the main line above
the cyclostomes.

The ganoid fishes are also of great importance to us.
They represent a few remnants of what was the dominant
group during the Devonian epoch and are the direct de-
scendants of the selachians. As in the case of all such rem-
nants, they are extremely diverse in structure among them-
selves and are placed in a single group rather more for con-
venience than because of a very close relationship to one
another. They are characterized by the tendency of the
scales to fuse into bony plates, a tendency which in the past
resulted in the development of a special group, the placo-
derms, which were entirely covered by a suit of mail formed
in this way. Similar plates cover the head in all modern
ganoids and they occur in rows along the body in a few
forms (sturgeons). The skeleton is mainly cartilaginous in

€
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the lower representatives of this group, but becomes more or
less bony in the higher. The gill-slits no longer open directly
and separately to the outside, as in their selachian ancestors,
but are grouped together and covered by a gill-flap or oper-
culum.

The two remaining groups of fishes, feleosts and dipnoans,
represent independent lateral branches that have specialized
in accordance with certain definite lines and are consequently
not in the direct line of man’s ancestry. Such groups often
form collateral testimony of considerable morphological value
and are thus not without importance even in the present line
of speculation. The teleosts have an almost completely. ossi-
fied skeleton and are the descendants of the bony ganoids, with
which they are so closely connected through intermediate
forms that the separation between them is mainly an artificial
one.* They are essentially a modern group and constitute
the great majority of the fishes in the world to-day, thus
taking the place of the ganoids of earlier times. The dipnoi
are represented by but three forms, one found in Africa, one
in Australia and one in South America. They afe fresh-water
fishes and are remarkable for their power of sustaining long
periods of drought by digging into the mud, and breathing
air through a modified air-bladder. They were thus for-
merly considered the link between fishes and amphibians, but
later researches into their structure do not confirm this view.

As a matter of fact the amphibians seem to have come from
the ganoids, although by means of forms now lost, and to have
developed first into the Stegocephali, a group wholly extinct
but well represented by fossil remains occurring in and about
the coal deposits. These had many of the characteristics of
our modern amphibians, but possessed scales arranged
in definite rows, organs which are entirely lacking in all
living representatives of this Class, with the exception of the

* Although the employment of the two terms “ganoid” and “teleost”
is a convenient one in comparative anatomy, modern ichthyologists tend
strongly to the rejection of both terms and the fusion of the two groups
into a single one, the Teleostomi. Cf. Appendix.
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Gymnophiona, which still possess scale rudiments, not visible
externally. The Stegocephali are of extreme importance, since
they were the ancestors both of the present-day amphibians
and of the two main reptilian lines, and the survival of a single
representative would have been of priceless value to mor-
phologists. As it is, however, we are in possession of a large
number of fossil remains, many of them ‘extremely well pre-
served, and representing four distinct orders; and further dis-
covery along this line may well be expected at any time. Of
the soft parts the fossil imprints furnish but little evidence,
a lack which must be supplied by the study of the urodeles,
undoubtedly their nearest living allies and presumably not very
different in the essential internal features.

These latter animals, though not quite in the direct line
of human ancestry, are thus of the greatest importance as the
best representatives of what may be called the amphibian
stage. The urodeles comprise the tailed amphibians, their
most typical representatives being the forms known as sala-
manders and newts, also in many sections, unfortunately,
“lizards,” owing to their superficial resemblance to these
latter animals, The more primitive members of this group
are often large (10-40 cm.), and the giant Cryptobranchus of
Japan, the largest of all living amphibians, attains the length
of a meter.

The Anura, or tailless amphibians, include frogs, toads and
tree-toads, and attain their tailless condition in part by a
retrogressive development of the caudal region and in part
through the ‘excessive development of the ilia and the thigh
muscles, a feature connected with their jumping habits. The
Gymnophiona are blind subterranean forms, burrowing in the
earth like earth-worms, to which they bear considerable re-
semblance. They are much attenuated, are without external
limbs, and have their bodies clearly marked off into annular
segments. They occur only in the warmer parts of the world
and consist of but few forms.

Arising also from the Stegocephali come the reptiles, which
have apparently developed along two lines, the one leading to
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the birds, the other to the mammals. Of the first of these, the
oldest group is that of the Rhynchocephalia, mainly fossils,
but with a single living species, which fate has preserved in *
New Zealand, the Sphenodon (Hatteria). This represents
the ancestor of lizards and snakes, Lacertilia and Ophidia re-
spectively, and also a group of extinct reptilian giants, the
dinosaurs, whose nearest living allies are the crocodiles. Here
this line would have ended, so far as human knowledge is
concerned, had it not been for the chance discovery, about
the middle of the nineteenth century, of two specimens of one
of the most remarkable “missing links” ever found, the
Archeopteryx, a form midway between reptiles and birds, and
of undoubted affinity to the stem of the dinosaurs. This
creature was bird-like, possessed wings and a certain number
of contour feathers, but had a long vertebrated tail, several
free digits in the hand, furnished with curving claws, and a
heavy jaw containing conical teeth, reptilian in character. This
discovery, followed by that of the toothed birds, completed
the chain of evidence, and supplied one of the most isolated
groups of vertebrates with a definite line of ancestry.

The other line of reptiles, which may have arisen from the
Stegocephali more or less independently of the first, was that
beginning with the theromorphs, an extinct group, many of
which attained a gigantic size. Some members of this group
are so near the mammals in many particulars that it has been
only with the greatest care, and through the consideration of
all the available parts, that their reptilian nature has been de-
termined. In studying the remains of these forms, especially
those of the sub-group of theriodonts, the most of which were
small animals, like the earliest mammals, it seems impossible
not to assign them a close relationship to the latter, probably
that of actual ancestry. Indeed, there is at present but one
other claimant for that position, and that is the group of
Stegocephali, and as these were contemporary with the
theromorphs, and at one time probably graded into them
by imperceptible transitions, the two views are not very wide
apart. All things considered, it seems that the gap between
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Stegocephali and the mammals requires some intermediate
- link, and thus the addition of the theromorphs in this place
seems rather a completion than an opposition to the theory
of Stegocephalan ancestry.

The only living reptiles associated with the same branch as
the theromorphs are the turtles (Chelonia), which, although
highly specialized in the matter of trunk skeleton, are of the
greatest value in regard to their soft parts, which are un-
doubtedly similar to those of the extinct members of the
branch, and are thus the best living representatives of
the important stage between amphibians and the early
mammals,

The earliest mammalian remains are contemporary with
those of the theromorphs, and are those of small forms, like the
most mammalian of the reptilian remains. - These are ap-
parently nearly related to the monotremes, the lowest living
mammals, which are represented by two forms occurring in
Australia and New Zealand, the Duck-bill Platypus (Ornith-
orhynchus) and the spiny ant-eater (Echidna). The latter
has no connection with the true ant-eaters (Myrmecophagide)
of South America, which are placental mammals. The mono-
tremes are strongly reptilian in certain skeletal features; like
true reptiles and unlike all other mammals] they possess a
single terminal orifice, that of a common cloaca, into which
open the alimentary canal, the ureters and the genital
ducts; and they actually lay eggs, that is, very immature em-
bryos, surrounded by a thin, cornified shell. The mammary
glands, one of the essential characteristics of the class of mam-
mals, are seen here in a very simple condition. They consist of
two lateral groups of integumental glands, apparently of the
tubular type, which open separately in the bottom of an oval
depression, the mammary pocket. There are no teats, and
the young obtain the secretion either directly from the de-
pressions or by sucking at the hair in this region. 4

The next group above the monotremes are the marsupials,
with the exception of the opossum also confined to the Aus-
tralian region. As in the previous group, the young are born
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in an immature state, but are unprotected by an egg-shell, and
are matured in an external abdominal pouch (marsupium ) until
able to care for themselves. The relation between the mono-
tremes and the modern marsupials is hardly close enough to
justify an immediate succession, but suggests that each group,
as we now know it, has descended from more primitive an-
cestors that were thus related; that is, that the ancestor of
modern marsupials was a direct descendant of the ancestor of
the monotremes.

Beyond the marsupials all the mammals are placental, that
is, the embryos are retained for a longer time within the
uterus of the parent and are nourished by means of an organ
formed in part from the mucous membrane of the uterus and
in part from tissue furnished by the embryo but not included
within its body. This organ is termed the placenta and is
connected with the body of the embryo through an umbilical
cord. This cord contains fetal blood vessels which connect
proximally with the main circulatory system of the embryo
and develop distally into a system of capillaries that lie in villi
in the embryonal portion of the placenta, obtaining their
nourishment and effecting the interchange of respiratory gases
through osmotic transmission. There is thus no direct organic
continuity between mother and offspring, and neither nerves
nor blood vessels are continuous from one to the other. In-
deed, in the lower placental mammals the connection between
the maternal and embryonal portions of the placenta is very
loose and the two easily separate at birth, although in the
higher forms the connection becomes more intimate and the
separation takes place between the muscular and mucous coat
of the uterus, thus involving an actual loss of maternal
tissue.

The placental mammals, although their appearance was com-
paratively recent, geologically speaking, have specialized in all
directions, and now occupy almost every available environment,
not only of the land, but of the water. Some are fitted to
pursue and drag down large herbivorous animals, while others
feast upon dead bodies or suck the blood of the living after .
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. 'he manner of parasites. Many are specially adapted to the
" tapture of insects, either on or beneath the surface of the
ground, or on trees, and some have even developed the power
of flight by which they may follow their prey through the
air. The hosts of the vegetable feeders are as highly dif-
ferentiated and become specially adapted to feed either upon
low herbage or the leaves of trees, roots, bark or fruits, and
have even developed one group of oceanic forms, fitted to
browse upon the sea-weeds and other submerged vegetation.

These various lines of specialization, together with the usual
extinction of intermediate forms, have produced a series of
more or less isolated groups, or Orders, the interrelationships
of which have been deciphered in part by the labors of anat-
omists, in part by those of paleontologists, but are still more
or less uncertain. A suggestion of this is shown in the ac-
companying phylogenetic tree of mammals (Fig. 8.), which
takes into consideration both living and extinct groups, so
far as known.

The earliest: mammalian forms, of which we possess only
fragmentary remains, were more like the reptiles, and espe-
cially the theromorphs, than any now extant, but possessed
many of the characters of the monotremes, which may be con-
sidered their somewhat highly specialized descendants. To
this group has been given the name Pantotheria, and as the
ancestors of all the rest they may form the main trunk of
the phylogenetic tree. The monotremes are the nearest living
descendants, and they have been derived from them through
an ancient and closely related group, the Multituberculata.
All three of these groups were reptilian in structure, and may
be classed together and in contrast to all the other mammals,
as the Sub-class Prototheria.

While still primitive, however, the Pantotheria began to
differentiate along two lines, the one somewhat resembling the
marsupials, the other the insectivores, and thus early these
two lines of development became inaugurated. Eventually the
reptilian characters were dropped, and the animals, passing
over into the Sub-class Eutheria, or typical mammals, be-
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came respectively the Didelphia, or marsupials, and the Mono-
delphia, or placentals. The first of these lines then differ-
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Fic. 8. Phylogenetic tree of mammals.

A branch that terminates in an arrow point still possesses living representatives;
one that ends in a short cross bar is extinct,

entiated into the marsupialian Orders of the present time, dis-
tinguished mainly by variation in the dentition, and the second,
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which resembled the present-day Insectivora, passed over into
that Order. ’

This insectivorous stem, in addition to perfecting its own
type along the narrow lines first laid down, developed several
lines of differentiation, and it was from these that all the
higher placental mammals have arisen. A very primitive
stem is that of the Rodentia, of which the extinct group of
Tillodontic may have been the first; succeeded by the Du-
plicidentata or gnawing animals, like the rabbits, in which,
back of the two sharp upper incisors, there is a second re-
duced pair, and later by the Simplicidentata, like squirrels,
rats, mice, and beavers, in which the upper incisors consist
of a single pair.

The branch represented here as immediately above the last,
suggesting a little less primitive character, is that leading to
the group usually called the Edentata, and consisting of the
sloths, armadilloes, ant-eaters, besides several extinct forms,
such as the Megatherium, Megalonyx, and Glyptodon, the
first two like the sloths, the last like an armadillo. In the
more specialized of these there is a peculiar joint between
two of the vertebrz of the back, and they are called the Xenar-
thra in contrast to those in which this joint is normal, the No-
marthra. This group has always been exclusively American,
the living forms mainly South American.

From this same generalized group, the Insectivora, there
have developed two distinct lines of flying or soaring forms,
the Chiroptera or bats, and the Galeopithecus, a single species
found in Madagascar, but not nearly related to any of the
other stems.

By far the most prolific of the stems proceeding from the
Insectivora is that which started with the extinct group of
Creodonta.  These animals were at first small, generalized
mammais, scarcely distinguishable from the parent insecti-
vores, but they gradually took on special characters which
suggest the modern Carnivora, which are considered their
direct descendants, Before specializing along this line, how-
ever, some of them began to differentiate in several other di-
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rections and thus gave origin to the Primates, the Condy-
larthra, a generalized form of ungulate, and probably a line
of aquatic carnivorous forms, destined to become the most
erratic and singular of all mammals, the Cefacea, or whales
and porpoises. These earliest ancestors of divergent lines
were very much alike, and the early primate, carnivorous,
and hoofed forms, were all very generalized, and without the
differential characteristics that their descendants later de-
veloped. The most primitive of the Primates were a group
called the Mesodonta, of which the modern lemurs are the
most direct descendants. Very early, however, forms like the
modern monkeys, Anthropoidea, began to make their appear-
ance, forms in which the orbit was entirely separated from
the temporal fossa, and in which the dentition was the same
as in the monkeys of the Old World and in Man; and in these
we find the direct human ancestors.

The creodont stem developed, as stated above, the modern
Carnivora, including the cats, dogs, bears, and weasels, and
from this, at an early date, there probably arose a carnivorous
line that adapted itself to the sea. This is the Pinnipedia, or
those with fin-like feet, the seals, the walrus, sea-lion, etc.

The remaining stem, that of the Condylarthra, was per-
haps the most prolific of all in respect to the amount of vari-
ation, and the extent of modification, for it has produced the
Stirenia, aquatic forms, nearly as highly specialized as the
whale; the Proboscidia, or elephants, with an excessive modifi-
cation of the nose; and an enormous variety of animals
with a reduction of toes, the series reaching its absolute limit
in the horse, which has lost all the digits but one, this be-
coming greatly strengthened to serve the purpose of an en-
tire foot.

The original Condylarthra have long been extinct, as well
as the earlier derivatives, the Amblypoda, Ancylopoda, Taxe-
opoda, and Litopterna; but, fortunately, of all these there is
left a single solitary Genus, Procavia or Hyrax, for which
the Order Hyracoidea has been made. This is a little animal
of about the size of a rabbit; the one referred to in the King
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James Bible as the “coney.” It frequents Syria and the ad-
joining countries, and a related species is found in South
Africa; the sole survivors of the early ungulates.

The modern ungulate forms, aside from Hyrax, may be
represented by two stems, the one leading to the Proboscidea
and Sirenia, the other branching immediately into the Peris-
sodactyla, with an odd number of functional digits, and the
Artiodactyla, with an even number. The Proboscidea include
the two species of living elephants, besides several extinct
ones, like the mammuth, the mastodon, and the dinotherium,
and the Sirenia consist of two living genera of unwieldly
aquatic herbivores, the manatee or sea-cow, and the dugong,
which subsist on sea-weeds and consequently do not wander
far from the coasts. = The Perissodactyla include the three
lines represented by the tapir, the rhinoceros, and the horse;
and the Artiodactyla embrace the non-ruminant pigs and
hippopotami, and the almost numberless species of ruminants,
such as cattle, sheep, antelopes, and deer. Of these perhaps the
most distinct are the giraffes, and the Tylopoda, or camels.

In reviewing the two phylogenetic trees as given in Figs.
7 and 8, it will be seen that it is precisely those forms that
are the most needed to show the-interrelationships of groups
that have suffered the most from the extinction of their species,
which is but another way of expressing the fact that general-
ized and transition forms are not as well fitted for the struggle
for existence as are their more specialized and better adapted
descendants, and are hence often exterminated by the very
races which have developed from them. This extermination
tends to isolate the terminal groups and thus to disguise the
plan of development, as may be seen by reference to Fig. 7,
in which the distinction is shown between living and extinct
groups. The effect of extinction will here be shown if the
reader imagines the extinct groups completely blotted out,
which will leave the modern orders entirely cut off from one
another.

The same principle may be seen also in the second diagram,
the phylogenetic tree of mammals (Fig 8). Here the groups



40 HISTORY OF THE HUMAN DBODY

of the greatest importance in showing relationships are the
primitive Insectivora, the Mesodonta, the Condylarthra, and
the Creodonta, and although the existence of the first could
be surmised from their modern descendants, the discovery of
the fossil remains of the others were absolutely essential to
the reconstruction of the original relations between the three
great groups of primates, carnivores, and ungulates. It is
thus not surprising that the various orders of mammals have,
until recently, been treated like isolated groups, and that, even
yet, any scheme that may be offered must be looked upon as
provisional and liable to be modified by the bringing to light
of new evidence, especially that from paleontological sources.

It will be noticed that the branch leading to the Primates,
the order to which Man belongs, is represented in the dia-
gram as one of the shortest and least specialized, a presentation
which, although opposed to the prevailing opinion, is in strict
accord with the facts; since in anatomical structure these ani-
mals show comparatively little deviation from the primitive
mammalian type and do not exhibit the extreme specialization
displayed by the groups representing most of the other terminal
branches. Such aberrant orders as those of the bats, whales,
and horses, which have departed farthest from the original
mammalian environment, show in consequence the greatest
modifications and are thus the most specialized; certain other
groups, the peculiarities of which are not so striking, are still
greatly modified in comparison with the Primates. Thus the
majority of the ungulates show a reduction in the original
number of digits, the extremes resulting in either two, as in
the camels and deer, or one, as in the horse; but the Primates,
together with the rodents and modern insectivores, preserve
the original number of five, inherited directly from the am-
phibians and reptiles. The teeth of ungulates are character-
ized by a great complexity in the folding of the enamel layer,
and in the number and arrangement of the cusps; those of ro-
dents are specialized for the purpose of gnawing, and in the
Cetacea they are either secondarily reduced to the form of
simple cusps, all alike, or are lost altogether; the Primates,
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however, are very simply constructed in these particulars
and remain close to the lower type as shown: in the marsupials,
Primates are also primitive in their muscular system, pos-
sessing in many instances a single undifferentiated muscle-
mass where the members of other Orders show a complex
group of muscular units.

Aside from the adaptation of their extremities to an ar-
boreal life, the one line of development by which the Primates
have become differentiated is in that of their central nervous
system, and especially that of the cerebrum, which has given
them a far greater capacity for recording their sensory im-
pressions, and thus of profiting by experience, the basis for the
development of reason. It is chiefly in this respect that the
human species has developed so far beyond the condition of
the other Primates that the world has long, and perhaps will-
wngly, been deceived in regard to their true relationship. In
spite of all prejudice, however, man is, anatomically speak-
ing, a typical primate, closely related, even in many of the
smaller details, to the rest, and the only way in which he has
proved superior, through the excessive development of the
cerebral hemispheres, is not a modification calculated to pro-
duce important correlated changes in the other parts. Of
the two living Sub-orders, the Lemuroidea and the Anthro-
poidea, the former are the more primitive and more nearly
represent the generalized Mesodonta from which the race
sprung. In the completeness of the partition which separates
the orbital and temporal fosse, Man'is seen to be an Anthro-
poid; and in important characters, such as the reduction of
the premolars from three to two, he agrees with the Catarrhine
division of this Sub-order. If we employ the usual schedule
of values to be attached to points of structural difference, as
used for the purpose of classification, we cannot fairly place
him in a Family apart from the large tailless apes of the Old
World, and aside from this we have several intermediate
links, which the researches of the past few years have brought
to light, and which reduce even the slight gap formerly con-
sidered to be between them.
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The date of Man’s appearance on the earth has been pushed
back many thousands of years beyond what was formerly be-
lieved to be possible, and this has been absolutely proven by
the most indisputable facts. Crania of the present human type
have been discovered in Europe in association with the re-
mains of such extinct forms as the cave-bear and the hairy
mammuth, and numerous carvings and incised drawings have
been discovered in which the latter animal has been por-
trayed by an eye-witness and with much artistic ability. This
brings the present species, Homo sapiens, with proportions
like that of the modern European, back to the end of the last
glacial epoch, or, as some think, to a time contemporary
with it.

Aside from this, there have also been found, dating from
about the same period, remains of men, or man-like creatures,
of proportions unknown at the present time and constituting
a distinct species, Homo primigenius (H. neanderthalensis).
Such remains have been found at Spy in Belgium, in the
Neanderthal near Diisseldorf, at Cannstadt in Prussia, in
the bed of the river Liane near Boulogne-sur-mer, and in
other localities, the specimens all closely corresponding to one
another and equally unlike the present living species. The
forehead and cranium of the ‘ Neanderthal man,” as seen
from these specimens, was extremely low and flat, and the
superciliary ridges above the eyes were so heavy and promi-
nent that they formed together a pair of projecting arches
hung over the deep-set eyes. There was almost no chin. The
height was that of a rather small man; the arms were not
excessively long, but the thigh-bones were permanently curved
and the tibize were short, so that an absolutely erect position
was impossible. In spite of the general ape-like appearance
and the low character of the cranium, the actual capacity of
the latter was about that of a modern Australian, and the
presence of flint implements in association with the remains
show that this species could lay claim to being termed a man
although of a distinct type from the one that has survived.

The fossil remains of an animal, in many respects pre-
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cisely intermediate between Homo primigenius and the an-
thropoid apes, were discovered in Java in 1891 in deposits of
the late Tertiary period, and were named Pithecanthropus
erectus, the generic name, “ape-man,” having been proposed
some years before for the then hypothetical transition form, the
“missing link ” of popular fancy. These remains consist of
a cranium, a femur and three molar teeth, and although not
found in contact with one another, their relation to their
surroundings was such as to declare them the fragments of a
single skeleton.

In the cranium the ape-like characters seen in Homo primi-
genius are here still more pronounced; the cranial vault is still
lower, the superciliary ridges are still more prominent, closely
approximating those of a chimpanzee or gibbon. The pro-
portions of the teeth suggest a dental arcade intermediate be-
tween the fiattened form seen in man and the elongated arch
of the living anthropoids; the probable shape of the tongue .
and hard palate, as deduced from this, would seem to have
allowed the production of many of the more elementary sounds
occurring in human speech. An independent fact that corrob-
orates this conclusion was determined later when the con-
figuration of the brain surface was obtained by means of a
cast of the interior of the cranium, for here the center of
articulate speech (the left lower frontal convolution) was
found to have been more developed than in the highest apes
but considerably less so than in man.

The femur does not exhibit the transitional characters
which one would be led to expect from the nature of the
cranium, for it is essentially human in form and shows a
higher type than that of the European Homo primigenius.
Pithecanthropus must thus represent a parallel or collateral
form in which the development in the direction of an erect
position had reached a high plane while the cranium and
brain remained at a stage intermediate between the highest
apes and the Neanderthal man.

Concerning the ancestry of Pithecanthropus and its rela-
tionships to the apes the widest opinions still prevail, but the
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trend of opinion leads to the rejection of the four living an-
thropoids (gorilla, chimpanzee, orang and gibbon) as direct
ancestral forms. Owing to the modifications time is apt to
produce in animal species it seems more logical to expect to
find the connection in some extinct type, as, for example, the
European Dryopithecus of the middle Miocene. As the case
stands at present, however, there are few animal species con-~
cerning which so many of the intermediate links have been
preserved as in the case of man, and to the scientist the
“ missing-links,” the discovery of which would be of the
greatest importance, are not those representing intermediate
anthropoidal forms, but those lying in the far greater gaps
lower down, as, for example, between lemurs and primitive
insectivores, or between the Pantotheria and the theromorphs,
which would throw further light upon the reptilio-amphibian
ancestry of the Mammalia.

Naturally the phylogenetic stages which lie in the direct
line of human ancestry are of the most value as historical
records, and as such form the main subject of study for the
morphologist, but collateral lines furnish many helpful sug-
gestions, and in cases where a group of animals which repre-
sents an ancestral line has become wholly extinct, dependence

~must be placed upon the nearest related group, although not

directly in the line of descent. With this in mind it will be
seen from the foregoing that the phylogenetic stages of the
greatest value in the present discussion are the following:

. Amphioxus.

. Cylostomes.

. Selachians.

. Ganoids.

. Urodeles (as a substitute for the Stegocephali).

. Reptiles (preferably the chelonians, as the nearest living
allies of the theromorphs).

. Monotremes (the nearest living allies of the Pantotheria).

. Marsupials (probably not very near the direct line, but
suggestive of the conditions in the primitive Insec-
tivora).
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§l e ,é Insectivora (of the modern type, still quite primitive.
Wi The rodents are valuable here also as collateral lines,
descended from the primitive Insectivora).

[ {q Lemurs (practically modern Mesodonta, and hence repre-
e b~ senting fairly well the immediate ancestors of the anthro-

¥ poids).
,j\,rw‘*)“n. Cercopithecidoe (tailed monkeys of the Old World).
12. The. large tailless apes of the Old World (Gorilla, Chim-
panzee, Orang, Gibbon).
13. Pithecanthropus (extinct).
14. Homo primigenius (extinct).
15. Homo sapiens.

1

In this list an attempt has been made to enumerate only
living forms, specimens that are still available to the anatomist
for dissection and full comparison. In two cases, however,
13 and 14, this resolution was broken, owing to the vital
importance of these forms. It must also be remembered
that we possess at least a partial skeletal record of some of
the extinct groups that lie in the direct line of ancestry, and
that these records, although extremely fragmentary, are of the
utmost value. It will also be seen that these stages are not
those of codrdinate groups, but that they grade from Classes
to Orders, then to Families, and finally to Genera and Species;
this is, however, the natural manner of considering an an-
cestry, for the early stages are the less detailed and are ex-
pressed equally well by all the members of a large group,
while the finishing touches, which separate genera from ge-
nera and species from species, consist of slight “differences,
more recent and superficial in character.

A similar gradation is seen in the developmental history,
as studied in comparative embryology, in which the earliest
features laid down are those of the main subdivisions; then
come in succession those of the Class, the Order, the Family,
and so on until the distinguishing characters of the Species
make their appearance, the latter usually not fully expressed
until maturity,

The truth of this actual recapitulation of the history became
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apparent to the early morphologists, one of the greatest of
whom thus expressed his feelings while gradually tracing back
from the adult condition the developmental history of the
skull of the common fowl: “ Whilst at work I seemed to
myself to have been endeavoring to decipher a palimpsest, and
not one erased and written upon again just once, but five or
six times over. Having erased, as it were, the characters of
the culminating type,—that of the gaudy Indian bird,—I
seemed to be among the sombre Grouse; and then, towards
the end of incubation, the characters of the Sand-grouse and
Hemipod stood out before me. Rubbing these away, in my
downward work, the form of the Tinamou looked me in the
face; then the aberrant Ostrich seemed to be described in
large archaic characters; a little while, and these faded into
what could just be read off as pertaining to the sea-turtle;
whilst, underlying the whole, the Fish in its simplest Myxinoid
form could be traced in morphological hieroglyphics.” *

In following out the historical development of the different
systems, as outlined in the ensuing chapters, both embryonic
and phylogenetic records have been drawn upon as the primary
sources from which this history may be deduced, and the
conclusions which have the corroboration of both may be
naturally considered the most trustworthy ones. Each of these
two records has its advantages and its disadvantages; in the
former the stages are continuous, although the early ones are
obscure, and all.parts-of the record are apt to be overlaid and
mystified by caenogenetic changes; in the latter the record is far
more fragmentary and its stages are discontinuous, but the
facts are usually plainer and more easily read. An adult lower
animal which represents a phylogenetic stage in the history of
a higher shows the parts in- full physiological efficiency, while
in an embryonic stage the organs are at the best not wholly
functional, and often render it difficult to imagine an adult
animal with the same relationship of parts; on the other hand,
in places where a long historic period has no known living or

*W. K. Parker, in Trans. Roy. Philos. Soc, 1869, pp. 803-804.
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(ossil representative among adult animals, the only clew is
that furnished by embryology. It will be seen that in a few
cases, notably in the history of the transition from fins to
walking limbs between fishes and amphibians, both records are
unsatisfactory, and in such cases the only hope of a definite
solution lies in the future discovery of some extinct form which
may bridge the gap and thus furnish a clew by which the two
discontinuous threads may be united.



CHAPTER III

THE ONTOGENESIS OF VERTEBRATES

&«

the embryological record, as it is usually
presented to us, is both imperfect and misleading. It
may be compared to an ancient manuscript, with many
of the sheets lost, others displaced, and with spurious
passages interpolated by a later hand. . . . Like -
the scholar with his manuscript, the embryologist has
by a process of careful and critical examination to
determine where the gaps are present, to detect the
later insertions, and to place in order what has been
misplaced.”

Francis BALFour, Comparative Embryology.
Vol NI pie 3.

Wit the exception of a few cases of asexual reproduction,
that is, cases in which an individual arises from a single parent,
every multicellular organism results from a conjugation be-
tween a macro- and a micro-gamete. These are called the.
ovum and spermatozoon, respectively, and are the product of
two distinct parent individuals. Precisely the same phenome-
non occurs frequently among colonial unicellular organisms,
where an entire colony produces gametes of only one sort,
~and in this case the distinction between such a colony and
the mass of cells which constitute the body of a simple
Metazoan is extremely slight and depends solely upon the
amount of differentiation between the individual cells and the
consequent degree of mutual interdependence attained. In
both cases the cell mass, aside from the gametes, constitutes a
soma, composed in the one case of homogenous, in the other
of heterogenous, cells. The soma, or cell colony, is perishable
and restricted to a definite time of existence; the gametes by
their conjugation produce zygotes,.each of which, by its re-
peated division, may form a new soma, that is, the colony, or
the individual, of the succeeding generation.

48
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Among multicellular organisms, the gametes are produced
in definite organs, the gomads, or germ-glands, which pro-
cluce but a single sort of gamete, either macro-gametes (ova)
or micro-gametes (spermatozoa). Those glands are termed
respectively ovaries and testes, and may occur in the same or
in different individuals. In the latter case the individuals
are said to be of separate sexes and are termed male and fe-
male, the former secreting the micro-, the latter the macro-
gametes. Individuals possessing both sorts of gonads are
termed hermaphroditic or bisexual, but owing to the fact
that usually the two sorts of organs are functionally active
at different times, the organisms are seldom functionally bi-
sexual, but alternately male and female.” Such hermaphroditic
forms are frequent among invertebrates, and occur regularly
in certain classes, but in vertebrates they are. found only
among the Cyclostomes (Myxinoids), although in all cases the
curious homology between the parts in the two sexes (Cf.
Chap. VIII) suggests that the phenomenon may have been
widespread or even universal among the ancestors of modern
vertebrates.

In most aquatic animals the gametes are liberated in the
water and conjugation takes place without any act on the
part of the parents, through the motor action of the micro-
gametes themselves, exactly as in Protozoa; in terrestrial
forms, however, since the gametes need a liquid medium, this
latter is supplied by glands, and the seminal fluid of the male,
in which the micro-gametes swim actively, is conveyed to the
female by some form of copulation.

Since the superficial phenomena are so obvious that they are
universally recognized without technical study, while the es-
sential details require for their detection the care and patience
of an experienced microscopist, and since especially the
parallel phenomena occurring among the Protozoa have re-
mained unknown until within comparatively recent years, it
may be easily comprehended that the terms in common use
relative to these phenomena fail to express the underlying bio-
logical principles and are not of universal applicability. Thus
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the micro-gametes, first discovered in the seminal fluid of
mammals,* were termed spermato-zoa, or sperm animals, a
term expressing the view held at that time that they were
parasitic or adventitious organisms occurring in a fertilizing
or quickening fluid, and from this the act of mixing the
spermatic fluid with the ova was termed fertilization. This term
is now applied technically to the entrance of the spermatozoon

Fic. 9. Earliest stages of Metazoan development.

The upper row represents the egg of Sycandra, a calcareous sponge [after F. E.
ScHuLzE]; the lower row represents that of the rabbit [after Biscuorr]. In the
rabbit the egg is surrounded by a thick capsule, the zona pellucida. The egg of the
sponge is without this and floats freely in the water.

into the ovum, i. e., to the union of the two gametes, and is
thus synonymous with conjugation, when applied to Metazoa.
Furthermore, since, in the majority of cases, the bulk of the
ovum so far exceeds that of the spermatozodn that the latter
appears to be lost in the process, the term ovumn, or egg, is com-
monly used to designate not only the macro-gamete (the un-
fertilized egg), but also the double cell resulting from the
conjugation (the fertilized egg), a use of terms which neces-
sitates constant watchfulness in order to guard against con-
fusion. Ovum and spermatozodn, the macro- and micro-ga-

* Discovered in 1677 by Ludwig Hamm, a pupil of Leeuwenhoek.
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metes respectively of a conjugation, are essentially Protozoa,
and thus the first stage in the development of multicellular
animals is an historic repetition representing the first and
simplest of organisms. The spermatozoén with its motor
organ still retains its protozoan character even in the highest
of the vertebrates, but the ovum, loaded down with yolk,
bears for the most part little resemblance to an active or-
ganism. Even here, however, in certain sponges and hydroid
polyps, a more primitive form of ovum is still preserved, for
it is here ameeboid in form and possesses functional pseudo-
podia, being often impossible to distinguish from genuine
Ameebz, the simplest of Protozoa. This is a good illustration
of Rule V of ontogenesis as given in the previous chapter, since
it is to be expected that here, among the lowest and simplest
of the Metazoa, the early stages would receive the fullest
attention in the ontogenetic recapitulation.

In size ova vary greatly, but the difference is due mainly
to the actual amount of food stuff, or yolk, which is required
in each case: this in turn is proportional, not to the size of
the adult animal, but to the degree of maturity at which it is
most advantageous for the young animal to begin its free
existence. Some animals produce a few very large eggs and
thus use up their reproductive energy in developing yolk;
others produce large quantities of tiny eggs which will develop
into innumerable minute larve. Both extremes and all in-
termediate grades are the result of adaptation to the various
conditions that surround the different organisms and thus
regulate the size of the egg, as well as the size and shape of
the parts in the adult. Thus, for example, the ova of jelly-
fish, earth-worms, many molluscs, star-fish, and most mam-
mals, are very small, almost microscopic; those of insects,
crustaceans and fishes are usually of an appreciable size, those
of frogs and of certain fish are still larger, while the eggs of
reptiles and birds are enormous, those of the latter having
reached the extreme limit relative to the size of the parent.

In the eggs of placental mammals, which are practically
yolkless, there is no great difference in actual size between
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such extremes as those of the elephant and the mouse; in
the birds, on the other hand, the true egg, 7. e., the yellow
sphere usually termed the “yolk,” is approximately propor-
tionate to the size of the parent. This difference is due to
the fact that in mammals the egg is little more than the first
cell of the new individual, since the food supply comes en-
tirely from outside sources, while in birds the food is placed
wholly within the egg and is the only source available to the
young bird.

The spermatozodn, never having yolk to give it bulk, is al-
ways small, usually far beyond the limits of the unaided eye.
Its form is typically that of an oval cell-body or “head”
to which is attached a locomotive flagellum, which may at-
tain an appreciable dimension in respect to length, but is al-
ways extremely delicate.

When the seminal fluid and the ova are brought together
there is always a vast excess of spermatozoa, and in cases in
which direct observation has been possible, as in aquatic forms,
in which the mingling of the elements occurs freely in the
water, the eggs are seen to be assailed by dozens of active
spermatozoa, each endeavoring to effect an entrance. To
permit the entrance of one and only one of the entire number,
several devices are made use of by the eggs of various species;
one of these is the encasement of the entire ovum in a shell,
in which there is a single minute opening, the micropyle,
through which a single spermatozodn enters and in so doing
effectually blocks the way for all successors. In other cases
the entrance of a spermatozodn seems to cause some chemical
or physical change which renders the egg substance impervious
to the other male cells or incompatible with their continued ex-
istence. In the eggs of echinoderms (star-fish, sea-urchins,
etc.) the stimulus of an entering spermatozodn causes the imi-
mediate formation of an external membrane which effectually
prevents any farther entrance. In mammals it is probable
that the zona radiata proves an impassable barrier to all sper-
matozoa except those that approach it in a direction perpen-
dicular to its surface, thus greatly reducing the number that
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ire in condition to enter the egg. It is also likely that here,
is in many other cases, several spermatozoa may actually
enter the egg substance, but that all except one are simply
added to the yolk and serve as food.*

The spermatozodn, after the entrance into the egg is once
effected, drops its locomotor apparatus and becomes merely
a nucleus, which fuses with the one belonging to the egg, a
procedure similar to conjugation in the Protozoa. The egg
cell thus becomes furnished with a fusion-nucleus, and may
be considered from now on the first cell of a new organism.
From it arise all the cells of the developing animal through
the process of fission, and, since a division of the nucleus al-
ways precedes the division of the cell, it follows that this
fusion-nucleus is in the same way the primary one from which
all later nuclei are to be derived. Since now, as has been shown
by direct observation, this fusion-nucleus becomes divided
in such a way as to effect an exactly equal division of both
maternal and paternal components, and since the process has
been found to continue as far as the investigators have been
able to follow it, it is extremely probable that the nucleus of
each and every cell of the adult organism contains an element
derived from each: of its parents.

Herein lies @ material basis for the phenomena of heredity,
and it thus becomes evident that all hereditary traits and char-
acters are perpetuated through the direct transmission and
growth of a bit of material furnished by each parent and
handed down to each cell of the organism. Although this is
still the mystery of mysteries to the biologist, the careful study
of the past twenty or thirty years, directed upon this very
point, has revealed much, but in so doing has added more

* Until 1875 it was generally supposed that more than one sperma-
tozooén took part in the fertilization of an egg. The true facts in the
case were first determined by observation, and later proven by direct
experiment. Polyspermy, or the introduction into the egg of more than
one spermatozodn, has been experimentally brought about in the eggs of
various marine animals by such methods as the application of heat and
cold or the use of poisons, and in all cases the resulting development has
been abnormal.
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that is still unknown. It has shown the nucleus to be a mi-
crocosm of extraordinary complexity, and has opened up a
new world, the very existence of which has until lately re-
mained unsuspected.

What seems to be the essential element of all nuclei, found
alike in plants and animals, is a substance which, from its
extreme susceptibility to staining fluids when artifically treated
for purposes of microscopic examination, has been designated
by the non-committal term of chromatin. During functional

1

Fic. 10. Diagrams representing normal mitosis.
In I the nucleus is “ resting”’; the centrosome is seen by its side, In II the
spireme appears, which in IIT becomes separated into chromosomes. In IV the
centrosomes have become placed at opposite poles, while the chromosomes form
an equatorial plate midway between them. Each chromosome divides longitudinally
in V, and in VI and VII becomes drawn to the two opposite poles. In VIII the
cell divides into two.
activity this substance is diffused throughout the nucleus in
little, irregular masses, but assumes the form of a continuous
thread or chain preparatory to a cell division, and eventually
becomes separated into a definite number of equal bodies, the
chromosomes.  The number of these found in any somatic
cell of a given species of animal is always the same for that
species, but may be different in an allied species, and the num-
ber seems to bear no reference to the size or the degree of
complexity of the animal. For instance, the number four oc-

curs in Ascaris, the pin-worm, eight in certain nematode
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worms, twelve in the mole-cricket, and sixteen in a water
beetle, the rat and Man, as well as in the pine and the
onion. Cyclops, a minute crustacean, possesses twenty-four,
as do also the frog, mouse, snail, lily and a fern (Osmunda).
The earth-worm has thirty-two chromosomes, the torpedo thir-
ty-six, and Ariemia, a small shrimp, the unusual number of
168. Whenever a cell divides in a growing or proliferating
tissue, the maintenance of the same number of chromosomes
in each of the two resulting cells is effected by means of a
complex mechanism of minute threads, radiating from two
opposite centers, which results in the separation of each in-
dividual chromosome into equal halves, thus assuring for each
daughter cell, not merely the same number of chromosomes,
but halves of the same ones. This process is known as mito-
sis or karyokinesis.

To the general rule concerning the constancy in the num-
ber of the chromosomes, there is, however, one very important
exception, and that is, in the germ cells, that become the
gametes i a conjugation, the starting point of a new organ-
ism. Here, owing to a difference in their mode of formation,
the number of chromosomes in a given species is exactly one-
half of that characteristic of the somatic cells of the same
species, and it is only by the fusion. of the two gametes, ovum
and spermatozoén, that the normal somatic number is re-
stored. This reduction of the number of chromosomes is
brought about through an extremely complex process, the es-
sentials of which are: first, the formation of certain germ-cells,
spermatogonium or oégonium, which develop twice the normal
number of chromosomes, and, secondly, two successive divi-
sions of the cells, and of the number of chromosomes also, by
means of which four cells are produced, ‘each with one-half
the normal number. In the case of the male cells each of the
four is effective, and, through a metamorphosis in its form,
becomes a functional spermatozodn; but in the case of the
female, owing to the disadvantages which would arise from
the division of the yolk into four ova of equal size, one of
them retains it all and becomes a functional ovum while the
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others become yolkless, abortive, eggs, attached to the ovum
and called polar globules. Owing to the enormous disparity
in size between the abortive and the functional ova the divi-
sions of the odgonium by which they are formed were for a
long time not recognized as true cell divisions, but the polar
globules were spoken of as extruded or cast off from the

v vi Vil Vi

Fic. 11. Diagram of fertilization.

Stage I represents the egg just previous to maturation. The chromosomes, ar-
ranged in tetrads, are twice the number found in somatic cells, which, in this dia-
gram is assumed to be 12. At II a mitotic figure is formed, which, in III, resuits
in the formation of two cells; a little one, the first polar globule, @, and the egg,
each with a reduced number of chromosomes, in this case 1z. In IV and V a
second mitotic figure is formed, which results in the expulsion of a second polar
globule, b, and the reduction of the chromosomes of the egg nucleus to six, one-
half the normal number., Meanwhile a spermatozoon head has entered the egg, com-
posed mainly of chromatin, the equivalent of the six chromosomes of the reduced egg
nucleus, and a new centrosome, to treplace that of the egg which was destroyed during
the expulsion of the second polar globule. The spermatozoon head rotates through
180°, thus bringing the centrosome between the male and female germ nuclei, as
in VI. The first cleavage spindle is seen forming in VII and VIII, after which
the cell divides into two and development begins.

“egg,” terms which express the phenomena as observed, but
mask their true biological significance.

Usually, owing probably to the rudimentary condition of
the polar globules and their lack of function, the globule
formed by the first of the two reductive divisions, and hence
the equivalent of the definite ovum plus one abortive egg,
does not carry through its division into two, but remains as
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a single mass, and is spoken of as the “first polar globule ”
in distinction from that resulting from the second division,
which is termed the ““second.” Strictly speaking, the first
and second polar globules are not equivalent, but the first is
the equivalent of two abortive eggs and the second of but
one; and corresponding to this the first polar globule pos-
sesses twice the number of chromosomes exhibited by
either the second globule or the functional egg. Furthermore
the two polar globules are frequently not extruded until after

“the entrance of the spermatozodn, the presence of which seems
to act as a stimulus for these cell divisions, - In these cases,
fhe unfertilized *“egg ” is, strictly speaking, not the ovum,
but the o6gonium, which requires the two reductiye divisions
to become the equivalent of the spermatozoén.

To illustrate this by an actual example, let us suppose an
animal that possesses in each somatic cell sixteen chromosomes.
The spermatogonium would thus possess thirty-two which, by
the reductive divisions, would result in the formation of four
spermatozoa, each with eight. Similarly the o6gonium would
possess thirty-two chromosomes, a number which would be
reduced to sixteen by the expulsion of the first polar globule,
the latter body having the like number. The second reductive
division would result in the formation of a second polar body
with eight chromosomes, and would leave eight in the egg.
This number, when added to the same amount introduced by
the spermatozoén, restores the normal number, sixteen, and
thus forms the first cell of the new organism, equipped with
the regular somatic number, one-half from either parent.

In this is seen a provision for avoiding that enormous in-
crease in the number of chromosomes that otherwise must be
the inevitable result of each conjugation. Furthermore, when
taken in connection with the fundamental law of heredity that
in the long run the two parents are equally potent in trans-
mitting their characteristics to their offspring and that neither
sex has the preponderance of influence in this direction, it is
seen that the hereditary substance must lie in the chromosomes
alone, since these are the only elements in which both parents
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are equally represented. Neither the preponderating bulk of
the ovum (macro-gamete) nor the flagellum and other loco-
motor apparatus of the spermatozotn (micro-gamete) are
of any significance in hereditary transmission, but are mere
adaptive characters, of provisional functional importance, and
without influence in directing the development of the new or-
ganism; while the chromosomes, to effect the union and equal
division of which the other parts have been developed, form
the true germ-plasm, transmitted in direct continuity from both
parents and entering every cell as it develops, directing both
the architectural plan which these cells assume and also their
gradual differentiation into the tissues which form the adult
soma of the succeeding generation,

In this ““ Continuity of the germ-plasm” is found the ma-
terial basis also for the recapitulation theory, the law of
biogenesis explained in the first chapter; for the continuously
living chromatin, which pervades each cell of an organism,
has in its own existence actually experienced all the somatic
modifications of its entire past history, traces of which it
must retain in some form of structural expression, enabling it
to control the development of the soma during every stage of
its existence. How this is effected is far beyond our present
means of observation, and perhaps of experiment, but the re-
sults presuppose an inconceivably complex structure in the
chromatin in order to render such results possible.

The first stage in the development of all Metazoa,. that of
the fertilized ovum or zygote, is followed, in most cases imme-
diately after fertilization, by a succession of cell-divisions, or
cleavages, as they are here termed, which, in typical cases, fol-
low a general geometrical plan and result in the formation of a
mass of cells that shape themselves into a definite embryological
stage, that of the blastula. As the various geometrical forms
assumed by the cells during the cleavage stages are all rep-
resented among colonial one-celled organisms, so there are
also a few such that, in the arrangement of their cells, closely
resemble the blastula. In this stage the cells form a hollow
sphere, one cell in thickness, and in cases in which the blastula

V)
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loats freely in the water, as in that of many of the inverte-
yrates, each cell is provided with long vibratile flagella, by
which the colony is moved. This larval form is closely imi-
tated by such an organism as Volvox, which is usually reck-
oned as a plant, but serves to show a physiologically functional
adult organism in the corresponding stage. The folding in,
or collapse of one portion of the blastula, as in the diagram,

I II TII v

Fic. 12. Early Metazoan development; typical. [After models of Am-
phioxus by HATSCHEK.]

I, the egg. 1II, III, and IV, cleavage stages. V and VI, blastula: in VI, which
represents a somewhat older stage than V; one-half has been removed. VII repre-
sents the beginning of the gastrular invagation, and VIII is the completed gastrula,
both sectioned as in VI.

produces a two-layered cup which forms the next important
ontogenetic stage, the gastrula, and in attaining this the
embryo passes beyond the Protozoa in its imitative repetition
and assumes the essential form of the simplest of the Metazoa,
the Ceelenterata. A typical gastrula is radiate in structure, and
possesses a central axis with two poles, oral and apical, the
former characterized by the presence of the gastrula mouth
or protostome. This latter leads into the large central cavity,
the gastrocale, which has developed from the exterior at the
expense of the cavity of the blastula, the blastocale. In some

|
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gastrulae this latter cavity is completely obliterated by the com-
pletion of the process of invagination, but often remains as a
space between the two layers, the ectoderm and endoderm.

When this type is completed and becomes an adult animal
it often assumes a considerable complexity of structure but
never gets far away from the original plan and does not de-
velop more than the two primary layers. The fresh-water
hydra is an example of one of the simplest coelenterates or
gastrula animals, and the coral polyps and m eduse represent
the more-complex ones. In fone of these does a blastoccele
appear, in the simpler forms ectoderm and endoderm are
everywhere in contact, and in the more complex medusz the
space between them is filled by a gelatinous tissue developed
from the other layers, and termed mesenchyme®

Up to this point the course of development is the same for
all Metazoa, allowing for the adaptive modifications always
met. with in the application of a general plan to a group of
organisms.

From this point on, however, there is a divergence in
the course of development, and the various branches of the
higher Metazoa proceed along different paths, yet all de-
velop, although through different means, the three following
attributes, which differentiate them from the lower Metazoa,
the Ccelenterata :

1. The formation of a third germn element, the mesoderm,
situated between ectoderm and endoderm.

2. The formation of a new cavity or system of cavities, the
metacale, lined wholly by the mesoderm.

3. The attainment of a new body axis, and a bilateral, in-
stead. of a radiate, symmetry.

Omitting all further reference to the other branches, it ap-
pears that in the branch leading to the vertebrates the gas-

* This is carefully to be distinguished from the mesoderm, or middle
layer, which appears first in animals above the ccelenterates and is always
in the form of a definite layer. The mesenchyme never appears as a
layer, but its cells serve to fill in the spaces between the true germ layers,

and the structures formed from this source are thus determined by the
form of the surrounding tissues.
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t-ula assumes the form and position shown in Fig. 13, b, in

which it becomes placed horizontally, with the apical pole for-
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F16. 13. Diagrams of gastrule. [Based on models of Amphioxrus by

HATscHEK. ]

(a) Typical gastrula, as in Fig. 12, VIII, but differently placed, for comparison
with the others. (b) Early gastrula of Amphioxus, a probable ancestor of the
vertebrates. (c) Later embryo of the same.

xy, primary axis, 4. e., that of the gastrula; ab, secondary axis, that of the adult
Amphioxus; cn, neural canal; cnme, neurenteric canal; np, neuropore; ntc, notochord.

ward and the protostome posterior and dorsal and in the
median line. The plan of structure is a bilateral one, with

R
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dorsal, ventral and two lateral aspects. If this metamorphosis
has any biogenetic value, that is, if it is indicative of a genu-
ine historic stage in the phylogeny of vertebrates, it suggests
an ancestral gastrula that sank to the bottom, lay upon its
side and exchanged a free swimming for a crawling mode of
locomotion, apical pole forward. Such an hypothetical form
as this corresponds, however, to nothing known at the present
time, but may well have disappeared without trace, since a
similar fate has happened to the tramsition forms linking =
the vertebrates to the other Metazoa, leaving the group un-
usually isolated. [See Chapter XII.]

There now occur several simultaneous changes which inau- =
gurate the essential vertebrate structure and are best explained =
by the help of the accompanying diagrams. [Plates I. and
II.] The gastrula has now become considerably elongated in
the direction of the newly acquired secondary axis and is rep-
resented as cut transversely across, the diagram representing
the posterior portion and showing the cross-section as well as
a portion of the length. The most superficial of these changes
involves a longitudinal mid-dorsal stripe, which becomes grad-
ually turned in, forming a trough. Through the fusion in the
median line of the edges of the trough, the turned-in portion
becomes a tube, which ultimately frees itself from its attach-
ment to the rest of the ectoderm, and forms the neural tube,
the anlage* of the nervous system. The walls of this tube, by
an excessive thickening of certain definite portions, become the
brain and spinal cord, and the lumen is perpetuated as the ven-
tricles of the brain and the canalis centralis of the cord, the
embryonal communication between these cavities being re-
tained throughout life.

A somewhat similar structure, also median, arises from the
dorsal wall of the endoderm. This appears at first as an in-
verted trough, and possesses a narrow lumen, but it eventually

*The word Anlage is borrowed from the German to express a concep-
tion for which there is no English equivalent. It signifies the first visible
indication of a part that appears in the embryo, and may thus signify
either a definite cell-mass or a slight change in the arrangement of cells.
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Prate I. Diagrams showing Vertebrate development, ex-
plained in the text; stages I and II. Based upon a stereogram by
KINGSLEY.




Prate II. Diagrams showing Vertebrate development;
stages II1T and IV. Based upon a stereogram by KINGSLEY.
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becomes pinched off from its place of origin, not as a tube,
. but as a solid rod of cells, the notochord, which forms the
precursor of the vertebral column,
- | A third procedure, more complicated than the other two, is
that involved in the formation of the mesoderm. Like the
notochord, this arises also from the endoderm, and appears
typically in the form of paired, lateral pockets, the mesodermic
| diverticula. There is reason to suppose that originally, that
| is, in certain of the lost forms between the creeping gastrula

0 and Amphioxus, these diverticula were used as gonads, or

sac-like cavities, in the lining of which the germ cells were
developed, but in the vertebrates this function is retained by
but a very small portion of their surface, as will be shown
later. These diverticula soon separate themselves from the
intestine and expand until they fill practically the entire space
between ectoderm and endoderm and lie in close contact to
one another. They thus form a ‘series of paired cavities, the
metacales, those of each side separated by transverse par-
titions composed of the walls of adjacent diverticula, and
those of the two lateral series similarly separated by longi-
tudinal partitions which lie in the median line above and be-
low the intestine. The early loss of the transverse partitions
converts the segmental series of lateral cavities into a single
pair, one for each side, while a similar reduction of the greater
portion of the ventral longitudinal partition throws the two
cavities together and forms eventually a single large metaccele
or body cavity, lined by the mesoderm. One layer of this
invests the outer body wall, the other the intestine, the parie-
tal and wisceral layers respectively. The longitudinal parti-
tions, both dorsal and ventral, serve as suspensory ligaments
in the intestine and are termed mesenteries. The dorsal one
is retained throughout its entire extent; the ventral one disap-
pears posterior to the liver. It will be noticed that the meso-
dermic diverticula during their development have expanded
at the expense of the protoccele, the original cavity included
between ectoderm and endoderm, and thus at the completion
of the process the protoccele has become reduced to a com-



64 HISTORY OF THE HUMAN BODY

'
s

plicated system of narrow spaces lying everywhere between
the other layers. The protoccele is thus called the primary
and the metaccele the secondary body-cavity, and it is this
latter, the one lined by the mesoderm and included between its
two layers, that forms the permanent body-cavity of verte-

F1c. 14. Diagrammatic cross sections through vertebrate embryos, based
upon the conditions found in selachians. [Modified, after van WiyHE.]

(a) Earlier stage, in which the three parts of the mesodermic diverticula are
still continuous. (b) Later stage, in which the epimeres of the mesodermic di-
verticula have separated from the meso-hypomeres and form a continuous layer
around the body, interrupted only at the mid-dorsal and the mid-ventral lines.

In all the figures the ectoderm is represented by square cells, the endoderm by
ctossing diagonal lines, the mesoderm by solid black, the mesenchyme by dots.
1, epimere; 1I, mesomere; III, hypomere; a, aorta; g, gonad; ¢, intestine; m, myo-
tome of epimere; mc, metaccele (the definite ccelom); n, nerve cord; nc, notochord;
nph, nephridium; sk, sklerotome, the anlage of the axial skeleton; w, protonephrotic
duct (Wolffian duct). )

brates, the so-called calom or pleuro-peritoneal cavity. The
narrowed spaces of the protoccele become filled with embry-
onal connective tissue cells, the mesenchyme, which never as-
sume the form of a definite layer, and are produced by pro-
liferation from the mesoderm, and perhaps from the cther
two as well. Canals are left here and there which in time
are built up into a continuous system of vessels, with walls of
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connective tissue, and form the vascular system (blood-vessels
¢nd Iymphatics), -

The arrangement of the various embryonic elements at this
point is shown in the accompanying diagrams based upon
selachian embryos, and exhibiting the actual proportions as
they exist in a rather primitive vertebrate. [Fig. 14.] The
general arrangement of parts in an adult dog-fish is not ma-
terially different from the last of these. Through the forma-
tion of a restricted middle area, the mesodermic diverticula
become divided into dorsal, middle and ventral portions, the
epimere, mesomere and hypomere respectively, each with a
distinct, separate history.

The epimere, the inner wall of which becomes greatly thick-
ened, eventually cuts itself off from the remaining: meso-hypo-
mere, and expands both dorsally and ventrally between the
latter and the ectoderm until it meets the opposite one in the
mid-dorsal and mid-ventral lines, separated only by thin strips

of connective tissue. From the thickened inner wall of this

develop the voluntary muscles of the body, the segmentation
of which is retained among the fishes throughout the greater
part of the body, and still appears in unmistakable traces
among the highest forms. The mid-ventral connective tissue
partition separating the muscle masses of the two sides be-
comes the linea alba, a conspicuous white line, which persists
in all vertebrates. The cavity of the epimere becomes sup-
pressed by the growth of the inner wall and thus comes to
nothing.

The consecutive meso-hypomeres soon lose thelr independ-
ence through the breaking down of the transverse partitions,
as described above, but the metameric repetition found among
the parts derived from them continues to suggest their origin
as separate diverticula. From the narrowed mesomere there
arise the essential organs of the urogenital system, many parts
of which retain throughout life the indications of a segmental
origin. The cavities of the mesomere become those of the
systems derived from it.

The hypomeres, fused into a single bag or sac, form the

Y
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definite ccelom, or pleuro-peritoneal cavity, of which they fur-
nish the lining membrane, the peritonewm. The outer layer

(parietal mesoderm) lines the body wall; the inner (visceral

mesoderm) invests the primary intestine and, later on, its
derivative organs, as lungs, pancreas and liver. In all ex-
cept mammals the membrane is a continuous one, but here,
through the formation of the diaphragm and the consequent
setting apart of a separate thoracic cavity, the portion thus
cut off is treated as a distinct membrane and called the pleura.

Although the above sketch represents the underlying plan
upon which the development of all vertebrates is based, it is
not found in an unmodified condition save in the lowest classes.
It is most typically represented in the development of Am-
phioxus, for which the foregoing description, save in a few
points, might well be used; in the selachians, also, the modi-
fications are not very great and the plan may be easily traced.
In the amphibians, however, the plan is so much obscured,
especially in its earlier stages, that for a long time, during the
early history of the science of embryology, the homologies
were not recognized. These modifications become still greater
in the Sauropsida and Mammalia, in which, without the help
of the amphibians, which here, as elsewhere, form a valuable
connecting link, the recognition of the early stages would be
hardly possible. The principal disturbing factor, at least in
amphibians and the sauropsida, is the presence of increasingly
greater quantities of yolk, which presents numerous mechan-
ical problems, and its influence is felt with equal emphasis in
the case of placental Mammals, where the egg, although yolk-
less, has evidently become so through a secondary reduction
and still follows in its development that of the yolk-filled eggs
of the Sauropsidan type.

One of the most important modifications in the develop-
mental history of the higher classes concerns the appearance
and subsequent development of the mesoderm and the forma-
tion of the definite ccelom. In Amphiorus the pairs of di-
verticula arise in quite typical fashion from the sides of the
primitive intestine, and this procedure is almost as easily

i
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recognized in the case of the selachians. The amphibians show
considerable modification, and these are the last in the ascend-
ing scale in which the diverticula are provided from the first
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F16. 15. Four cross-sections of vertebrate embryos sho{aving develop-
ment of the mesoderm.

(a), Amphiorus [after Harscuek]; (b) Triton (a salamander) [after HErt-
wic]; (¢) bird, diagrammatic; (d) mole [after HEapE].

k, ectoderm; n, endoderm; m, mesoderm; mt, parietal layer of the mesoderm;
mp, visceral layer of the mesoderm; v, nerve cord; ¢, notochord; w, Wolffian duct;
g, gastroccele.

with a definite lumen, which is here in the form of an irregular
crack between the outer and inner cell layers.
Above this class the mesoderm appears first in the form of

an irregular cell layer which starts at the sides of the noto-
chord and invades the space between ectoderm and endoderm.
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In it the region of the epimeres becomes easily distinguished
by a great increase in the thickness of the layer, and an indi-
cation of the separate diverticula appears through a series of
transverse fissures, which divide the mass into separate square
blocks, the so-called mesodermic somites. These first appear
at about the middle of the body, and are added to progres-

F1c. 16. Three early vertebrate embryos, showing mesodermic somites.

(a) turtle [after Mirsuxkuri]. (b) chick [after Duvar]. (c¢) pig [after KerBeL].
nt, nerve cord (brain); nt’, nerve cord (spinal cord); ms, mesodermic somites; e, ear;
yv, yolk veins.

sively both anteriorly and posteriorly until the full number is
reached. The meso-hypomeric region remains for a time as a
single undivided layer, but ultimately splits into two, outer and
inner, containing between them a single undivided space, the
future ceelom. This latter is here called a schizocele, in re-
spect to its mode of origin.

There is thus attained in the higher vertebrates a much
shortened and greatly modified method of producing the ele-
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1nents for the later developments, hardly recognizable on com-
piaring it with the more expanded and simple form found
among the lower types. Aside from such modifications as
those mentioned, which are explained through mechanical
¢xigencies, there appear to be differences in the origin of the
first mesoderm cells themselves, differences which tend to
shake our faith in the absolute homology of the germ layers.
Since, however, in spite of such variation in the early history,
the same embryonic elements eventually appear in all cases,
so that the anlagen of the principal organs are the same for
all, it is hardly possible that the early modifications, however
profound, have any deeper significance than that of cenoge-
netic adaptations to the various changed conditions of develop-
ment.

The presence of yolk has a great modifying influence, both
on the general shape of the early embryo and upon the definite-
ness of its stages. Yolk is an inert substance, the presence of
which in large quantities within the cells interferes with their
normal division and with their assumption of normal positions.
Beyond a certain proportion, in fact, no cell division is possi-
ble, and the egg comes to consist of two portions, (1) the
protoplasmic area, in which all cell divisions take place, and
which ultimately becomes developed into the embryo, and (2)
the yolk-sac. These two areas are indicated in some eggs, as
in those of the frog, by a difference in color, the protoplasmic
area being deeply pigmented and the yolk area not. The
extreme of disproportion is seen in the bird’s egg, where the
protoplasmic area is represented by the light yellow embryonal
disc, about 4-5 mm. in diameter, which floats on the upper
surface of the huge, non-cellular yolk mass. In such cases,
the embryo, when passing through the early stages, or until
after the establishment of the mesodermic somites and the
formation of head and tail, is spread out on the surface of the
spherical yolk, in proportion to which it is so small as to be
almost flat, but later on becomes nearly separated from it, re-
taining its connection by a narrow yolk-stalk attached in the
umbilical region. The embryo grows at the expense of the
yolk-sac, and as the former increases in size, the latter dimin-
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Fic. 17. Diagrams of Amniotes, showing the relation of the extra-
embryonal membranes.
(A) Sauropsidan, with.functional yolk-sac and respiratory allantois. (B) Mam-

mal, with functionless yolk-sac and with the allantois converted into an umbilical
cord and placenta,
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ishes, so that by the time the animal assumes a free life the
yolk-sac has nearly or wholly disappeared.

The embryos of the higher vertebrates differ from those
of the lower in one very conspicuous feature, and that is, in
the possession of fetal membranes, external to the embryo and
designed in part for protection and in part for the obtaining
of nourishment. The two membranes of the most extensive
occurrence are the amnion and the allantois, which are present
in reptiles, birds and mammals and absent in fishes and am-
phibians, a difference which is expressed in the two terms
Amniota and Anamnia (with and without amnion), applied
respectively to the two divisions in question.

The amnion appears to be solely for the protection of the
embryo. It is a thin transparent membrane, composed of parie-
tal mesoderm and ectoderm, and is formed by the growth of
folds about the embryo. It invests the latter on all sides and
forms about it an enclosed space, the amniotic cavity, in which
the embryo lies, immersed in a colorless amniotic fluid, of
about the same specific gravity as the embryo itself. The
allantois is in the form of an empty sac, composed of two
layers, visceral mesoderm and endoderm, and develops from
the umbilical region of the embryo. In reptiles and birds it
pushes its folded edges between yolk-sac and amnion on the
inner, and the shell on the outer, side, and thus comes to com-
pletely invest the former and line the latter with a double mem-
brane. In this there develop two large allantoic (umbilical)
arteries and two allantoic veins, and the organ thus serves as
an excellent respiratory organ, affecting the interchange of
gases through the porous shell. In placental mammals the
egg-shell is replaced by a membranous chorion, and the allan-
tois effects a close union with this, either involving the entire
surface or more generally a restricted area, and this surface,
entering into a more or less intimate relationship with the
mucous membrane of the maternal uterus, forms the essential
organ of nutrition, the placenta. That portion of the chorion
which is involved in the formation of a placenta is covered by
branching processes, the chorionic wvilli, forming a surface
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known as the chorion frondosum in distinction from the smooth
area, the chorion leve. A diffuse placenta, where the villi
cover the entire external surface of the chorion, is the most
primitive type, and is found in pigs, horses, whales and por-
poises; if a small portion of the chorion is left smooth, the
placenta is bell-shaped, as in some edentates and lemurs. By

a continuation of this process, that is, by a farther extension

% the smooth area, the placenta becomes discoidal, which is
the form characteristic of Man and the higher anthropoids,
insectivores, bats and rodents; in the lower monkeys there are
two such discs, placed at opposite poles, the placenta discoidea
duplex. It is the single discoidal type, as found in man, that
gave the name “ placenta” to this organ, as the word signi-
fies a round, flat cake. '

If there are two smooth areas at opposite poles, with pla-
cental villi between them, the zonary placenta is formed, the
type characteristic of all carnivores, elephants, Hyrax and the
Sirenia. A very distinct type of placentation is the cotyle-
donal, characteristic. of ruminants. Here the placental struc-
ture is confined to small nodules or cotyledons scattered over
the entire surface of the chorion, and varying in number from
three to five in the deer to more than a hundred in the sheep
and cow. :

All of the above forms of placentation are easily derived
from the primitive diffuse type, and as a rule actually pass
through the changes during early development, the form finally
assumed being attained through the growth of smooth areas
(chorion leve).

The methods of placentation may be again divided with
reference to the relationship to the uterine mucous membrane;
in one type the villi at birth are simply drawn out of the ma-
ternal portion, leaving pits, and in the other type the union
between fetal and maternal elements is more intimate and the
separation occurs between the mucous and muscular walls of
the uterus itself, thus involving the loss of maternal mucous
membrane, called in this connection, the decidua. The latter
of these types, in which the placenta becomes a far more spe-

T T
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c alized organ, is termed deciduate, the former indeciduate.
In ungulates and in many of the edentates the placenta is in-
ceciduate, in most others it is deciduate.

When the fertilized egg of a placental mammal first enters
the uterus it does not at once become fixed, and development
proceeds for some time before there is any attempt at the for-
mation of a placenta. Meanwhile the egg passes through a
series of typical cleavage stages and attains the condition of 2
hollow sphere, similar to the blastula of more typical onto-
genesis. This, however, is not a blastula, but the blastodermic
vesicle, upon one side of which there develops an embryonal
area similar to that of the bird, that is, spread out in the form
of a flattened disc, and not cylindrical as in the case of other
yolkless eggs. This apparently useless circumlocittion can be
understood only on the ground, supported also by the early
development in the marsupials and monotremes, that mammals
have been derived from ancestors having large, yolk-filled
eggs and that the secondary reduction of this substance has
been too recent to effect a corresponding modification in the
course of development. Adhesion to the walls of the uterus
occurs through the formation of chorionic villi over the sur-
face of the blastodermic vesicle, in which the form of placen-
tation characteristic of the species soon becomes manifest.

The later developmental history of vertebrates subsequent
to the formation of the germ layers and the establishment of
the anlagen of the various systems, belongs to that division
of the subject known as organogeny, or the development of
the various organs, and cannot be followed further in this
place; it receives a fuller treatment, however, in the ensuing
chapters, where the systems are considered separately and
where embryological facts are made use of in so far as they
are needed to explain the history of the several organs. Most
of the systems arise from a single germ layer, often, indeed,
from a definite restricted locality in one of them, the anlage of
which appears at an early period, and there is thus a time at
which an organ, however complex and difficult to understand
as it exists in the adult, is exceedingly simple. This primitive
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condition furnishes the best possible starting point from which
to follow its gradual modifications step by step until the adult
form is reached. The derivation and original anlage of most
of the systems have been given above and are expressed graph-
ically in several of the diagrams [Plates I and II; Fig. 14],
but it may be also useful to introduce the chapters on the
several systems by a table which shows the derivation of each.
In studying this it must be borne in mind that the mesenchyime,
which is everywhere distributed and forms all of the connect-
ive tissues of the body, enters into the final structure of every
other part, and hence is not taken into consideration here.

EMmBrYONAL ELEMENT. DERIVATIVE

TREctodermifs . s 8" Epidermis; including that of the entire exter-
nal surface, as well as the more external
parts of mouth cavity, rectum, and other
cavities opening to the exterior.

Epidermic structures; including all glands of
the integument, nails and claws, hair and
feathers, horny scales, the enamel of the '
teeth and the crystalline lens.

Nervous System; including brain and cord;
peripheral nerves and sympathetic system
with the ganglia associated with each; the
epithelium of the sense organs, and the
tapetum of the eye.

II. Endoderm........ Alimentary canal, that is, its essential layer,
the mucous membrane; also all organs de-
rived from this, as thymus and thyroid
glands, larynx, trachea and lungs, liver and
pancreas.

Notochord; the anlage about which the ver-
tebre (mesenchymatous structures) are
formed.

II1. Mesoderm.

a. Epimeres. ... Voluntary muscles, except those of jaw, hyoid
and branchial arches.

b. Mesomeres. . Urogenital system, including the germ glands.

c. Hypomeres.. Peritoneum; including pleura of mammals;
germ-glands; voluntary muscles of jaw,
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hyoid and branchial arches, including the
muscles of the larynx.

1V. Mesenchyme...... Connective tissues; including those in the
strict sense, also cartilage and bone, and
the corium. Involuntary muscles of the
viscera and of the skin.

Vascular system; including heart, blood-vessels

and blood; lymphatics; and the septum of
the diaphragm.
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CHAPTER IV

THE INTEGUMENT AND THE EXOSKELETON

“ Seit Huxley seine Schrift ‘Zeugnisse fiir die Stel-
lung des Menschen in der Natur’ veréffentlicht hat,
sind 31 Jahre vergangen, und wenn man erwiagt, was
in diesem Zeitraum auf dem Gebiet der physischen
Anthropologie, der Embryologie und Morphologie
iiberhaupt gearbeitet und erreicht worden ist, so ist es,
meine ich, an der Zeit, den Blick wieder einmal riick-
wirts zu richten, das zu einem einheitlichen Ganzen
zusammenzufassen, was an vielen Orten zerstreut
liegt, un daraus endlich zu ersehen, was der Mensch
war, was er ist, und was er sein wird.”

RoBerT WiepErRsSHEIM, Der Bau des Menschen,

1803, p. 3.

THE usual invertebrate form of integument is composed of
a single layer of epidermic cells, the external surface of which
is covered by a non-cellular structure formed from the c¢ell
walls. This outer element is often a transparent cuticula,* or

in other cases may consist of vibratile cilia. Beneath the in-

tegument, and separated from it by a thin layer of connective
tissue, lie the muscles.

The integument of Amphioxus conforms to this general
type, but in all true vertebrates important changes take place,
rendering it quite different in structure and of far greater
complexity. The epidermis becomes many-layered and loses

the external cuticula, although cilia persist in a few early

larval forms, and the underlying connective tissue becomes
thick, often much exceeding the epidermis in this respect. As
this latter layer, the corium [cutis], is almost indissolubly as-

* The flattened outer cells of the epidermis, which form the stratum cor-
neum, are, under certain circumstances, easily separated from the next,
and form a thin layer often termed the “cuticle.” The use of the word
in this connection is questionable, on account of its liability of being
confused with the non-cellular cuticula of invertebrates
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syciated with the epidermis, while very loosely attached on
is under side to the parts which it covers, the . ~ form to-
gether an easily detachable part, known as the sku or hide,
similar in general function to the integument of invertebrates,
but far more complex in structure. The vertebrate integument
is further characterized by a great variety of secondary struc-
tures, involving one or both layers and either remaining be-
neath the surface, as is the case with glands and pigment, or
projecting conspicuously beyond, as in hairs, feathers and
scales.

Concerning the integument itself, in so far as it can be
treated apart from its accessory organs, it may be noted that
the epidermis is always several cells deep and is in constant
growth, being renewgd from the innermost layer in about the
same proportion as it is worn off at the surface. This inner
layer is a fairly definite one and is termed the stratum germ-
snativum [ str. mucosum or Malpighit]. Its cells are con-
stantly proliferating and the older cell generations are grad-
ually pushed toward the surface, becoming flattened and more
cornified as they progress. They thus form a protective cov-
ering for the more delicate cells that lie beneath them, and
compose a layer, which, in distinction to the stratum germ-
inativum, is called stratum corneum. Some authorities dis-
tinguish for convenience a stratum lucidum, lying between the
two, although the exact limits of none except the stratum
germinativum are definitely fixed.

It is evident that, in order to avoid an excessive growth of
these upper layers, there must be some way by which they
may be continually removed. This is accomplished in reptiles
and amphibians by periodic moults or ecdyses, through which
the entire surface layer is cast off by a single process, and
quite often in one continuous piece, after the formation of a
new layer beneath it. In many forms with a cornified skin, like
snakes and lizards, these cast-off * skins,” the exuvie, are
matters of common observation, and are seen to reproduce
most faithfully every scale, horn or other protuberance charac-
teristic of the animal; in certain other cases the cast-off skin
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is eaten by the owner. In birds and mammals there is no
periodic moult, so far as the skin is concerned, and no con-
tinuous layer cast off, but the dead and dried cells are con-
stantly being worn from the surface and pass away unnoticed.
In these animals, however, there is usually a definite period
for the renewal of the accessory parts, the feathers and hairs,
a form of moult to be carefully distinguished from the fore-
going.

The corium, in common with other connective tissues and
in contrast to the epidermis, is not composed wholly of cells,
but consists in great measure of fibers, which run in all direc-
tions between the cells and are produced through their-agency.
These fibers, which, though not the formative element of the
corium, are the most important-structural ones, form a rather
loose and often very elastic felting, which, in many vertebrates,
notably mammals, forms the main bulk of the skin. In fact,

it is this layer alone, which, artificially thickened by the action

of tannin, is used for leather, the epidermis being first removed
by maceration. The corium is the thickest in mammals, but
is also fairly thick in amphibians and in many fishes. In rep-
tiles and birds it is thin, the amount of protection thus lost
being compensated for by the dense and firm covering afforded
by the accessory epidermic structure, scales and feathers re-
spectively. Birds have the thinnest corium of all vertebrates,
a condition undoubtedly correlated with the development of
the feather coat, which renders the protection of a thick corium
superfluous.

In the formation of the accessory organs each of the two
layers furnishes materials characteristic of itself, and, although
in later growth a structure that originates in one layer can,
and generally does, invade the province of the other, there is
a definite place of origin for each element involved. Thus
from the epidermis come integumental glands of all sorts, al-
though they usually dip down into the corium from which they
receive a fibrous investment. Pigment may be derived from
either layer, biit more usually from the corium, and when
found in the epidermis, as it commonly is, it is more likely to
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will be noticed that scattered hairs appear among the scales
in a definite relationship, and that a group of three hairs, one
1edian and two lateral, projects from beneath the margin of
cach scale, the median hair being somewhat longer and stouter
than the others. It further appears that there is a similar ar-
rangement of hairs, usually in groups of three, upon hair arecs
not associated with scales, the hair groups being arranged in
imbricated series, and that this arrangement is general, even in
mammals without trace of scales. There are some modifica-

Fic. 21. Hair arrangement
in various maminals.

1 (a) Ursus arctos (brown
3 {‘;} bear). Front of chest. Dia-
¥ grammatic, [After Dg Mer-
JERE.] (b) Canis familiaris
! (dog). Four developmental
stages, The adult arrange-
ment i3 like that of (a).
[After De  Meiyere.] (¢)
Homo. Scalp of negro. Cam-
era drawing from the actual
object,

tions of this, due to secondary changes, such as the need of a
thick fur, but even in these modifications the original plan
is still apparent. Thus, in the pig, there are two sets of bris-
tles, a coarser set arranged in imbricated groups of three, and
a finer set, filling the intervening areas without definite ar-
rangement; to obtain a thick fur, as in the rabbit, each hair
in the group may become a bundle of hairs, the bundles being
arranged in groups of three as in the typical case; even the
number three is not always kep!, and groups of five occur,
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with two lateral hairs on each side, or groups of seven with
three. Occasionally, as in the dog and cat, the plan becomes
partly obscured in the adult, but is evident during development,

Fic. 22. Formation of friction ridges from single rows of epidermic
warts. [After Miss WHIPPLE.]

(a) Midas rosalia (Brazilian monkey). Proximal portion of hypothenar pad. (b)
Midas rosalia. Apical pad. (c¢) Homo. Advanced fetus. Side of finger in tran-
sition region, 7The dotted lines indicate the position of sweat-glands. i

the three-hair group being definitely marked in the advanced §
fetus. 1

A still further corroboration of the former presence of scales
in mammals may be obtained from the study of the lower
surfaces of the paws, where, except in such extreme modifica-
tions as the ungulates, scales either still exist or have left a
permanent record in a peculiar configuration of the epidermis,

—
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Fic. 23. Formation of friction ridges in pairs from rings formed by
the confluence of epidermic warts. [After Miss WHIPPLE.]

All the figures are taken from Lemur macaco (semi-ape from Madagascar).

(a) Detail of area below the interspace between index and medius. Here are
seen individual isolated warts w; groups of these forming rings g; fully formed
rings r; also the formation of ridges in pairs by the lengthening of rings in one
direction (best shown at the right); the single isolated ring enclosed by the ridges
of the pattern is also suggestive. (b) A portion of the interdigital pad. (c) Apical
pad. (d) Detail showing two methods of formation of three ridges from the rings.
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directly traceable to them. In their simplest form the scales
or scale rudiments are in the form of rounded, wart-like epi-
dermic organs, which cover the entire surface in Ornitho-
rhynchus and large portions of it in marsupials, insectivores
and lemurs. They possess a more or less imbricated arrange-
ment, and their identity with scales is shown, not merely by
their structure and development, but by a comparison with the
scaled dorsal surface of the paw in such cases as that of the
shrew or the star-nosed mole, where the transitions from one
form to the other may be seen along the edges of the paw.
This primitive condition is modified in most cases by the pres-
ence of characteristic mammalian organs, the pads; which
are used as contact surfaces, and are typically eleven in num-
ber, five for the tips of the digits, four for the distal margin
of palm or sole, below the interdigital intervals, and two near
the wrist or ankle. Upon these the scale rudiments become
arranged in rows, and by their fusion form friction ridges,
so called from their use, which is to prevent slipping, like the
parallel ridges seen on the handles of certain steel instruments.
These friction ridges are always arranged at right angles to
the direction in which there is the greatest tendency to slip,
that is, directly across the pads in walking forms, but arranged
in concentric circles about the highest part of the pad in the
arboreal lemurs and monkeys where slipping in all directions
is equally to be expected. Owing to the general principles that
the separate scale rudiments form friction ridges on the ac-
tual contact surfaces only, it follows that when the pads re-
main high their surfaces alone are ridged, while the depressed
areas are covered with separate units, but when, as in lemurs
and monkeys, there is a pregressive tendency to utilize the
entire surface for contact, the ridged areas spread in exact
correspondence with the acquirement of contact surface, un-
til, in the higher primates, the entire ventral surface of the
paws becomes covered with ridges, leaving separate scale rudi-
ments only along the boundaries, where this modified skin
meets that of the dorsal surface.

Had the friction ridges, which completely cover the palmar

3
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and plantar surfaces in Man and the other higher primates
developed primarily in forms in which the entire surface was
used for contact, it may be assumed that they would have taken
some simple form, designed with reference to the area as a
whole; since, however, they have passed through the longer
and more complex history caused by the introduction and
secondary reduction of various pads, they have preserved the
indications of the former relief by an arrangement otherwise
without cause or meaning. This may be seen by a compari-
son of the lower surface of the paw in some animal in which
the pad system is in full function with that of one in which
the inequalities of the surface have become secondarily re-
duced. (Fig. 24.) The one is an actual relief, the other a
flat sketch; the one possesses raised pads surrounded by folds
of skin which diverge in three directions from points known as
triradii, the other indicates the former location of the pads by
whorls and other patterns, and that of the folds by the arms
of embracing triradii. Thus in the field-mouse (Fig. 24, a)
there are present four interdigital pads, the first situated im-
mediately below the interval between thumb and index, the
second below the interval between the latter and digit III,
and so on. [Each of these is inclosed by folds of skin which
diverge in three directions from points known as triradii, and
there are three triradii about each pad except the third, which
possesses a fourth one, located between digits III and IV.
Below these lie the thenar and hypothenar pads, the folds of
which are often well marked, though not especially so in this
case. The apical pads at the ends of the digits also possess
folds, not well shown in the figure, with two triradii, one upon
each side. Turning now to the paws of Macacus, a small
monkey (Fig. 24, b), in which the relief has been reduced to
a flat surface, each of the above features (except the thenar in
this especial case) is expressed by the configuration of the
ridges, as indicated in the figure. The ridges essential in
marking the palm are represented by solid lines, although in
reality not different from the rest. Each pad is represented
by a figure or ;a/iorn, of which the four interdigital are the



92 HISTORY OF THE HUMAN BODY

most typical, and are in the form of concentric circles, the
center coincident with the summit of the pad. The spiral form

F1c. 24. Ventral surface of anterior chiridium of an insectivore and of
a primate showing correspondence between relief and arrangement of
friction ridges. [After Miss WHIPPLE.]

(a) Crocidara cerulea (shrew-mouse). Fore paw 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 represented by concentric circles, and the triangular folds by triradii.
These latter features are here designated by heavy lines, although in the real object
they are not more conspicuous than the others.

of the hypothenar is a degeneration from the primitive type,
to which it is connected by the existence of transitional forms,
either in other individuals of the same species or in different
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<pecies. The thenar pattern has here become entirely re-
duced, but is often present. The apical patterns are also
inodified, but in a lateral view wouid show the triradii.

Inasmuch, however, as in the Primate hand and foot the
ridges are still of considerable functional importance, they
are apt to become modified at each point of the surface in ac-
cordance with the use of that point, and it'thus happens that
in different species and in different parts of the surface there
are varying degrees of faithfulness to the ancient records.
Thus in Macacus the use of the hand is such that thenar,
hypothenar and apical pads tend to degenerate, while the in-
terdigitals are preserved in their typical relations, while in the
human hand the reverse is the case, and the apical patterns are
nearly always well marked, and often in the form of typical
whorls with two lateral triradii; while the interdigital patterns
are usually lost or obscurely indicated. A hypothenar pattern
is frequent, especially in the white race, and occasionally oc-
curs as a whorl with three triradii; but the thenar is of rare
occurrence, and then usually associated with the first interdigi-
tal. These changes are in part explained by the tendency of
the ridges to assume an approximately transverse direction,
a tendency in which the right hand has surpassed the left,
owing to the long preferential use of the former.

In thé human foot the apical patterns are about as well
marked as in the hand, but with a smaller percentage of the
primitive whorl type; the four interdigital pads are fairly well
indicated and often appear in infants as rounded elevations.
Of these the most constant is the first, placed on the ball of
the foot below the great toe, and is frequently of the whorl
type, occasionally with three triradii; the primitive condition
again corresponding to the functional importance of the region
1 which here bears the main force of the body during a portion
of each step. The hypothenar is occasionally indicated by
a loop on the outer edge, but the thenar is practically lost.
An additional loop, of uncertain morphological significance,
occasionally occurs on the heel.
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F1G. 25. Print of right hand of boy (Anglo-American), showing a co
plete set of friction-skin patterns.

1, 1L, III, IV, the four interdigitals; @, the thenar; b, the hypothenar; the fi
apical patterns (not lettered) are seen on the finger-tips.
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It thus appears that, aside from the sporadic distribution of
scales in various mawmals, the palmar and plantar surfaces,
save in the most modified cases (Ungulates, Cetacea), are
covered with scale elements, either distinct or united in rows
to form ridges; and, furthermore, that in other parts of the
body the hair follicles occur in definite groups, arranged in
clternate series; facts that can be interpreted only as indica-
tive of the former presence of a scaly coat.

That this stage is actually passed through in embryo mam-
mals has not as yet been definitely determined, but some cir-
cumstances seem to indicate that the vestiges of this covering
may be looked for in the epitrichium, which is a superficial
epidermic formation without definite structure so far as is
known. This at one time covers the surface, but save in the
palmar and plantar regions disintegrates and disappears; con-
tributing in man to the formation of the vernix caseosa, found
upon the surface of the new-born infant. Upon the palms
and soles, however, at least in man, where it has been mainly
studied, it appears to persist and take part in the formation
of the friction ridges.

This brings with it the suggestion.that the epitrichium rep-
resents the primitive scaly coat of ancestral mammals, the
greater part of which becomes lost by an embryonal ecdysis.
How this epitrichium appeér(s‘ and what its fate is on surfaces
where scales persist, other than the palms and soles, or in the
few scaled mammals, is not known; but in the sloths and
ant-eaters, nearly related to the last, it is especially firm and
remains until birth as a definite covering. In many mammals
the similarity to a moulting external layer is increased by the
presence of a thick layer over the nails or claws, continuous
with the epitrichium, and cast off with it, the eponychium.

The hair, which forms the characteristic coat of present-day
mammals, may be safely considered as once accessory to a
covering of scales, which it has secondarily replaced, as ex-
plained in the foregoing, but this does not account for its
origin, or suggest its primary function. An attempt has been
made to homologize hairs with the integumental sense organs
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of amphibians, owing to a similarity in the early stages of
development ; but although this view may receive some little
extra support from the considerable degree of sensitiveness

fol, follicle; out, outer root sheath; in, inner root sheath; G, hair germ; Gi, beginning
hair; pap, corium papilla,

which some hairs attain, the evidence in favor of it is slight

and the idea does not receive general credence. It seems
likely that the hair developed subsequently to the scales and
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nyt before them, and may have exercised some function of
protection, possibly that of a fringe upon or near the free
edges to prevent the accumulation of dirt in the folds where
tliey overlap, a purpose for which organs of similar appear-
ance but of different origin are frequently employed in in-
sects and crustaceans. 3

In development the hair is wholly epidermic, formed by
the stratum germinativum, but dips down into the corium
in the form of a solid column of rapidly proliferating cells,
the outer layer of which soon differentiates into a sheath or .
follicle, while the inner cells become horny and form a shaft
which projects beyond the surface and becomes the hair.
Growth is constantly kept up at the bottom of the follicle,
and proceeds from a small area of actively proliferating cells
which are nourished by a ‘corium papille and form the true
root, or matrix, of the hair. From an inspection of the fol- *
lowing figure (Fig. 26), it becomes evident that this matrix
is merely a specialized portion of the stratum germinativum
and that the hair consists of the upper layers derived from it,
and renewed from beneath as in the superficial skin. When
a hair is pulled out, the break usually occurs immediately above
the matrix, and the lost portion involves the hair, the epider-
mic sheath, and quite often the follicular sheath as well, parts
that are easily regenerated so long as the matrix remains.
Associated with this structure are typically two sorts of glands,
tubular and acinous, which are formed as outpushings from
the sides of the follicle and grow down into the corium. These
develop in various mammals to subserve many different pur-
poses, often becoming dissociated from the original connec-
tion with the hair. To these two types all forms of integu-
mental glands occurring in mammals may be referred. Their
modifications and transformations may be considered later.

The occurrence and distribution of the hair are in strict ac-
cordance with the needs of the animal, and show great dif-
ferences, corresponding to the various environments to which
mammals have become adapted. The hair may differ in
ength, in caliber, in thickness (7. e., the number of groups in
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a given area), in texture, or in form; it may be increased to a
thick, matted wool, or may show every degree of reduction
down to a total loss. It may develop into bristles, as in the
hog, or even form spines, as in the hedgehog and porcupine,
although this latter result is usually brought about by the con-
fluence of numerous individual hairs, The “horn” of the
rhinoceros is such a structure, and not a true horn. Many
variations in thickness are brought about by modifications in
the hair groups, or by the interpolation of supernumerary hairs
independent of the group system. In the former case the num-
ber of single hairs in each group may be increased, or each
primary hair may be represented by a bundle; or again, each
primary hair may be accompanied by a series of accessory
hairs, arranged as satellites about the former. In the latter
case there is usually a marked difference between the hairs
that are included in the primary system and those that are not,
as is seen in the case of the hog, in which there are two sizes
of bristles, coarse ones in groups, and finer ones interpolated
without system (Fig. 20, ¢). .

It may be said in general that arctic forms and those liv-
ing at high altitudes are the most plentifully supplied with
hair, while tropical and sub-tropical forms are sparsely cov-
ered. An aquatic life tends to reduce the hair coat; if the
animal is but semi-aquatic, as seals and otters, the hair is
reduced to the form of a fine plush, but in the Cetacea and
Sirenia, which are wholly aquatic, the reduction is almost
a complete one. Many apes are but scantily supplied with
hair, the ventral side of body and limbs being but sparsely
covered, while the upper part of the face and ears are nearly
bare. The same tendency is continued farther in Man, who
shows considerable racial variation, ranging from the hairy
Ainus and certain hairy individuals in the white race to the
smooth and beardless Malays. That Man was formerly sup-
plied with a thick coat of hair, however, is shown by the fetal
condition, at one stage of which the entire body, not excepting
the face, is covered by a coat of fine down, the lanugo. This
mainly disappears before birth, and becomes. eventually re-
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placed by the permanent coat, which usually shows but slight
development save .in certain definite localities. = The lanugo
persists in a reduced condition on the face, especially in females,
forming the down which gives to the cheeks their character-
istic bloom. Abnormal hairiness in man, or hypertrichosis,
is fortunately rare, and is of two kinds; the one, hypertricho-
sis vera, is due to an excessive growth of the permanent coat
which replaces the lanugo; the other, pseudohypertrichosis, is
the result of the persistence of the lanugo.

Localized hypertrophy in various mammals in the form of
manes, crests or tufts of hair, is of frequent occurrence and
is used for various purposes, such as defense from flies or
other noxious insects, attraction of the other sex, or as a pro-
tection from the teeth of rivals. Under this general head
come also the beard of man, which corresponds in position
and direction to that found in other primates, and the long
hair of the head. The other locations in Man in which long
air occurs, the axillary and pubic regions, do not seem to
long here, and probably represent portions that escaped
reduction rather than hypertrophy. The obvious function of
he cranial hair is a protection from the sun, and its location
suggests that it is developed with reference to the erect and
ot the quadrupedal position, in which latter case it would
ave extended farther down the back. The axillary and pubic
ufts may be for lessening the friction between the limbs dur-
ing motion ; it has been also suggested that they possessed a use
Jiin transitional forms in furnishing places to which the infant
ight cling, thus leaving the arms of the parent free for
limbing. In support of this latter view it may be noticed that
he distances between these locations correspond approxi-
ately to the proportions of a normal infant, and that an in-
ant thus attached is also in the right position for nursing.

Aside from differences in caliber and length, the hair of vari-
bus mammals differs markedly in structure, in color, in the
shape of its cross-sections in various places and in the shape
(hssumed by each hair. In structure a hair consists of a firmer
gtortex of varying thickness enclosing a softer medulla; a
3
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single layer of epidermic cells covers the cortex externally.
Differences in color and luster are due to the amount of pig-
ment in the cortex, the sculpture of the epidermic covering and
the presence or absence of air in the medulla.

The cells of the epidermic covering may fit smoothly upon
one another or may project like scales. A typical illustratio
of this latter case is that found in wool, and by virtue of this
peculiarity the separate hairs may be made to cling together
by causing the minute teeth to interlock, a result effected ,'
throught the act of spinning. To this peculiarity the possi==
bility of wool as a textile fabric is due. ‘

In Man there is much racial variation in the hair of the
head, a character of considerable value in ethnology. The
degree of waviness or curliness is due to the shape of the
single hairs; if they are cylindrical, that is, circular in cross=
section, they are perfectly straight, as in the typical Mong
lian; a slight degree of flatness with an elliptical cross-sectio
allows the hairs to become wavy, as in many Europeans;
if more flat, they are curly, and if very flat, the hairs are
woolly, as in the Negroes. In this last class there are two
subdivisions, the Eriocomi, where the hair is evenly di
tributed, making a solid mat, and the Lophocomi, the “ che=
veux en grains de poivre,” in which the hair is collected
into little tufts with partings between them. This latter pe-
culiarity is seen in adult Bushmen and Hottentots and in thi
children of most other negro races.

The degree of flatness of the cross-section is expressed by
an index in which the longer diameter is considered unit
and the shorter is compared with it in the form of a decimal
fraction. Thus, in a perfectly cylindrical hair, the index
would be 100, in one in which the breadth of the oval is half
the length the index would be 50. As a matter of fact there
is no index so high as 100, but it ranges between 83, that o
the Japanese, and 40-50, that of the Hottentots. In Euro-
peans it varies between 62 and 72. In length the hair varie
_greatly, straight hair being the longest and woolly hair the
shortest. In races with either extreme (straight or wool]y‘)

o
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-he hair of the two sexes is of equal length, but in those with
wavy or curly hair that of the female considerably exceeds in
‘ength that of the male.

The hair exhibits a definite slant or direction of growth,
which varies in different parts of the body, so that one may
speak of hair-streams or hair-currents. This direction is the
one shown by the follicle and by the hair immediately after
its emergence from the skin, and is entirely unrelated to the
various directions which the free masses may temporarily
assume under the influences of gravitation, wind, or other
external forces. It is thus best seen in animals with a coat of .
short, appressed hair, like horses or short-haired dogs, and is
often quite obscured in those with long hair, or in those with
soft, plush-like fur, like seals and moles. In these latter,
however, it may be accurately ascertained by shaving or clip-
ping the hair.

In general it may be said that a given area shows a defi-
nite direction, the lines of which may be parallel or some-
what divergent, two adjacent areas being separated either
by a parting, where the streams diverge from one another, or
by a raised crest or seam where they converge. At certain
points special features may be noticed, the most important
of which are the vortex or whorl, the rhomboid and the feaih-
ering. In the vortex variously directed hair currents unite
to form a spiral figure, which either converges to form a
central tuft, convergent vortex, or starts at the center and
diverges, divergent vortex. The first type of vortex often
marks a point at which some projecting organ is later to ap-
pear, as at the corners of the forehead in the calf before
the appearance of the horns; or else one where a former pro-
jecting organ has disappeared, as at the umbilicus; but, on the
other hand, there are numerous instances where such a rela-
tionship cannot be established. The significance of the second
Ml type is unknown. Either type may form either a right- or a

#|left-handed spiral (clockwise or contra-clockwise). A rhom-
#lboid is an open space of the shape designated by the name,
fland appears where the corners of four areas meet. It is thus
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in human fetus.

Hair direction

Fic. 27.
The black lines designate the lines of parting, the arrows show the direction of

the hair currents.

Rhomboids and vortices are also shown.
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always so arranged that the hairs converge at two opposite
corners and diverge at the other two. A feathering is a spe-
cial form of area, usually more extensive than the two last,
occurring only in association with a vortex, of which it forms
a continuation in one direction. It is in the form of a long
and narrow ellipse, and the hair currents run along a central
axis and diverge to the margin. 3

All of the above forms may be readily seen upon our do-
mestic animals, and are often well marked in man, especially
in individuals whose skin is covered with very short appressed
hairs. An especially good object is the broad, square chest
of the bull-dog, on which are usually three vortices and three
rhomboids; a vortex above and a rhomboid below in the me-
dian line, a lateral rhomboid on each side of the vortex, and
a lateral vortex on each side of the rhomboid. Aside from
these there occurs a vortex on each elbow, usually one on each
side of the neck, and upon the hinder parts a pair of especially
conspicuous vortices, above which, at the base of the tail,
are two rhomboids. Individual variation may show depar-
tures from this description.

In Man the various. features are present and often well
marked, but as they require for their expression a certain
grade of pilosity, they are usually overlooked. Here, also,
as in other animals, there is considerable individual variation,
and a feature marked on one person may be absent on another;
the two sides, also, are not necessarily symmetrical. The
most conspicuous vortex is the one at the crown of the head,
easily observed in boys with short hair. This may be either
clockwise or contra-clockwise, and seems to follow no rule
in this respect. Other vortices occur above the angle of the
jaw and in front of the axilla. = Rhomboids occur along
the mid-ventral line; one of them is situated at the angle
between the throat and the chin, immediately above the thy-
reoid protuberance, a second at the anterior end of the sternum,
and a third on the abdomen, midway between the umbilicus
and the pubic eminence. A rhomboid is found constantly upon
the lower part of the ulna, a little above the wrist.
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The study of hair direction has excited an occasional inter-
est among morphologists, and a number of theories have been
advanced to explain the origin of the various features, but
there has been as yet too little morphological work in this field
to allow much theorizing or to serve as a basis for definite con-
clusions. The general tendency of the hair to slope backwards
from the point of the nose to the end of the tail suggests the
influence of the air-currents upon a rapidly moving body, or
at least an adaptation to them, the same phenomenon being
strikingly exhibited by the direction of feathers in birds, and
that of scales in reptiles; in the same way the general down-
ward slope of the hair along the sides of quadrupeds suggests
the influence of gravitation, especially when taken in connec-
tion with the apparent hair direction in the sloth, which shows
a parting along the mid-ventral line and is directed ventro-
dorsally, as if in correlation with the customary inverted posi-
tion of the animal. In opposition to this, however, it may be
pointed out that in certain areas the direction is the reverse of
that which either of the above forces would produce, and as
for the case of the sloth, the direction observed may be that
assumed by the long hair after emerging from the surface,
since the direction of the follicles seems never to have been
investigated. Darwin’s well-known attempt to attribute the
hair direction on the human arms to the direct influence of
tropical rains upon the arms of simians, when held above the
head for protection, is at variance with the facts, and hence
must be dismissed from the discussion,

Recently a new line of explanation has been sought in the
influence of underlying parts, especially that of the sub-cutane-
ous muscles, the constant traction of which influences the hair
follicles over definite areas, but this idea cannot as yet be con-
sidered to have passed the stage of a vague hypothesis,
especially since many of the observations are fallacious, and
hence have no weight in establishing the conclusions.

It seems likely, since the hairs originated in association
with a complete coat of scales and at a time which must be
designated as premammalian, and since the original hair direc-
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don must have been the same as that of the scales which pre-
ceded them, that this original direction would have been
retained after the loss of the scales, and that the hereditary
transmission of this may account for at least a general plan
underlying the variations occurring in the mammals of the
present day. The existence of individual variations, known
to be considerable in man and certain domestic animals, points
to a diminution.of the original functional importance, which
has become no longer sufficient to retain the various features
at a definite standard. -

Aside from the formation of horny scales, feathers, and hair,
the epidermis produces numerous other organs composed of
keratin, and fitted for various uses. The most of these appear
as isolated instances to subserve a particular purpose in a
small group of animals, but in one case, that of claws or
nails, the organs are possessed by both Sauropsida and Mam-
malia and form a strictly homologous series throughout, Whlch
presents some interesting modifications.

The first employment of this substance in this locality
appears to be'in the dog-fish, where the fins are lengthened
beyond the limits of the fish skeleton by numerous horn
threads, set close together and forming two series, overlapping
the cartilaginous rays on each side. Otherwise there is little
use of keratin among fishes and almost none at all among
amphibians, unless there be included a certain form of wart
found in toads and due to the local thickening of the stratum
corneum. One species of salamander also (Siren) possesses
horny plates in the mouth, serving the purpose of teeth. In
turtles, a dorsal carapace and a ventral plastron are formed
from parts of the endoskeleton, with the addition of dermal
elements, and these are covered by large plates of keratin, the
so-called “ tortoise-shell.” The jaws of the same animal are
also covered with horny plates equipped with a sharp cutting
edge, and a precisely similar formation produces the charac-
teristic beak of birds, although it is hardly to be supposed that
the two structures are genetically connected. Aside from
the coat of imbricated scales, many reptiles possess horns,
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crests and other cornified structures, many of which are un-
doubtedly scale modifications; and in birds there are occa-
sionally horny structures, often with a core of bone, like the
spurs of the game cock, of doubtful morphological value. The
lower legs and feet of birds are encased by a horny epidermis,
a part of which-is covered by definite scales, while other parts
of it are divided by grooves into square or polygonal areas.
The skin of crocodiles is marked in much the same way and
does not form overlapping scales, yet it is highly probable that
in both cases the areas separated are the equivalent of scales,
since overlapping is not a necessary characteristic of these
organs. )

In mammals there are many special organs composed of
keratin. The “ whalebone” of whales is derived from the
epidermis of the hard palate and forms a thick fringe which
hangs from the upper jaw and is employed as a strainer.
There are three types of horns: that of the rhinoceros, formed
by a coalescence of numerous keratin fibers, probably the
morphological equivalent of hairs; the hollow type found in
some ruminants, in which a hollow keratin structure is fitted
over a core of bone; and, thirdly, the solid horn of deer and
antelopes, where the final structure is composed of the bony
core alone, the epidermis being represented by the “ velvet,”
an external covering which atrophies after the horn is com-
pleted and is rubbed off by the animal. Thus this last, in its
final condition, cannot be counted among epidermic structures.

In reptiles, birds and mammals the ends of the digits are
armed by horny structures, strictly homologous throughout,
although variously denominated .as claws, nails or hoofs, in
accordance with their shape. In the typical claw (Tig. 28, a)
the parts to be noted are the convex dorsal plate (Krallen-
platte), the concave ventral plate (Sohlenhorn) and the apical
pads of the digit (Zehenballen). In the sauropsidan claw (a)
the two plates are of about equal importance and the terminal
pad is represented by an unmodified scale or by several
scales. In the typical mammalian claw (b) the ventral plate
is somewhat reduced and the terminal pad is well developed -
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and covered with friction-ridges. In monkeys (d) the dorsal
plate is flatter and broader as an adaptation to the prehensile
hand or foot and does not project much beyond the end of the
digit; the ventral plate is much reduced in extent and is not
very horny, and the terminal pad has decreased in volume and
is indicated mainly by the friction-ridges, which are in the
form of a loop or whorl. The extreme of this line of develop-

¢

Fic. 28. Diagrammatic longitudinal sections through digits of various
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