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PREFACE

The following pages are the outecome of over twenty years of
teaching Comparative Anatomy of Vertebrates to premediecal stu-
dents and others. The “others” have crowded more and more into
the picture, for while it is universally granted as essential that
medical students should lay a firm biological foundation, it is not
so generally realized that it may not be amiss for Everyman to
gain some inside information about the “fearfully and wonderfully
made’’ human mechanism, and how it came to be.

The book is divided into three parts.

Part One furnishes a necessary setting or introduction for the
other two by emphasizing some of the outstanding features of
various sister biological sciences most intimately related to Com-
parative Anatomy. They are Taxonomy, Chorology, Pal®ontol-
ogy, Anthropology, Cytology, Histology, Embryology, and Path-
ology. The reason that Physiology is not speeifically included in
this review of cognate fields of study, is because it was found to
be neither desirable nor possible satisfactorily to consider the
funection or phyvsiology of the animal mechanism apart from its
structure or anatomy. Hence the more general term of Com-
parative Biology, which includes somewhat more than the bare
morphological aspeet of the matter, appears upon the title page
in preference to Comparative Analomy, since it more nearly ex-
presses the point of view employed.

In Part T'wo are grouped chapters dealing with the mechanisms
of metabolism and reproduction, including the integument, systems
of digestion, circulation, respiration, exeretion, and reproduction,
together with the glands of internal seeretion.

Part Three is concerned with the mechanisms of motion and
sensafion, which may be regarded as particularly characterizing
animal organisms.

It is expected that practical laboratory work upon various
typical vertebrates will accompany the theoretical presentation
of matter in the book. There has been no attempt to combine
the two, since numerous excellent manuals and guides for dissec-
tion are now available. The author has found that the dogfish,
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viil PREFACE

mud puppy, turtle, and white rat are the most useful and awvail-
able forms to employ in these essential confirmatory exercises. At
Brown University the students entering the eourse in Comparative
Anatomy of the Vertebrates have already had a laboratory initi-
ation with various invertebrates, the frog, and embryo pig.

There has been no determined attempt to avoid seientific names
or technical terms in the text, whenever they are useful, and fur-
thermore, that lazy man’s device, a “glossary,” as well as an
extended biblhography of source materials, which would pad
pages already corpulent, has purposely been omitted. A glossary
has been omitted as it 1s assumed that the reader has access to a
dictionary and is not indolent. As all technical terms are usually
defined whenever first introduced, the index in most cases of
doubt should satisfactorily guide the inquiring student to desired
information. In the bibliography only a few outstanding books
are mentioned and no attempt is made to cite the very many
original papers involved. The student who has ocecasion to go
back to such sources will find excellent lists in several of the books
named, and will no doubt be advanced and resourceful enough to
obtain whatever he wants without gratuitous assistance of this kind.
The author confesses a fellow feeling in this matter of unasked for
student aid for one Mr. George Baker, a contemporary of Shake-
speare, who retained the ponderous Latin names of the herbs
desceribed in a foreign medical book which he translated into
English, holding that 1t would do his readers good to look up the
English equivalents, for, as he naively wrote in his preface: “I
would not have every ignorant asse be made a chirurgeon by my
booke.” In any case it is the pursuit of knowledge rather than
the final possession of it that is the chief delight of the scholar.
If it were not for this fact there would be little excuse for, or
satisfaction in attempting to make a book of this kind, which at
best represents only a passing and ineomplete picture of a changing
body of knowledge.

The numerous illustrations, which the generosity of the pub-
lishers has made possible, have been gathered together from many
sources. For the most part they have been redrawn or adapted
from other pictures already published, in which case the source
is indicated and for which grateful acknowledgment is hereby
made. Many of the cuts from The Human Skeleton and Genetics
by the author, as well as three figures from Hegner's College Zoology,
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through the courtesy of The Maemillan Company, are used here
again.

In preparing the pictures, aid was furnished by Miss Martha
Whitmarsh, Miss Dorothy Walter, Mr. Harold Meyers, Mr. Joseph
Kostecki, Professor J. Walter Wilson, and particularly by Miss
Dorcas Hager. Professor Wilson has also critically read the
entire manuseript, and Professor A. D. Mead some parts of it.
The sympathetic insight and friendly suggestions of these two
colleagues of many years has been a constant stimulus and support
throughout the whole undertaking. Professor W. W. Swingle has
cast a helpful eye over Chapter XVI. My niece, Miss Dorothy
Walter, has given much expert assistance at all points in preparing
the manuseript and reading the proofs, while the literary debt of
long standing and inereasing magnitude which I owe to my wife,
Alice Hall Walter, 1s so great that there is no hope of ever dis-
charging it.

If all the suggestions and eriticisms from these various quarters,
together with those of several other unnamed but appreciated
contributing friends had been faithfully followed, this would no
doubt be a better book. The responsibility for the volume as it
stands, however, with its inevitable shorteomings, rests entirely
upon my own shoulders,

To all the immediate helpers mentioned, as well as to the long
line of biological workers, both obscure and famous, whose dis-
coveries and ideas are our intellectual heritage today, I wish to
acknowledge my great indebtedness. Last, but by no means
least, I hereby express my sincere thanks to the stimulating young
men and women, who for so many vears have allowed themselves
to be practiced upon in my classes,

H. E. W.
Brown UNIVERSITY
November, 1927,
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PART ONE

THE BACKGROUND

CHAPTER 1
INTRODUCTION
I. TYPE STUDY

No one knows how many different kinds of animals there are
living today. When Aristotle (384-322, B.c.) wrote the first
History of Animals he suecceeded in rounding up only about 500
species, in spite of the faet that Alexander the Great, his famous
pupil, gave special instructions to his conquering armies to aid in
collecting from the ends of the earth the information about foreign
animals which his old master so eagerly desired.

Since Aristotle’s day explorers have stretched the horizon which
then shut in the Mediterranean world, until now even Darkest
Afriea has been entirely crisscrossed, both poles have been trampled
upon, and there is no considerable corner of the globe anywhere,
on land or sea, from which authentic tales of animal life have not
been brought back.

The authorities of the British Museum estimate that there are
upwards of 600,000 species of living animals known to science, and
in addition many more of extinet animals which have no living
representatives and are known only by their fossil remains. The
inquirer who would be informed about these things may well be
appalled at the prospect of passing in review within a single life-
time of study this wealth of animal variety.

John Malpet, who in 1567 wrote one of the first “natural his-
tories” in the English language, started his treatise with the
hopeful sentence,—* Let us begin alphabetically with the adder.”
There is an easier way out of the situation, however, than by John
Malpet's alphabetical method. Even Aristotle recognized in the
make-up of animals a unity of plan which throws them into natural
groups, so that when one knows about a single representative of
a group he has considerable knowledge of all other kinds within
that particular group.

1
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Thus, familiarity with the mechanism and behavior of the house
cat gives one a working knowledge of all other kinds of cats, such
as the lion, tiger, lynx, leopard, ocelot, jaguar, wildcat, puma,
cheetah, and panther. Much of the fascination that goes with
the study of animal life lies in tracing resemblances and differences
between various sorts of animals.

Although the number of kinds of animals is very great, the dif-
ferent general types or plans of structure are relatively few, so
that the zoslogical student, by using the type-study method, may
set out confidently and with a brave heart upon the ambitious
quest of intellectually conquering all creation.

A list of the chief types of animals comprises:—PROTOZOA,
C(ELENTERATA, ECHINODERMATA, PLATYHELMINTHES, ARTHROPODA,
NEMATHELMINTHES, MOLLUSCA, ANNULATA, and CHORDATA.

II. COMPARATIVE STUDY

Of all animal types the chordate type is of most immediate
interest, since it includes man. Many of the riddles connected
with that much studied amimal find their solution in the lower
forms. For example, the parietal body, a eonical projection about
the size of a cherry stone buried between the lobes of the human
brain, the use of which baffled anatomists for centuries, found a
ready interpretation when Baldwin Spencer in 1886 dissected
a New Zealand lizard, Sphenodon, by some called a “living fossil.”
He discovered that, in the chordate type, the “parietal body,”
or a part arising from it, probably is simply a degenerate eye, for,
in this eurious primitive animal, it reaches, with retina and nerve
complete, all the way to a transparent window in the roof of the
skull, and, in early life at least, may function as a third eye.

It is entirely true that frequently more may be learned of human
development and structure by the intelligent examination of a dog-
fish, or some lower vertebrate, than by the study of the human
body itself. This is due not so much to the greater availability
of the lower animals for dissection and experimentation, as to the
faet that parts of lower animals show stages through which the
human body has passed in arriving at its present degree of com-
plexity, and thus furnish the key for the interpretation of the why
and wherefore of the “fearfully and wonderfully made” human
mechanism.  Herein lies the value of comparative biology.

The indirect path has thus often been the shortest way in the
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history of seience. For example, inquisitive Ben Franklin, out in
the thunder-storm with his key and kite, made the first step to-
wards harnessing electricity. The Frenchman, Daguerre (1789-
1851), trying to discover some way to clean tarnished silver,
blazed a path which has become a broad highway in photography
and the colossal motion-picture industry, while Pasteur, a thinking
chemist, interested primarily in the apparently remote subject of
the shape of erystals, laid firm foundations for the far-reaching
developments of bacteriology and modern medicine. When such
facts as these are remembered, nothing about the structure or
activities of any animal, however familiar or strange, becomes
insignificant or trivial to the seeker after truth coneerning man.

ITII. THE ESSENTIAL FEATURES OF EVERY
ANIMAL TYPE

Every kind of living creature must possess machinery of some
sort for accomplishing two fundamental things, namely, metabo-
lism and reproduction. Melabolism
includes all activities that concern
the upkeep of the individual, such as
the intake of energy by way of food,
its release in the form of action which
constitutes “living,” and the disposal
of waste produets incident thereto.
Reproduction provides for the con-
tinuation of the species upon the
earth, often at the cost of the indi-
vidual life. The former funetion may
be designated as selfish and egoistic; Fic. 1.—A typical insect, show-
the latter as unselfish and altruistic. I the chemnan, ATATIDArODS

as the chief region of metabo-
A typical insect, for example, is lism and reproduction, the loco-
: - : motor thorax, and the directive
made up of three easily distinguish- ;.4
able regions, in order of relative
importance, the abdomen, thorax, and head (Fig. 1). In the
large abdomen is lodged the principal machinery for metabolism
and reproduction, that is, most of the digestive apparatus, the
respiratory, exeretory, and ecirculatory mechanisms, and the re-
productive organs. The thorar is devoted primarily to locomo-
tion, furnished as it is with three pairs of legs and usually two
pairs of wings together with the museles necessary to work
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them, and 18 thus enabled to move the abdomen about to
places where it can selfishly procure energy-producing food and
unselfishly provide for the next generation. Finally, the head,
with its battery of various sense organs and a correlating brain,
is added, to direet the thorax where to go and what to do
when it arrives, in the essential task of ministering to the abdo-
men. Many animals get along comfortably without head or loco-
motor deviee, but none can dispense with the all-important
abdomen or something corresponding to it. Even in man that
crowning glory, the head, of which he is apt to be especially proud,
as well as the locomotor legs, become quite subsidiary when the
body, which corresponds to the insect’s abdomen, sends out the
imperious call of hunger or of sex.

The funetion of metabolism is usually accomplished in a different
way by animals than by plants, with the result that most plants
remain stationary while most animals move about. The reason
for this lies in the fact that green plants possess the power, in the
presence of sunlight, of building up their foods out of universally
distributed materials, such as earbon dioxide in the air, water, and
various inorganic compounds in the soil. No animal can do this,
so it comes about that all animals must find their energy, either
directly or indireetly, in the stored supply already eaptured from
the sun by green plants. This is why most animals are fated, like
the Wandering Jew, forever to be travelers, a condition which
necessitates in animal types some adequate device for locomotion
and consequently an accompanying sensory equipment. The fact
that certain animals, like oysters and corals, are sedentary, is the
exception. “Their strength 1s to sit still” (Isaiah). In the case
of these animals the dependence upon green plants, however, is
quite as complete as among locomotor forms. They feed upon the
mieroscopic plants that form the floating meadows of the ocean,
and, therefore, have developed secondary deviees for bringing this
floating food to them.

IV. SYMMETRY

There are no animals with less than three dimensions, although
some of the lower forms are so small as to necessitate very delicate -
instruments to determine their length, breadth and thickness.

The science of the form and shape of organisms is called Morphol-
ogy. 1t is eclosely related to Solid Geometry with the difference:
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that the mathematician has little oceasion to inquire, for instance,
why one figure is a cube and another a sphere, while the biologist
is constantly being challenged to explain the reason for the shape
of each organism which he encounters in relation to its adaptation
to the particular life that it leads. Moreover, the forms and
figures that the geometrician deals with are the arbitrarily created
children of the human mind without any modifying past, while
the forms of animals and plants which the biologist considers are
the produets of an actual historieal procession of ancestral shapes
that have all left their determining impress.

Three fundamental shapes or forms among animals are recog-
nized, and, as a result, three general types of symmetry, namely,
spherical, radial, and bilateral. Each of these types may be
camouflaged in various ways by secondary modifying qualifica-
tions. Spherical symmetry is rare. It is found only among mi-
eroscopic animals, such as, the “sun animalcules,” or Heliozoa
of the protozoan type, which float, surrounded by water on all
sides and without contact with anything solid. Many water
animals, on the contrary, become attached, during a part of their
life at least, and lead a sedentary plantlike existence. Such
anchored animals are usually headless, and frequently develop a
crown of radiating arms or tentacles, which enable them to reach
out in every direction to explore as far as possible their neighbor-
hood. This headless plan is the radial type of symmetry, which, in
general, 1s characteristic of trees and stationary plants, of attached
animals, and of some other aquatic animals whose food is brought
to them floating in water. On land, where food does not float in a
transporting medium, animals have to travel to obtain food when
they are hungry, and this has made necessary the development of
a directive head. A head end appears in many water animals,
such as fishes, for example, but it is an absolute necessity for
locomotor land animals. Whenever an animal moves persistently
in one direction with reference to its own body, in other words
whenever there is a head end established, there results bilateral
symmetry. The body presenting this type of symmetry may be
divided into halves only by means of the three planes which
can be arranged with reference to length, breadth, and thickness.
In radial symmetry, on the other hand, the number of divisional
planes is practically indefinite, like the number of ways in which
a sphere may be cut into similar halves or hemispheres.
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The three planes (Fig. 2), biseeting length, breadth, and thick-
ness, divide any head-ended animal into definite regions, very
useful as landmarks in deseription, as follows:—

SAGITTAL PLANE dividing the body into RIGHT and LEFT HALVES;
TRANSVERSE PLANE dividing the body into ANTERIOR and ros-
TERIOR HALVES;

FRONTAL PLANE dividing the body into porsaL and VENTRAL
HALVES,

The sagittal and frontal planes are so named because of certain
sutures in the human skull with which they coincide. It is obvious
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Fig. 2.—The planes of symmetry in bilaterally symmetrical animals, with the
resulting regions. S.P, sagittal plane; F.P, frontal plane; T.P, transverse
plane; K, right; L, left; D, dorsal; V| ventral; A, anterior; P, posterior.

that man moves with the ventral body-half in front, instead of the
anterior body-half, because he is a head-ended, bilaterally sym-
metrical animal tipped up on end.
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V. VERTEBRATE CHARACTERISTICS

In the vertebrate or craniate type (see page 15) there are certain
distinguishing features that serve to mark off this type from all
others. Of these the most diagnostic are the following:

1. A Living Endoskeleton

The skeleton, primarily a dorsal axis or vertebral eolumn to
which other parts are attached, is inside the body. It is made up
of living tissues that continue to grow and so to meet the demands
for an adequate scaffolding in a body of increasing size. This is
why it is possible for vertebrates to become the largest known
animals. Among non-vertebrates, such as molluses and arthro-
pods, the skeleton is outside the body, forming an imprisoning
armor. Since it is a seereted structure, and consequently dead, 1t
does not conveniently allow for extended growth, so that no one
ever heard of a clam, a lobster, or an insect as large as an elephant,
a whale, or a dinosaur.

2. A Notochord

Not every vertebrate has a backbone, made up of separate parts
as the name “vertebrate’’ would indicate, but all possess, at least,
early in life, a dorsal axis of peculiar structure, called the notochord.
A few primitive vertebrates retain the notochord throughout life
but in most cases it is a transient, skeletal axis, which later is re-
placed by the backbone.

3. A Single, Tubular, Dorsal Nerve Cord

The central nervous system extends along the dorsal side of
vertebrates in the form of a single tube, a result brought about
by the manner of its development. This tube has a hollow en-
largement at the end, called the brain. In very primitive animals,
which have not yet acquired a definite nervous system, such as
Hydra and other ccelenterates, the outside of the body serves the
purpose of sensory mediator. Any structure as delicate and spe-
cialized as the nervous system, however, cannot become efficient
as long as it remains on the outside. Hence, in all animals except
the simplest, the nervous system becomes protectively buried
within the body. In vertebrates the burial is by the process of
invagination, that is, the outer layer of the body along the dorsal
side grows so rapidly that a groove is formed, the walls of which
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push down into the underlying tissues and finally close over to
become a tube. Eventually this tube is entirely detached from
the outer layer and buried beneath it.
The successive stages in the formation
of the vertebrate nerve cords are shown
diagrammatically below in eross section
(Fig. 3, A).

In a typieal invertebrate, such as a
worm or an insect, the central nervous
system 1s buried by a different manner
Fia. 3.—Successive stages in of growth, called delamination. Here

E::;:“:EI?E:} “il{lii.j}.:mﬂli tf:; there 1s a thickening along the ventral

invagination; B, by delam- side of the animal which eventually

Fadely splits off inside, forming a solid, in-
stead of a tubular nerve cord (Fig. 3, B). Frequently the delam-
inated nerve cord of invertebrates is double rather than single as
in vertebrates.

9441)>
FEE(

4, A Postanal Tail

A true tall may be defined as a continuation of the vertebral
column posterior to the anal exit of the food tube. That part of a
lobster, for example, which is some-
times erroneously called the ‘“tail,” is
not a true tail at all, but is really the
abdomen, since the anus opens at the
end of it. Each vertebrate has a true tail,
ancestrally, embryonically, or through-
out life. KEven apparently tailless man
in his early stages has a well-defined tail
(Fig. 4), and there are numerous cases
reported in medical literature of evi- Fic. 4—Lateral view of a

dent human tails that persist beyond Young human emhbryo
o H c showing tail. (After Ecker.
embryonic life. g (After Ecker.)

6. Never More than Two Pairs of Paired Appendages

Myriapods, or “thousand-legged worms,” do not have as many
legs as their name implies, but they have a large number. Other
bilaterally symmetrieal animals, such as marine worms and
crustaceans, have a varying number of paired legs, while spiders
and their allies have four pairs, and insects three pairs, usually
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with additional wings, but vertebrates alone are limited to two
pairs. This is a reasonable and logical number because four legs
furnish the most efficient and economical support for any sort of
an elongated bilaterally symmetrical objeet, such as a table top, a
bedstead, or a horse. Certain vertebrates, it is true, have lost one
or the other of their pairs of appendages, and snakes, for example,
have lost both pairs. The only vertebrates with more than two
pairs exist in the imagination of those artists of the olden days
who painted a pair of gratuitous wings on the shoulders of their
canvas angels.

6. Mouth Closed by a Lower Jaw

The anterior opening of the food tube is elosed in various ways.
In Hydra and many other primitive forms without jaws, the mouth
is simply a puckerable hole. When jaws are present they may be
arranged in a cirele, as in some sea urchins, closing the mouth
centripetally, or they may be side by side, elosing the mouth
laterally, as in arthropods, or finally, there may be a movable
lower jaw, closing the mouth by lifting up, as among the verte-
brates.

7. Pharyngeal Breathing Device

In fishes there are several porthole-like passages, or gill slits,
penetrating through the walls of the food tube on either side of its
anterior end. Within these gill slits hang feathery tufts of eapil-
laries (gills), which rob the circulating water of its eontained air
and so acecomplish “breathing.” Gill slits, or traces of them, are
present, at least in early life, in all vertebrates whether dwelling in
water or out of it, even in reptiles, birds, and mammals, which
never breathe by means of gills at any time during their life.
Whenever breathing is accomplished by lungs, such organs develop
as side alleys from this same anterior pharyngeal region of the
food tube where the gills oceur. No invertebrate breathes in this
way, and, although many kinds of animals employ gills of various
sorts, pharyngeal gills and gill slits, or traces of them, are peculiar
to vertebrates.

8. Ventral Heart

The heart, which is the headquarters of the circulatory system,
is ventrally located in vertebrates. In other animals when a heart
is present, it is on the dorsal side.
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9. Closed Blood System

In vertebrates the blood courses through a continuous system
of tubes, known as arteries, veins, and capillaries. Invertebrates,
on the contrary, at least certain ones, have an open blood system,
that 1s, one in which the blood may pass freely back and forth
between the proper blood vessels and surrounding spaces or
sinuses. The contrast is remotely like that between the water-
works of a modern city with water confined to pipes and mains,
and the open ponds and streams of the country-side.

10. Hepatic Portal System

In vertebrates the food-laden blood always passes through a
strainer-like capillary network (liver) before it arrives at the heart
to be sent over the hungry body. Although other animals have
organs that are called “livers” by courtesy, only vertebrates have
a true liver, or clearing house where the blood is reorganized by
addition and subtraction of wvarious substances before being
distributed to different parts of the body.

11. Red Blood Corpuscles

The red coloring matter in blood (h@emoglobin) is a complicated
chemical substance, having the power of picking up and throwing

_ . ~exoskeleton._ NON-CHORDATE

Fia. 5.—Comparative diagrams of the fundamental plans of a non-chordate
(above) and a chordate (below).

off oxygen in the vital process of releasing energy. Among ver-
tebrates hemoglobin is lodged in special eells, the red blood
cells, or “corpuseles.” Whenever it is present in invertebrate
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blood, it is dissolved in the plasma, or liquid part of the blood,
since there are no red blood cells in invertebrates.

VI. COMPARATIVE DIAGRAMS OF CHORDATES
AND NON-CHORDATES

A visualized summary of certain of the points of contrast between
a generalized chordate and a corresponding non-chordate, is pre-
sented in Fig. 5.



CHAPTER 11 ;
KINDS OF VERTEBRATES (TAXONOMY)
I. TAXONOMY

It is quite necessary for the intellectual peace of mind of the
student to arrange the different animals that he considers in some
sort of a logical classification. This is Taxonomy.

Any good classification is much more than a simple convenience,
since it expresses a compaect summary of our knowledge of the
origin and derivation of different animals. Consequently, to make
any sensible classification it is necessarv to know details of strue-
ture, internal and external, and something of the historical vieis-
situdes through which animals have passed.

In putting together animals of a kind the ideal eriterion to em-
ploy is relationship rather than outward resemblance, and it is the
particular province of comparative biology to discover relation-
ships. Thus, a whale is properly classified with the mammals rather
than with the fishes which it superficially resembles and with
which 1t associates, because its common origin with mammals is
indicated by the fact that, along with many other mammalian
peculiarities, its young are born alive and are fed at first upon
milk.

Owing to the incompleteness of our present knowledge about
the blood-relationship of animals, there is still much controversy
among taxonomists as to “who’s who™ in classification, but there
is substantial agreement in the use of the following successive
groups in which

like INDIVIDUALS make up SPECIES;
i i

SPECIES GENERA :

* GENERA ¢ ¢ PAMILIES:
““  FAMILIES W oRDERS:

“  ORDERS * % CLABSER;

‘“ CLASSES ‘o PHYLAG

“ PHYLA * Y KINGDOMS.
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The manner of employving these groups may be illustrated by
classifying a particular individual house cat, named *Tom”
(Fig. 6). It will be seen that this particular cat finds himself sue-
cessively in more and more inelusive groups, of less and less kin-
ship, until finally, as a member of the vast animal kingdom, he
has quite lost his identity. If now we go backward on the diagram

Fig. 6.—The taxonomy of a cat named “Tom."

from the animal kingdom end we find the individuality of “Tom ™
gradually emerging, until it may be finally concluded that he
possesses at least not only all the characteristics of vertebrates
listed in the preceding chapter, but that he has also all the strue-
tural apparatus necessary to make him a carnivorous mammal, that
he resembles more or less intimately his distant cousins, the lions,
tigers and their kind, and that he is very much indeed like other
domestic cats.
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II. SCIENTIFIC NAMES

It is necessary in the serious study of animals to employ scientifie
names. Common names like nicknames or pet names, may have
only a local application and do not always lead to sufficient ac-
curacy of determination. The Swedish naturalist Linné (1707-
1777) introduced into biology a complete system of scientific nam-
ing. He employed Latin mostly in making up these names. This
was advisable since Latinis a “ dead " language, no longer subjected
to the changes in form to which any spoken language is liable, and
comes nearest to being the universal language of educated peoples
of all tongues. He faithfully christened all the animals and plants
known to science in his day with a scientific name, and even in-
cluded himself, so that he is generally known by the Latin name of
Linnazus.

A complete scientific name consists of three parts, that is, the
name of the genus to which the animal belongs, the name of the
species, and the name of the namer, or godfather, who does the
christening. Thus, Felis domestica, Linn. 1s the proper scientific
name for every common house cat, because these cats belong to
the genus Felis, and to the species domestica, and were so named
in the first place by Linnaus himself,

When the same kind of an animal is given two or more scientific
names independently, as frequently oceurs, the confusion is rem-
edied by adopting the first name assigned, if it can be so deter-
mined. This is in accordance with the “law of priority.”

In any scientific name the genus is invariably written with a
capital letter and the species with a small letter, although it is
permissible sometimes, when the species is named in honor of a
person or place, to employ a capital letter for its name. In com-
mon practice the name of the namer, which is principally useful in
determining priority in doubtful cases, is frequently omitted.

Every student of biology who sets out in earnest to excel, must
conquer any childish aversion he may have for the imaginary
terrors of scientific names and should acquire, as soon as possible,
facility in the use of these important tools of his trade.

III. A ROLL: CALL OF VERTEBRATE CLASSES

Before proceeding further with the consideration of the compara-
tive biology of vertebrates it is necessary to pass in brief review the
different vertebrates between which comparisons are to be made,
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The phylum Chordata may be lined up in the following array —

Subphylum 1. proTOCHORDA
Class 1. Hemichorda
Order 1. Enteropneustia
Class 2. Urochorda
Class 3. Cephalochorda
Subphylum II. VERTEBRATA
Class 1. Cyclostomata
Class 2. Pisces
Class 3. Amphibia
Class 4. Reptilia
Class 5. Aves
Class 6. Mammalia

1. Border-line Chordates

The important peculiarities which characterize the subphylum
Vertebrata of the phylum Chordata have already been indicated in
the first chapter. There are certain animals, however, which have
diffieulties in qualifying completely in all particulars as vertebrates,
but are, nevertheless, classified as chordates. These interesting
connecting links with the invertebrates may be called “border-
line chordates,” or Protochordates. They are subdivided into Hem:-
chorda, Urochorda, and Cephalochorda.

A. HeMmicHORDA

Balanoglossus awranticus, Girard (Fig. 7), may be taken as a
representative of the Hemichorda, of which there are only a few
genera. This small, fragile, worm-
like animal has no common name,
since it is not commonly known, an
additional reason for resorting to
the use of a scientific name. It pos-
sesses a rare Interest for the com-
parative biologist since, unlike any
true worm, it has a series of pha-
ryngeal gill slits, a stiffening skeletal
structure in the anterior region
suggesting a notochord, three pairs Fig. 7.—Balanoglossus, a border-
of ceelomic pouches, and a nervous {'::_‘f;&ﬂﬁ"i with gill slits.  (Af-
system consisting of dorsal and ket
ventral strands extending lengthwise the body. The dorsal
nerve strand, which is the larger, separates from the outside, in
its anterior region at least, and is buried by invagination in true
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vertebrate fashion. In most particulars Balanoglossus is wormlike
in structural details, but the few vertebrate features just men-

1. 8.— Balanoglossus in its tube
30-60 em. deep in sand. (From
Hesse, after Stiasny.)

tioned suffice to indicate its prob-
lematical position between verte-
brates and invertebrates. It lives
in mud at various localities along
the Atlantic seashore where at low
tide its burrows may be identified
by peculiar coiled piles of castings
(Fig. 8), much like those deposited
by earthworms upon the land.
Different species of the subphy-
lum Enteropneusta are found wide-
spread in similar habitats the world

over. For example, Dr. W. E.
Ritter, an authority upon this group of animals, discovered in
1896 during the Harriman Expedition, among other kinds along
the shores of Alaska, a new genus, probably the
most primitive of them all, which he christened
Harrimania (Fig. 9), in honor of the expedition.

B. UrocHORDA

The Urochorda are the marine {unicales or
ascidians, so-called from a peculiar, baglike outer
envelope or “tunic’” with two openings, and also
because their general appearance suggests an “as-
cidium,” the Latin name for a primitive wine sac
made of goatskin.

These degenerate representatives of the verte-
brate idea are all marine organisms, living for the

Fig. 9. — Harri-

most part a colonial, sedentary life. Molgula man- ?:;;‘”" Iﬁf?f{ 2
hattensis, DeKay, a common “sea squirt” found  (After Spen-
g(:l.jl

along the Atlantie shore attached to piles, floating
seaweeds, and other objects, may be taken as a typical species.
The essential features of its structure may be learned from the
diagram of a simple ascidian (Fig. 10). It will be seen that
water, containing oxvgen and microscopic food particles, when
taken in through the incurrent opening, may stream out through
the large perforated pharynx (gill slits) into the surrounding
chamber and so accomplish breathing, or the food particles in the



KINDS OF VERTEBRATES 17

water may escape past the pharyngeal openings of the gill slits
and reach the gullet, where they are then forwarded into the
digestive tube itself. This is quite like the pharyngeal arrange-
ment in fishes for breathing and feeding. The principal part of
the mechanism which insures the transfer of food particles past
the numerous gill slits to the gullet of a tunicate, 1s a cihated
groove, the endostyle, extending down the side of the pharynx.
Sticky muecus is produced by
the glandular walls of this
groove and the cilia in the bot-
tom of the groove create a cur-
rent which causes the food par-
ticles to become entangled in
the mucus. Thus a continuous
rope of food-laden mucus is for-
warded into the gullet. More-

+-anus
Vi4-Tunic

18 dorsal and hollow, both typi-
cal features of vertebrates.

It is the early life of the tuni-
cate, however, that gives the
real key to its unmistakable
relationship to true vertebrates
which it so little resembles when
superficially examined. The egg
develops into a free swimming
larva like a tadpole (Fig. 11), which shows in its locomotor tail
an unmistakable notochord, and a single, tubular, dorsal nerve
cord. This is the reason for the name of the group “ Urochorda™
(uro, tail; chorda, notochord). After the larva swims about for a
while and grows somewhat in size it settles down on a suitable
support and enters on its lifetime of stationary existence. The
tail, no longer needed for locomotion, is transformed into other
tissues and the tunicate thus sacrifices most of its birthright of
vertebrate characteristics, that is, notochord and tubular dorsal
nerve cord, for the doubtful advantages of sedentary serenity.

over, the heart of the sea squirt :

: ; : __ganad

is ventral in location, and the W, duc
central nervous system, al- | SN ,__Lntgs,’cine
though reduced and insignifi- -Pﬁcﬁhgﬁggpm
cant in these sedentary animals, A | ) -)_gonad

FiG. 10.—Organization of a simple
tunicate. (After Haller.)
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Some tunicates are colonial in habit and live connected together
in more or less dependence upon each other, a state of affairs not
uncommon among the lower animals, but which does not occur

atria] opening dangli
gill slits , n:;z?h
: s
T I..-... .! . LT l" cj_

P“éé’{f‘f‘;ﬁhl__a}

1ment i

intéstine ~d

Fig. 11.—Ihagram of a larval tunicate, Claveling, just become attached.
(After Seeliger.)

ru

elsewhere among vertebrates. This compound or colonial manner
of life is shown, for example, by Botryllus (Fig. 12), a small tunicate
that grows in starlike, slippery patches over the surface of seaweeds
that float in the shallow waters of the seashore. Here the in-

FiG. 12.—Botryllus, a compound tunicate. A, section of a colony, showing
the common exit; B, surface view of two colonies surrounded by a gelat-
inous mass, growing upon the flat surface of a bit of seaweed.

current openings of the different individuals are separate, being
arranged in a circle around a common excurrent opening.

Other colonial tunicates, the beautiful transparent “chain Sal-
pas,” for example, are pelagic in habit, forming elongated rafts,
which float near the surface of the ocean, usually many miles from
land. Most primitive of all these humble cousins of the verte-
brates are the miecroscopic A ppendicularia, tiny ghostly creatures
of the vast oceans which live a life of freedom and do not relapse,
like other tunicates, into unambitious sedentary degeneration.

2. Cephalochorda
Of the chordate vertebrates, that have either a notochord or a
backbone in adult life, the subphylum Cephalochorda, so named
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because the animals comprised in it have a notochord extending
into the head, includes only two genera, Branchiostoma (usually
known as Amphiorus) and Asymmetron, and less than a dozen
species. These animals, because of the absence of a cranium or
brain case, are sometimes called Acraniata. If they had a eranium
they would have nothing to put into it, for they are brainless little
creatures whose nerve cord fails to enlarge at its anterior end into
anything like a brain, vet amphioxus has had enough written
about it by secientists to fill more than one ponderous tome. The
reason for this unusual distinetion lies in the faet that it is the
simplest known vertebrate animal, and contains the beginnings of
many great things.
“It's a long, long way from Amphioxus
But we came from there!”’

The unique biological significance of this elementary ancestor
was first made known by Johannes Miiller (1801-1858) almost a
century ago, and now no book upon the higher animals is complete
that does not reckon with this famous, tiny ereature, in which the
chordate plan is reduced to its lowest terms,

Amphiozrus, or the “lancelet’ as it is sometimes ecalled, is an
elongated, semi-transparent, fishlike animal of perhaps two or
three inches in length when full grown, somewhat pointed at either
end, as the Greek name (amphi, both; oxus, sharp) would indicate.
In habit it is largely sedentary, lying buried in the sandy bottoms
with its anterior end’ projecting, although some of the species of
the genus Branchiostoma are pelagic. The lancelets dwell in
tropical or semi-tropical seas in localities as far apart as the Bay of
Naples, the coast of Peru, Japan, the Indian Ocean, California, the
Philippines, West Indies, Australia, North Carolina, Hawaii, the
Maldive Islands, and China. This wide distribution suggests the
great antiquity of the type which, in spite of its poor means of
locomotion, has had time to spread to the uttermost corners of the
earth. Off the coast of Southern China, north of the Island of Amoy,
amphioxus is so abundant that it forms an important food-fishery
which has been worked by the Chinese for centuries. Professor
S. F. Light, of the University of Amoy, writes:! “Here on this
little strip of coast about 400 fishermen, using 200 small boats,
are engaged for from two to four hours on the ebb tide of every

calm day during the nine months from August to April of each
I Seience, July 27, 1923.
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year in dredging for amphioxus for the market. The catch aver-
ages about 2,600 pounds, well over a ton for each calm day during

¥
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Fic. 13.—Diagram of amphioxus. a, anus; a.p, atrial pore; c.f. caudal fin;
cir, cirri around mouth; d.f, dorsal fin; f.r, fin rays; g, gill shts; in, intes-
tine; liv, liver; m, mouth; my, myotomes; n.c, notochord; o, ovaries; s.e,
spinal cord; v.f, ventral fin. (After Perrier.)

the nine months of the fishing season and a total of hundreds of
tons of amphioxus taken during the year!”

However, it 1s not as a source of Chinese food that the chief
interest in amphioxus lies, but beeause in its development and
structure it points the way in which
the complicated conditions found
in higher vertebrates take their rise,
It will be necessary later on, when
tracing the origin of various verte-
brate organs, to refer repeatedly as
a starting-point to the stage of de-
velopment presented by amphioxus,
Now brief attention is called to only
a few of the more conspicuous pe-
culiarities of this chordate “Adam
and Eve.”

Reference to diagrams (Figures 13
Fia. 14.—Cross section of amphi- and 1"1) will show the presence of

OXUS. ji-‘f. durst;t{ [in; a_".rr.ri,_ s!n'nul (1) a typical notochord, extending the

::{u::rji:,,u:ﬁn‘nmlr:u‘; n:i::;m, ":T,‘:: entire length of the body; (2) an in-

dorsal aorta; e.g, epibranchial paginaled nerve cord lying above it;

Ef':ffi’fj‘:ﬂfhritfiﬂ:?lm:']rr:"p}fl{!! (3) a postanal tail, and (4) an ex-

peribranchial cavity; en, endo- tended series of lateral pharyngeal

style; v.a, ventral artery; Lf, . . . .

lateral fin. (After R. Hertwig.) il Il slits. These j.‘."ilI slits are enclosed

within a pharyngeal echamber which
opens to the outside through a ventral “atrial pore,” correspond-
ing to the excurrent opening from the tunie cavity of the tunicates
(Fig. 10). Along the floor of the pharyngeal chamber there extends
an endostyle similar in structure and function to the endostyle of
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tunicates. At the anterior end is a circle of bristle-like “ecirr’”
that guard the mouth, and help to direct the microscopie food 1nto
it, while running along the dorsal side of the body and around the
tail ventrally, is a continuous median fin. This fold of the skin, as
it passes around the tail end, expands to form the conspicuous

tail fin

oral opening lateral fin al.-nal opening anus

Fia. 15.—Ventral view of amphioxus, showing lateral fin folds, which are
forerunners of the paired appendages of higher animals. (After Kirkaldy.)

“eaudal fin,” and when the fold reaches the region of the atrial
pore anterior to the anal opening, it divides like a letter Y, and
extends forward as lateral folds (Fig. 15). It is out of persisting
parts of similar lateral folds, which are laid down temporarily in
the embryos of higher vertebrates, that the paired locomotor ap-
pendages are formed (Fig. 16). The food tube is short, direct,
and uncomplicated, and has
growing out from it a blind
sac, the [liver, lined with
glandular epithelium and
supplied with a network of
blood vessels that represents
the beginnings of a verte-
brate hepatic portal system, Fia. 16.—Diagram of the phylogenetic de-
because the blood from the velopment of unpaired and paired fins.

sy E A, Amphioxus stage, with continuous
food tube has to L this fins; B, differentiated stage, with fins re-

capillary strainer in the liver maining after partial absorption of the
before it goes forward to the Eﬂﬂg }cuntinunus fins. (After Wie-
gills and thence over the '
body. There is no eonspicuous heart present but a ventral blood
vessel, lying below the pharynx is larger than the other blood
vessels and is prophetic of a future vertebrate ventral heart in the
higher forms.

Unlike the tunicates or Urochordates, Cephalochordates as
well as Hemichordates probably represent simple, primitive,
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advancing animals, and not forms whose simplicity is the
result of degradation.

3. Craniates

A. CYCLOSTOMES

The lamprey eels (Fig. 17), and hagfishes, which show a great
advance in the vertebrate series over the forms thus far considered
are so different from other fishes that they have been placed in
a class by themselves. They are called “eyclostomes’ (eyclo,
round; stome, mouth) for the reason that, instead of typical verte-
brate jaws, they have round, jawless, sucker-like mouths by which
they attach themselves to the sides of fishes or to other objects.
When a hagfish thus fastens to a fish it may rasp a hole, with the
filelike horny teeth attached to its musecular tongue, quite through
the sides of its unfortunate host, and so eventually cause its
death.

The eyclostomes are distinguished chiefly by the absence of
certain customary fishlike struetures. They are not only jawless

Fi1a. 17.—Lamprey eel, Petromyzon. (After Goode and Bean.)

but are also without paired fins, scales, swim bladder, cloaca,
oviducts, true teeth, vertebrz, ribs, or bones of any kind. All are
eel-like in shape, but are not to be confused with true eels, which
have a bony skeleton including jaws, instead of a skeleton con-
sisting only of a persistent notochord.

The larval lamprey has an endostyle and obtains its food by
ciliary ingestion like amphioxus. During metamorphosis into the
adult the endostyle becomes the thyreoid gland, to which further
reference will be made in a later chapter.

Only a few genera are reported as belonging to North America.
The best known are the hagfishes, Myxine (Atlantic) and Polis-
totrema (Pacific); the lampreys, Petromyzon, found both in fresh
and salt water, Ichthyomyzon of the Great Lakes and Mississippi
Valley, and the brook lamprey, Lampetra.
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The hagfishes are particularly slippery ereatures, producing
often so much mucus, when uncomfortably confined in a bucket
of water, that they thicken the water into a gluey mass. Lin-
nzus deseribes Myxine glutinosa of Europe in compaet Latin with
the words: “Intrat et devorat pisces; aquam in gluten mutat.” Lam-
preys are used for food, particularly in Europe. Cicero bewailed
the tendency of the voung spendthrift Romans of his day be-
cause they spent altogether too much time in reveling at night
and in feasting upon such delicacies as lampreys.

B. Fisues

Over one half of all the kinds of vertebrates are fishes. They
form the dominant inhabitants of the waters of the earth which
stretch out over considerably more area than the land masses.
When Pliny (23-79 a.p.) wrote his Historia Naturalis he enu-
merated 94 kinds of fishes then known to the Roman world.
Linnwus in 1735 listed 478. Jordan and Everman, in “ Fishes of
North America’” (1886), deseribe 3112 American species, while
the ichthyologists of the British Museum name about 20,000
species the world over at the present time. Approximately eight
out of every twelve of these species are pelagic inhabitants of the
open oceans, three are either coastal in distribution or found in
inland waters, and one is a dweller down in the darkness of
the deep sea.

Fishes vary enormously in size, all the way from the dainty
Mistichthys luzonensis, L., of the Philippines, which is only about
half an inch long when full grown, to the colossal shark, Rhinodon
typicum, S., which, according to Hempel, has been known to attain
a length of sixty-five feet. There is likewise a remarkable range
in the body form of fishes, as indicated by representatives shown
in outline in Fig. 18, A-G.

The key for understanding the fish plan is to be sought in the
adaptation of these animals to life in water. For example, the
generous tail, which frequently is more extensive than all the rest
of the body, is a locomotor organ entirely effective in sculling
through the resistant medium of water, but which would be quite
useless out in thin air.

An elementary working assortment of fishes into their prineipal
distinetive groups, is made up of five classes: Elasmobranchii,
Holocephali, Ganoidei, Dipnoi, and Teleostei.
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Fia. 18.—Some unusual styles of fishes. A, Hippocampus; B, Sternoptyr; (',
Servivomer; D, Sebastopristis; B, Tetraodon; F, Chetodon; G, Anligonia.
(A, after Hilzheimer; I8 and ', after Goode and Bean; D to 7, Hawaiian
fishes. )
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1. Elasmobranchii (Gristle fishes)

The fifty-seven genera of elasmobranchs in North America in-
clude about sixty species each of sharks and of rays. The sharks,
dogfishes, and their allies, or the Selachians (Fig. 19, A and C), are
active, graceful, elongated animals that prey upon other fishes.
The rays, skates, guitar fishes, torpedoes, and their allies, on the
contrary, are flattened, sluggish bottom feeders (Fig. 19, B).

Fia. 19.—Elasmobranchs. A, nurse shark, Somniosus; B, a skate, Raia,
(After Goode and Bean); €, a sawfish, Pristis. (After Boaz.)

Every elasmobranch may be distinguished by the following
characteristics: (1) a mouth ventral in position rather than
terminal; (2) openings of the gill slits separate and exposed, that
i8, not concealed behind a flap, as in other fishes; (3) a skeleton
cartilaginous rather than bony, henee the common name * gristle
fishes;”" (4) placoid scales, that is, scales like tiny thumb tacks
embedded in the skin, without shingling over each other as ordi-
nary fish scales do; (5) a “spiral valve’ in the intestine; (6) contour
of the tail in side view showing two flanges, of which the dorsal one
is the larger (heterocercal); (7) paired pelvie fins, which in the male
are modified into “‘clasping organs;” and (8) the production of a
relatively small number of eggs, that hatch and develop into con-
siderable fishes within the oviduet of the mother before being born
alive, instead of a prodigious number of uncared-for eggs broad-
cast in the water, as is customary with most fishes.
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2. Holocephali

Existing representatives of the Holoeephali are included in three
genera, Chimara (Fig. 20, A), “on the coasts of Europe and Japan,
and the West Coast of North America and at the Cape of Good
Hope;” Callorhynchus (Fig. 20, B), of south temperate regions;
and Harriota (Fig. 20, C), in the deep sea.

Fic. 20.—Holocephalan fishes. A, Chimera; B, Callorhynchus; C, Harrota.
(After Goode and Bean.)

The biological interest in these uncommon, bizarre ‘‘elephant
fishes,” or “spook fishes,” lies in their intermediate anatomical
position between sharks and rays, and other fishes. As in most
elasmobranchs, the young are born alive, while the adults have a
spiral valve inside the intestine, and possess a cartilaginous skel-
eton, although beginnings of bony formation appear in caleareous
rings surrounding the persistent notochord,

The name Holocephali (holos, whole; cephalon, head) is given
them beeause the upper jaw is immovably fused with the cranium
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(autostylic) after the manner in higher forms, instead of being
suspended indirectly by means of ligaments and cartilages (hyosty-
lic), as in elasmobranchs. The gill slits are covered with a flap
(operculum), as in higher fishes, and the tail, although heterocerecal,
has the dorsal flange of the caudal fin often elongated into a
trailing filament.

3. Ganoidei

The living ganoids, or enamel-scaled fishes, represent the rem-
nants of what was once the dominant type of fishes. These armor-

Fi1c. 21.—Ganoid fishes. A, Polyodon; B, Acipenser; C, Lepisosteus; D, Polyp-
terus; E, Amia. (A, after Boaz: €, after Goode; B, D, E, from Newman,
after Bridge.)

clads have given way before the more alert and less encumbered
modern fishes, until today only ecight genera and less than forty
species, mostly fresh water forms removed from the fiercer
competition of the more populous oceans, remain to tell the
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tale of their own Golden Age, when hundreds of speeies and
countless individuals of their kind lived and died in the vast
Devonian seas.

The eight surviving genera of ganoids are the paddle-fishes,
Polyodon of the United States (Fig. 21, A), and Psephurus of
China; the sturgeons, Acipenser (Fig. 21, B), and Scaphirhynchus;
the garpike, Lepisosteus (Fig. 21, C); Polypterus and Callimoichthys,
of Africa (Fig. 21, D); and the bowfin, Amzia, found in rivers and
lakes of the United States (Fig. 21, E). Of these the first four are
sometimes called “ cartilaginous ganoids,” beeause their skeletons,
partly cartilage and partly bone, show a ftransition between
elasmobranchs and bony fishes. The others, in which the car-
tilaginous components of the
skeleton have been quite com-
pletely replaced by bone, are
known as “bony ganoids.”

A further transitional condi-
tion is also shown by the pres-
ence of a degenerating spiral
valve, along with the introdue-
tion at the same time of “ pylorie
ceca,”’ which In higher fishes
take the place of an elasmobran-
chian spiral valve as a deviee for
enlarging the internal surface of
the food tube.

(Ganoids are either naked or
clothed with peculiar enameled
Fi, 22— The Africsn lungfieh, Proton S e e i

terus, undergoing wstivation in the to edge, rarely overlapping, like

mud during the dry season. (After tiles around a fireplace. A Siﬂgle

Hilshcimier) dorsal fin is usually loeated far
posterior next to the tail, and there is present inside the body, a
hydrostatic swim bladder.

4. Dipnoi

As the word Dipnoi (di, two; pnewma, air) indicates, the “lung-
fishes” have two ways of taking air, that is, by means of gills and
by a modified swim bladder, or lung. They are semi-tropical
fishes, dwelling only in countries where, instead of winter and
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summer, a wet and dry season alternates. During the dry season
they bury themselves in muddy pits (Fig. 22) and breathe air like
land animals, but when the rainy season provides abundance
of water they swim
about and breathe
through gills, fish-
fashion. This pas-
sive method of bridg-
ing over a season of
unfavorable dryness,
is termed astivation. Similarly, the term hibernation deseribes
the habit of animals, like woodechuecks and bears, which retire
from activity during the cold winter season.

There are no lungfishes in North America, and only three living
genera are known anywhere. These are Protopterus, in West
Africa; Neoceralodus,

@’T:_-_ S ————? in Austmlﬁa (I:‘ip,.?ij.);
* and Lepidosiren, in

Fic. 24 —Brazilian lungfish, Lepidosiren. (From Brazil (Fig. 24).
Newman, after Lankester.)

Fic., 23.—Australian lungfish, Neoceratodus, (From
Newman, after Bridge.)

They possess much
interest for the zodlogist, not only from their peculiar habits and
rarity, but because of the intermediate combination of their
anatomical characters, which puts them in a class by themselves,

5. Teleostei

The Teleosts (tele, entire; ost, bone) are the true bony fishes.
They constitute probably 909 of all known kinds of fishes. A
simple way to determine a teleost is to eliminate its chances of
belonging to any of the other classes already mentioned, conse-
quently it will be unnecessary to dwell upon the diagnostic char-
acteristics of this order here. A few representatives, out of the
great variety of teleosts, are suggested by outline sketches in
Fig. 18,
C. AMPHIBIA

Amphibians (amphi, both; bios, life), like Dr. Jekyll and Mr.
Hyde, typically lead a double life, that is, in the water and on the
land, and thus as a elass they bridge one of the greatest gaps in
vertebrate evolution. The result of this ambitious attempt is
that they present a medley of makeshift adaptations which leaves
them still a long way from vertebrate perfection but, nevertheless,
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makes them particularly beguiling to the student of comparative
biology. ;

There are certain dual conditions that any animal, living part
of the time submerged in water and part of the time upon
land, must meet. For example, locomotion calls for an entirely
different set of organs in the two cases. In water an elongated
fishlike body, propelled by a muscular tail, has proved to be the
most efficient mechanism of locomotion, while on land such an
arrangement would be out of the question, because in thin air a
propeller that could develop power enough to move the body at all
would necessitate so great an addition of heavy muscles as to
defeat at once the possibility of easy locomotion. When the weight
of the body is no longer supported by the surrounding medium
of water, legs appear, acting as levers to lift the body away from
frictional contact with the ground, and it is quite possible to equip
these levers with muscles enough for their successful operation
without adding excessively to the entire weight to be moved.

The amphibians, beginning with the fishlike tadpole stage in
water and ending, let us say, with the awkward, slow-moving toads
on land, exhibit a series of locomotor adjustments of wide range.
The legs of salamanders are ridiculously small and inadequate.
They do not even lift the body from the ground, since, instead of
being directed ventrally as supports, they project laterally, and
may be used only slightly in poling the wriggling body along over
the ground. Even in frogs and toads, where amphibian legs reach
their highest development, the legs are so inefficiently anchored to
the supporting backbone, that these animals cannot bear their
weight upon them in the sustained manner necessary for standing
or walking, and can progress only by the momentary exertion of
hopping or jumping. When not locomoting they never stand but
always sit.

Again, breathing calls for a different equipment under water and
in the air. The essential feature of every breathing deviee is a
delicate wall, or membrane, separating blood from oxygen. In
water animals gills, which are thin-walled struetures containing
blood and hanging in surrounding water in which oxygen is dis-
solved, fulfill this condition. However, when exposed for any con-
siderable time to air, thin-walled gills may dry up and collapse,
making gaseous exchange no longer possible. The consequence
is that, in animals breathing air, lungs are developed. These are
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enclosed sacs, in which an enormous expanse of capillary blood
vessels behind very thin walls is exposed continuously to air, but
in which drying up and collapse of the thin, moist walls is pre-
vented because of the relatively small openings of the lungs to the
outside, through which evaporation ean occur. Amphibia not
only utilize gills and primitive lungs but they also breathe to a
large extent directly through the skin, which, so long as it is kept
moist, may remain thin enough to serve as the membrane separat-
ing blood from air. This enforced diversity of mechanisms for
breathing has made perfection of any one device impossible. As
a result amphibians are such poor breathers that they cannot
develop heat enough to maintain a body temperature independent
of that of their surroundings. This makes them “cold-blooded
and, since they can never be active when it is cold, they are conse-
quently excluded entirely from frigid regions, while in the tem-
perate zones where winter condemns them to hibernation, they
can exercise seasonal activity for only part of the time.

Furthermore, the metamorphosis of such an amphibian as a
toad, necessitated by its emergence from life in water to land, works
profound changes in its structure and feeding habits. During
its lifetime the toad uses in succession six different kinds of food.
First, while in the egg, it absorbs the yolk stored therein; then,
upon hatehing, it develops a temporary mouth and eats its way
out through the “‘jelly” of the egg envelopes. Next, it becomes
a free tadpole, swimming about by means of its locomotor, fish-
like tail, and feeds upon vegetafion in the water, but, as the growth
pains of its coming transformation approach, it loses its temporary
mouth, and, along with it, the appetite for vegetable food. Tiny
legs and arms now sprout out, and, instead of swimming about so
much, the little toad sits quietly in its shirt sleeves and devotes
itself introspectively to the task of changing over its ta:il into body
substance. By this time cold weather is approaching and it goes
into a long winter retirement, during which its only food is the
“fat body,” a peculiar nutritive organ attached to the intestine
within the body cavity and destined to meet the demands of
hibernation. Finally, with the warmth of returning spring, the
voung toad, now equipped with a permanent mouth and a mar-
velous lassoing tongue, emerges into a life of activity upon land,
catching insects for a living.

It is not very difficult to recognize an amphibian, although, by
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the unecritical, this group is sometimes confused with the Reptilia,
from which 1t was distinguished as an independent class in 1804
by Brogniart. Amphibia are characterized by primitive legs,
terminating in fingers and toes without claws, and by & moist,
scaleless skin. The skull articulates with the first vertebra at
two points (oceipital condyles), instead of one as in reptiles and
birds, and the sacrum, or that part of the vertebral column to
which the hind legs are attached, consists of but a single vertebra.
The young all breathe by means of gills.

Living Amphibia may be arranged in three orders:—aropa,
URODELA, ANURA, and to these may possibly be added the extinet
order, STEGOCEPHALI.

1. Stegocephali

This latter group, which, according to fossil remains, bears a re-
semblance to living Amphibia, disappeared from the earth before
any known representatives of modern amphibians made their
appearance, a fact, as pointed out by Jaekel, that is embarrassing
for those naturalists who maintain that the Stegocephali are
ancestors of recent amphibians. The gap that separates these
similar animals, however, may sometime be filled by the discovery

Tra. 25.—Restorations of extinet Stegocephali, according to Gregory and
Deckert,  (After Newman.)

of intermediate fossils. The Stegocephali flourished in the swampy
Carboniferous Age, along with giant rushes and mosses, before
there were any birds, insects, or flowers, and when the hot steamy
atmosphere was laden with an abundanee of carbon dioxide.
They were the earliest four-footed air-breathers, large awkward
ereatures clothed with an armor of scales, and with a brain so
small that it could have been pulled out through the foramen mag-
num at the back of the skull (Fig. 25). The reason for naming
them Stegocephali (stegos, roof; cephalon, brain), or “ roof-brained,”
is beeause the size of the skull by no means indicates the eranial
capacity of these stupid beasts, there being a large, vacant, attic-
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like space roofed in above the eranium proper, or that part of the
skull in which the insignificant brain was housed.

2. Apoda

Of modern Amphibians the Apoda are the least familiar. They
include tropical forms from Afriea, South Ameriea, Ceylon, and
India, which burrow in the

ground. In appearance they ﬁ/‘

resemble worms, although pos- —e= j

sessing a vertebral eolumn and \@
numerous other characteristies -

which place them unmistak- Fra. 26.—A tropical wormlike amphib-
ably with the Amphibia. As ian, Cacilia, partly out of its burrow.
examples of the oTx may be (From Newman, after P. & F. Sarasin.)
cited the “blind ewcilian™ of West Africa, Cacilia (Fig. 26), and
Ichthyophis, of Ceylon (Fig. 31, C).

3. Urodela

The Urodeles (uro, tail; dela, visible) are the salamanders,
newts, and mud puppies. They retain their tadpole-like tail
throughout life, and most of them never emerge from life in water,
although some do so, living
under rotten logs and in
similar damp situations.

Urodeles may be ar-
ranged in three subclasses:
the PERENNIBRANCHIATA;
the DPEROTREMATA ; and the
MYCTODERA. The Peren-
nibranchiata never lose

e S i . their gills. They include
‘16, 27.—Perennibranchiate urodeles. A, T "oop 1
Proteus, a blind “olm” from German the “olm,” Proteus (Fig.

caves; B, Neclurus, (From Newman, after 27, A), a blind, practically

LS ior.) pigmentless salamander
which lives in the waters of certain caves in southern Europe, and
i1s famous from the fact that it has the largest known red blood
eorpuscles of any vertebrate; Typhlomolge, another blind cave-
dweller in Texas; and the “mud puppy,” Necturus (Fig. 27, B),
which is found from the Mississippi Valley eastward. The Dero-
tremata lose the gills when adult, but one pair of gill slits usually
persists. Representative forms are the “mud eel,” Siren (g, 28, A),
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of the rice fields of southern United States, whose long, snake-
like body and uncanny appearance secure for it immunity from
human interference quite out of proportion to its harmless charac-
ter; the “Congo snake,” Amphiuma (Fig. 28, B), from southern
United States, which
is not a snake at all;
the ‘“hellbender,”
Cryptobranchus (Fig.
28, (), inhabiting the
Ohio River and its
tributaries; and the
“giant salamander,”
Megalobatrachus, of
Japan, which some-
times attains a length
of over five feet.

The Myctodera,
whose gills in the
adult stage not only
disappear but whose

ey e e gill slits beecome en-
G. 28.—Derotreme urodeles which lose their gills .
when adult but usually retain one pair of gill tirely closed, embrace
i]its.hfl, “mud W]i;'lﬁzﬁwta; H; ‘l‘tﬂungﬂbrsmﬂ;n," the newts and true
mphiuma; C, ‘“hellbender,” Cryptobranchus. _ B :
(From Newman, after Lydekker.) salamanders. Some of
the better known

genera are Triturus (Fig. 29, A), the “vermilion spotted newt’ of
the ponds and streams of New England ; Desmognathus (Fig. 29, B),
which hatches its small rosary of eggs upon land; Eurycea (Fig.
29, C), Plethodon (Fig. 29, D), and Ambystoma (Fig. 29, E), all
contact-lovers to be found under bark, logs, and stones near the
American streams in which they breed; the dainty Alpine salaman-
der, Triton, whose fanecifully frilled tail, in the case of the male
(Fig. 29, F), serves as a wedding garment during the breeding
season; and Salamandra, which includes the true salamanders of
the Old World.

The “black salamander,” Salamandra atra, of Switzerland, is
particularly adapted to life in the cold and tumultuous waters of
the glacial streams where it lives,  Its eges, only two of which
develop at a time, are protected and prevented from being washed
away, by remaining within the oviduet of the mother, where they
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hatech and pass through their entire tadpolehood to a sufficient
size to insure their safety, before they are born at all.

4. Anura
The Anura (a, without; ura, tail) are the frogs, toads, and tree
frogs, who lose their tails before becoming adult. They are the

Fra. 29.—Newts and true salamanders, Myetodera. A, Triturus. (After
Ditmars.) B, Desmognathus. (After Dunn.) , Eurycea. (After
Dunn.) D, Plethodon. (After Ditmars.) FE, Ambystoma. (After King-
sley.) F, male Triton. (After Hilzheimer.)

first vertebrates to become vocal, since the other Amphibia, as
well as fishes (with the exception perhaps of the “grunters’ that
make a noise by expelling air from the swim bladder), are silent.
These quaint and cheerful singers, more-
over, are the first animals that have
movable eyelids and a lacrimal gland,
and so are enabled to wink and to shed
tears. This does not mean that trouble
enters the world for the first time with
them, since tears and blinking are pri-
marily adaptations for keeping the eyves
of land animals clean, rather than ma-
~ chinery for the expression of the emo-
tions. .

There 15 but one common genus of
toads in North America, J.‘Efuﬁ:-, although F1é- {{Ef;rﬁﬂfgf:emgﬁ )Hylm
there are many genera in other parts
of the world, particularly in South America. Some years ago the
Department of Agriculture in Washington, in a pamphlet upon the
economic value of the common toad, Bufo americanus, estimated
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that a single individual in a garden was worth $19.44 as an insect
destroyer. No doubt with the changing value of the dollar, and the
high cost of living following the war, this figure should now be in-

Fig. 31.—Care of young among Amphibia. A, nests of Hyla faber built of mud.
(After Wiedersheim.) B, Rhacophorus schlegeli of Japan in amplexation
within a hole in a muddy bank of a stream. The eggs are deposited in a
mass of foamy mucus, and washed out into the stream below by the rain.
(After Wiedersheim.) ', an Apodan, Ichithyophts glulinosa, guarding its
eggs. (After P. & F. Sarasin.) D, the “nurse frog” of Europe, Alytes
obstetricans. The male carries strings of eggs attached to its hind legs.
(After Cope.) E, Hyla geldii, with eggs glued to back of female.
(After Thring.) F, Nololrema pygmeaewm, female with dorsal brood pouch
containing only a few large eggs. (After Brandes and Schoenichen.) (7,
South American toad, Pipa dorsigera, the eggs of which are deposited in
pits upon the spongy back of the female by means of the everted cloaca,
that serves as ovipositor, where they remain until the metamorphosis of
the tadpoles into tiny toads. (After Bartlett.) H, Rhinoderma darwing,
section of head region showing eggs carried within the voeal sae, the .
position of which when inflated is represented by the dotted eirele.
(After Wiedersheim.) I, Arthroleplis seychellensis, the tadpoles of which
are transported to fresh pools by being attached to the back of the male.
{ After Brauer.)

creased. Bufo fowleri, the second of two species of toads in eastern
North America, is distinguishable by a white unspotted belly, in-
stead of a yellowish spotted belly like that of Bufo americanus, also
by the fact that it is to be found in sandy places near the seashore.
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The commonest genus of frogs 1s Rana, several species of which
are found in North America and Europe. Scaphiopus, 1s the Amer-
1can spadefoot frog.

The little tree frogs have adhesive dises at the ends of their
fingers and toes that enable them to climb trees, where they conceal
themselves and persistently send out their ventriloquistic calls.
American genera are:—Aeris, the “ericket frog’; Pseuwdacris, the
“awamp tree frog’'; and Hyla, the common tree frog (Fig. 30).

Many Amphibia are remarkable for the ways in which they eare
for their eggs and young. Some examples are brought together in
the accompanying table, and are in part illustrated in the sketches
on page 36 (Fig. 31, A-I).

EXCEPTIONAL INSTANCES OF CARE OF THE YOUNG AMONG

AMPHIBIA
I. Protection by means of nests or nurseries
1. Enclosures of mud in water............... Hyla faber (Brazil)
2. Resin-lined rain-water holes in trees. . . . . Hyla resinifictriz (Brazil)
3. Holes, filled with foam produced by the parents, in
banks over streams. . ..........Rhacophorus schiegeli (Japan)

4. Glued to folded leaves overhanging the water
Phyllomedusa hypochondrialis (Paraguay)
5. In jellv-enveloped overhanging twigs
Rhacophorus retnwardlid (Java)

II. Direet nursing by parents
1. Eggs protected by coiling around them

A. In holes in damp earth. _ . .. {ehthyophis glutinosa (Japan)

B. Under logs and stones. .....Plethodon (United States)
2. Eggs carried about by parents

A. Around the neck. ... . Desmognathus fusea (United States)

B. Around the hind legs of the male
Alytes obstetricans (Germany)
C. Glued to back of female. . . . Hyla geldii (South America)
D. Glued to belly of female . Rhacophorus reticulatus (Ceylon)
E. In the dorsal pouch of female
Nototrema pygmeum (Venezuela)
In separate pits on back of female
Pipa dorsigera (Surinam)
(i. In the mouth cavity of female. . . . . Hylambates brevirostris
H. Within the voeal sacs of male. Riinoderma darwini (Java)

II1. Tadpoles transported to fresh pools
A. By attaching to male
Arthroleptis seychellensis (Seychelles)
B. By attaching to female. ... ............ Hylodes lineatus

IV. Tadpoles kept within the oviduet until after metamor-
phosis, i. e., viviparous. . . . Salamandra atra (Switzerland)

O

-
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D. REePTILIA

Reptiles (repere, to erawl) are named after the highly specialized,
legless, erawling snakes, but include also the lizards, turtles,
alligators, and Sphenodon of New Zealand, as well as a vast com-
pany of forms now extinet, many of them gigantie, which dom-
inated the Mesozoic world throughout a dynasty that endured for
ages. They are the first vertebrates that are definitely committed
to life on land. This is true even of alligators, turtles, and water
snakes which, although spending much of their time in water,
come out upon land to lay their eggs, Their young never pass
through an aquatic larval stage.

Some of the characteristies distinguishing Reptilia from Am-
phibia are (1) a scaly skin, with very few glands, adapted to
conserve water necessary to life on land within the body tissues;
(2) gills that are never functional, and post-embryonie breathing
that is always accomplished by means of lungs, into which air is
drawn (except in turtles) by action of rib museles. [In Amphibia
there are no movable ribs nor rib musculature, so that air has to
be forced into the lungs by the muscles of the throat. This method
of swallowing air is also employed by the turtles whose ribs are
flattened and joined into a solid box that prevents any bellows-
like movement on their part.] (3) Possession of claws whenever
fingers and toes are present; (4) one occipital condyle instead of
two; (5) slow long-continued growth, and great longevity: (6)
internal fertilization of relatively few large eges, with modifica-
tions necessary for accomplishing this end; (7) the possession of an
amnion and allantois, two temporary embryonie structures, ap-
pearing for the first time in reptiles, and present also in birds and
mammals. These structures are necessary because the young
animal no longer accomplishes its transformation from the egg
in water, as do fishes and amphibians, but within an eggshell,
upon land, or, in the ease of mammals, within the uterus of
the mother.

The astonishingly rapid growth of any developing embryo,
which can be realized only by those who have closely observed it,
necessitates cells and tissues of extreme delicacy, not enecumbered
with adaptations for withstanding exposure to dry air or to mechan-
ical shoeks. In the growing embryos of fishes and amphibians,
this delicacy and phability 1s made possible by the surrounding
medium of water in which they are immersed., With the con-



KINDS OF VERTEBRATES 39

querors of the land, however, the developing embryo can no
longer be cradled in open water, and so the protective amnion
develops around the embryo to take the place of it. This is a
thin enveloping sac, filled with a secreted, watery, amnionic
fluid in which the growing embryo floats, so that after all it may
be said that, in a certain sense, every vertebrate passes its early life
submerged in water.

The allantois is a temporary breathing and excreting organ,
made necessary by the fact that when an egg is not laid in water
but upon land, it must be enclosed within a shell which will pre-
vent its drying up. This
emergency organ, bear-
ing a rich network of
blood wvessels, grows out
from the digestive tube
of the embryo and en-
wraps it, amnion and all
(Fig. 32). It lies close
against the thin egg
membrane (chorion) so
that through it and the
porous eggshell, there is
effected the interchange
of gases between the

I-}Iﬂﬂd. &n['] th“ Dllth‘i(l[' ]"11[4'. 32,_[-}“} am E.J‘f ”I{‘. TL‘IEL“U“ of i':“!'l.“iﬂ"
and allantois to the embryo.

world, essential in breath-
ing. In the case of mammals, where the egg has no shell, but de-
velops into a fetus that is parasitically attached to the uterine
walls of the mother, the capillary-laden allantois comes into inti-
mate interdigitating contact with the richly vasceularized wall of
the uterus, to form the placenta, and it is through this organ that
the young animal breathes until it is born into respiratory in-
dependence,

1. Ezxtinet Reptiles

[Extinet reptiles wrote, with their fossil remains, a long and
dramatic chapter in the history of the earth for modern intelligent
man to read. Several entire orders, the flving Plerodactyls, aquatic
Ichthyosawrs, and long-necked Plesiosaurs, for example, have, so
far as is known, left no living descendants, but the Dinosaurs,
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noblest of them all, were probably the ancestors of modern lizards,
as well as possibly of birds and mammals.

During the Golden Age of Reptiles (Mesozoic), that lasted,

Fia. 33.—Various extinct reptiles, selected to indicate diversity of form.
They are not drawn to a common scale, but are mostly gigantie in size.

A, restoration of Diplodocus.  (After Smit.) B, restoration of guanodon.
(After Heilman.) €, Tehthyosauwrus.  (After Conybeare.) D, Stegosaurus.
(After Marsh.) F, Plerodactylus, (After Seeley, but aceording to Abel in
incorrect quadrupedal attitude.) ¥, Triceralops skeleton.  (After Marsh. )
(¢, Brontosawrus. (After Marsh.} [, restoration of Triceratops. (After
Nuhn.)



KINDS OF VERTEBRATES 41

according to some geologists, for 7,000,000 vears, these ruling
animals attained a great diversity of form and adaptation which
enabled them to live in a variety of habitats, such as trees, water,
swamps, dry land, and even air. Some flesh-eating dinosaurs,
for example, developed large, powerful hind legs which helped
them to leap after their prey, while the more stolid plant eaters
were underpinned by four massive, pillar-like supports of more
nearly equal size. Many of them grew to dimensions so gigantie
that elephants would seem like dwarfs beside them. The imagina-
tion is sure to be thrilled by a pieture of the Mesozoic landsecape
with its weird reptilian inhabitants. Some of these strange crea-
tures of past pre-camera days
are suggested by the sketches
on page 40 (Fig. 33, A-G).
Modern reptiles may be
grouped into four orders:—

RHYNCHOCEPHALIA, CROC- Fig, 34—A primitive New Zealand liz-
ODILIA, CHELONIA, and ard, Sphenodon. (From Hilzheimer,
after Berg.)

BQUAMATA.

2. Rhynchocephalia

The Rhynchocephalia, which include many fossil kinds, are repre-
sented today by a single surviving species, Sphenodon, of New
Zealand (Fig. 34). Reference has already been made (page 2)
to the “third eye’ of this interesting “old curiosity shop” of
ancestral peculiarities,

3. Crocodilia

The Crocodilia, likewise with many fossil relatives, inelude the
crocodiles, of India, China, the West Indies, Africa, and the Malay
Archipelago; the broad-snouted alligators
of the Mississippi Basin and China (Fig.
35); the caimans of Central and South
America; and the narrow-snouted gavials
of the Ganges in India. They are all in-
habitants of tropical or semi-tropical
rivers, clumsy and stiff-necked on land
but quite at home in shallow water,
Fic. 35.—Alligator. (From where their powerful tails, which are

S ian, B DA compressed laterally, enable them not
only to swim forward but to strike powerful side blows,
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4. Chelonia

The Chelonia are turtles and tortoises, modified “reptiles in a
hox,” which have gone in for the principle of defense so exten-
sively that they have come to resemble the “tanks’ of modern
warfare. Even the toothless jaws are encased in a horny beak,
like that of birds, while the only flexible parts of the backbone of
these animals are the neck and the insignificant tail.

Some genera of turtles are Dermochelys, the “leatherback,”
and Coretla, the “loggerhead,” which eruise about in salt water,
and may attain a weight of sev-
eral hundred pounds; Chelonia, the
“green turtle,” also a seagoing ani-
mal and prized as food; Chelydra,
the “snapper’; Amyda, the *soft-
P e Gt e shell” (Fig, 36); Poeudemys, th

“terrapin,”” and delight of epicures;
Testudo, the long-lived giant of the Galapagos Islands; Eretmo-
chelys, the “hawksbill,” from which “tortoise shell”” is obtained;
Clemmys, the wood turtle; Kinosternum, the mud turtle; Ter-
rapene, the ‘“box turtle,” that is able to withdraw its head en-
tirely, and to close the door with a hinged lid;
and the small, beautifully decorated ‘ painted
turtle,”” Chrysemys. America, of all continents,
is particularly rich in chelonial inhabitants.

4. Squamala
The Squamata are reptiles elothed with a
great number of regularly placed scales which
cannot be separately detached like the scales
SR 08 305 Fia. 37.—A “gecko™
of lmn}r fishes but m-:,’{:mmn{-.tnd t?g{ﬂthm into from  Madeira,
a continuous armor. They comprise two sub-  with adhesive toes,
 ethe O SRR . Qormenies  SROWIDg & regener-
orders: the .Hu*.m‘m, nr lizards, and the Serpentes, ating tip to the tail.
or snakes, distinguished from each other by  (After Saville-
: : T hent.)
the fact that the former have movable eyelids
and visible ear pits, while the latter do not, and because the lizards
are unable to open the mouth in the comprehensive manner which
makes it possible for snakes to swallow living prey larger in diam-
eter than their own bodies.
The Sauria, or lizards, are typically sun worshippers, dwelling
in regions of mueh sunshine and, for the most part, avoiding water.
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A notable exeeption is the water lizard, Amblyrhynchus, which is
abundant on the rocky shores of the Galapagos Islands. The
“geckos’ of the Malay region and

the Mediterranean have adhesive
toes that enable them to clamber
about with great agility after flies,
in trees and upon the walls of houses
(Fig. 37). Draco, of India, the “fly-
ing dragon” (Fig. 38), is able to
volplane from branch to branch of
the trees it inhabits by means of a
capelike expansion of the skin on its
arms. [guana, a large arboreal Mexi-
can lizard of fieree aspeet but harm-
less character, is regarded as good \
to eat, while the largest lizard of all .. 35 Ay Indian Craid By
belongs to the genus Varanus, of the “flying dragon.” (After
Africa, the East Indies, and Aus- Hilzheimer.)

tralia. The Chameleon (Fig. 39), with wonderfully prehensile tail
and grasping feet, and a Joseph's coat of many colors, is a native of

1/
V)

Fia. 39.—An African lizard, Chameleon, which has a long extensile tongue and
is famous for its power of changing color. (After Hilzheimer.)

Africa, although its name is sometimes inaccurately applied to the
little American Anolis (Fig. 40), of changeable eolors, which inhabits
the canefields of the south, and preys upon the insects that are
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attracted to the sweet juices of the eane. Ophisaurus, the “glass
snake,” and Amphisbena, the “slow-worm,” are legless lizards
which, although snakelike in appearance, have the non-dilatable
mouth, visible ear pits, and movable evelids of true saurians.
Lacert1, of many species, is a very common genus of the Old

Fic. 40.—An American “chameleon,” Anolis. (After Ditmars.)

World; while Seleoporus, the “swift,” and Plestiodon, the “skink,”
arec New World representatives. In the desert region of the
Southwestern United States is found the grotesque “horned
toad,” Phrynosoma (I'ig. 41), that i1s called a toad only by the
indisecriminating, as well as the “ Gila monster,” Heloderma (Fig.
42), an ugly black and orange beast with a large, round, stubby

i, 41.—The “horned toad,” Phrynosoma, of the desert region of south-
western United States. It is not a “toad” but a lizard. (From Hegner,
after Gadow.)

tail, wherein is stored reserve fat. Heloderma has the unenviable
distinetion of being the only known lizard whose bite is venomous.

The Serpentes are the legless snakes, deseribed by Ruskin as
“a wave but without wind, a eurrent but with no fall.”” They
walk upon their ribs, or “jerk themselves forward by a rapid
straightening of their sinuous eurves’ (Thomson). The curious
arrangement of their internal organs has direct reference to their
external architecture. The body ecavity 1s so elongated that the
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intestine is comparatively uncoiled, while the liver is long and
attenuated with the bile sae behind instead of beside it, and the
kidneys also slender and placed one behind the other. All the

Fic. 42—*"Gila mon-
ster,” Heloderma,
the only known ven-
omons lizard., (From
Newman, after Ly-

dekker.)

organs are arranged in tandem
fashion, and only one long nar-
row lung develops, although
the stub of the other remains.

Most of the snakes are bene-
ficial animals, feeding largely =X
upon injurious inseets and ; m\ .
small rodents, although they - el
R itrered vikareusiv tton Fi6. 43.—Texas rat tJI:*.-anza,]Fi_-, Crotalus.

S (After Stejneger. )

an unsavory reputation ever
since one of their number took part in the original eternal tri-
angle play in the Garden of Eden. Of about 110 species in the
United States, less than twenty are venomous. The worst of
these, so far as man 1s concerned, are the rattlesnakes, Crotalus
(Fig. 43), of several species; the *‘copper-head,” Agkistrodon
mokasen, and the “water moccasin,” Agkistrodon piscivorus, of
the South. The “black snake,” Boscanion; the “puff adder,”
Heterodon; the “milk snake,” Lampropeltis, and the *garter
snake,” Thamnophis, are among the common harmless varieties.

E. Birbs

All birds have feathers. This one conspicuous characteristie
suffices to identify a bird, even to a child, for no other animals
have feathers. Since the vertebrate type probably reaches its
highest specialization, along certain directions at least, in the
birds, it is not at all difficult to find many other distinguishing
characteristies of this familiar and much studied class of animals.

The secret of the anatomical peculiarities of birds, lies in their
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adaptation to flight in the air. The same combination of organs,
which in a fish is modified into a living submarine, and in a reptile
becomes adapted to a life of prevailing contact with the earth, is
transformed in a bird into a flying machine heavier than air.
The skeletal framework of a bird, comparable bone by bone with
that of other vertebrates, becomes compaected together or cen-
tralized, thus affording the smallest possible bulk to pass through
the air, although the surfaces of individual bones remain expansive
for the attachment of the necessary voluminous muscles of flight.
In case of the breastbone, the humeral heads, and the sacro-
pelvie eomplex particularly, the surfaces are notably inereased
beyvond those of other vertebrates. Every part of a bird that
can possibly do so, moves from the anatomiecal suburbs into the
compact urban district of the body. For example, considerable
weight is shifted from the periphery to the center within the com-
pact body when the dense, heavy teeth, commonly found in the
head of other vertebrates, have been replaced by a light, horny
beak, while a tough, museular, eentral gizzard, lined with grinding
stones, does the work which teeth onee did in aneestral birds.
The heavy, trailing, reptilian tail has telescoped into a degenerate
skeletal stub, thus centralizing weight, while in place of it a
secondary tail of light, air-resisting feathers, is added. to be used
as a rudder in flicht. The presence in birds of such a bony tail,
composed of many foreshortened vertebrze instead of a single
larger bone which might have better served as a support for the
tail feathers, is one of the numerous evidences of reptilian an-
cestry. In fact, someone has happily deseribed birds as “ glorified
reptiles.”

The bones of a bird are not only compact but are lightened
and made appropriate parts of a flying machine by being hollowed
out to the limit of mechaniecal safety. Furthermore, bodily weight
is partially counterbalanced by the development of numerous air
sacs, that grow out from the lungs, and come to occupy all available
spaces between the internal organs, even extending to the cavities
of the hollow bones. The light feathers also, which clothe a bird,
hold a considerable blanket of enveloping air around the body
that no doubt, like a pneumatic life preserver, adds much to its
buovaney. Moreover, the large intestine, particularly the rectum
where, in other vertebrates the feces are carried, i1s very much re-
duced in length. Flying animals cannot afford to be weighted
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down with any excess fecal baggage, and so, not having suitable
provision for its storage, birds promptly get rid of it.

Sinee the entire support of a bird’s body when not in flight
devolves upon the hind legs alone, the fore legs are emancipated
from service as legs, and are left free to become expansive wings
for flight. The fore legs, or arms, are thus entirely given over to
flight, and cannot be used for the capture and manipulation of
food, therefore the head neces-
sarily becomes prehensile by being
mounted upon an extremely flexi-
ble neck and equipped with a
forceps-like beak for picking up
food. It will be noted that the
remarkably well-developed eyes,
located on either side of the beak
of a bird, are much nearer their
work than the eyes of any other
animal which reaches for its food
in a fashion unlike that of a bird.

The excessive activity involved
in flight has been met in birds by
a relatively larger heart than
other animals possess and by a
particularly effective respiratory
apparatus, which so inecreases the
warmth of the body as to render
it constant regardless of the sur-
rounding temperature. As a re-
sult birds are active the year

Fic. 44.—The oldest known bird,
Archwopleryx, showing teeth,
around, in cold as well as in warm three fingers, feathers, and a

lizard-like tail. The Berlin speci-

weather, and never become slug-  ;an (After Parker and Haswell.)

gish or obliged to hibernate, as

“eold-blooded” animals do, but rise above the handicaps of tem-
perature and climate, even migrating to distant and more con-
genial localities, whenever oceasion demands it.

1. Fossil Birds

On account of their light bones and the rapid destruction of
their bodies after death, birds do not lend themselves readily to
fossilization, and, therefore, do not present so extensively a re-
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corded story of past achievements as the reptiles. The earliest
known trace of bird life is the imprint of a single tail feather,
discovered in the Jurassic slate of Bavaria. This uninistakable
fragment dates back to the middle of the long Age of Reptiles,
long before mammals had risen to become a power upon the earth.
In splitting up the finegrained lithographie stone from the de-
posit of the Solenhofen quarry in Bavaria, from which came this

Fia, 45.—A toothed bird, [felthyornis, with keel on the breastbone, from
lKanzas chalk beds.  (After Marsh.)

priceless first known feather, there were found also at different
times two entire skeletons, erushed flat and embedded within the
slate, of the kind of birds that doubtless produced this famous
tail feather. From these slight but eonvineing remains, the
species of this oldest of all known birds was named Archeopteryz
lithographica.  Archaopteryx (Fig. 44) was about as large as a
crow; had lizard-like teeth set in sockets in the jaws; a long un-
centralized bony tail; three fingers with claws terminating each
wing, instead of one finger, as modern birds have: and FEATHERS.

The chalk beds of western Kansas, which were laid down at a
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much later date than the Bavarian slates of Jurassie times, have
vielded the fossil remains of other ancient birds with teeth, for
example, Ichthyornis (Fig. 45), in form like a tern, and Hes-
perornis (Fig. 46), a flightless swimming bird somewhat like a
penguin, of which over one hundred specimens have been found.
2. Modern Birds

Excluding Archaopteryx, which 1s a connecting link in a group
by itself, and the ancestral toothed birds of Kansas, modern

Fio, 47—A primitive
wingless burrowing bird,
Apterye, from New Zea-

T Lo
: land. (Drawn from a
Fra, 46.—A toothed penguin-like bird, Hes- specimen in the collec-
perornis, without a keel on the breastbone, tion at Brown Univer-
from Kansas chalk beds. (After Marsh.) sity.)

birds may be grouped in two subclasses, RATITE and CARINATE,
based upon the ability to fly.

The Ratite, none of which are natives of North America, are
running birds that cannot fly. They mmelude ostriches, easso-
waries, emus, rheas, and the curious wingless “kiwi,”" A plerya
(Fig. 47), of New Zealand, which has survived the perils of a
hostile world, in the absence of ability to escape by flight, by



at) BIOLOGY OF VERTEBRATES

burrowing in the ground. In
New Zealand also, that land of
ancient curiosities, have been
found abundantly the remarkable
fossil remains of the largest of all
birds, the “moa,” Dinernis (Fig.
48), which reached a height of at
least eighteen feet. It 1s likely
that this species of gigantic ostrich-
like birds has become extinet within
the memory of man, for the native
Maoris of New Zealand, when
they first came into communica-
tion with the white settlers, had
legends about these birds that had
been handed down to them from
their fathers.

The Carinate are flying birds,
whose wide breastbone has de-
veloped an expansive keel for the
attachment of muscles of flight.
According to Gadow the Carinates
comprise thirteen orders as named
below. More or less familiar ex-
amples are given to represent
each order.

1. coLyMBIFORMES—loons, grebes.
2. SPHENISCIFORMES—penguins.

3. PROCELLARIIFORMES
trosses.,

petrels, alba-

4. crcoNlIFoRMES—pelicans, COrTmo-
rants, herons, flamingoes, storks.

J. ANSERIFORMEs—geese, ducks, swans.

6. FaLcoNiForMEs—vultures, = hawks,
eagles, condors.

TINAMIFORMES—tinamous.

8. caLLirorMES—turkeys, quail, fowls,

1. 485.—A giant “moa," Dirornis, 9. arulrormes—rails, and other marsh
irom a mounted specimen eight- birds.
een feet in height in the exhilat of 10
the Government of New Zealand
at the Panama-Pacific Exposi-
tion. (Drawn by H. I Meyers.)

. CHARADRIFORMES—plover, sandpi-
pers, and other shore hirds, gulls,
terns, puffins, auks, pigeons, doves.
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11. cucvLiFoRMES—cuckoos, parrots.

12. coracuirormes—kinghishers, owls, whippoorwills, swifts, humminghbirds,
woodpeckers.

13. passerirorMmes—flyeatchers, and singing birds.

F. MammaLs

The first mammals to appear on earth were small and insig-
nificant contemporaries of the gigantic reptiles of the Mesozoic
Age. As long as huge carnivorous dinosaurs held sway, the modest
little mammals, probably largely arboreal in habit, kept out of
the way and bided their time. Perhaps they hastened that time
somewhat by feeding upon the eggs of their terrifying enemies
while eluding capture themselves. At any rate it i1s certain that,
in the long struggle for “a place in the sun,” it has been wits
rather than brute foree that has enabled mammals to outdistance
their competitors.

No doubt the mechanism which insures * warm-bloodedness,”
that is, a constant bodily temperature independent of changes
in the surroundings, has had much to do with the conquest of
the earth by mammals, since by reason of this important char-
acteristic they have been able to establish themselves not only
throughout temperate areas and the humid trop-
ics, but even in dry deserts and frigid polar regions.

While the highly specialized birds have saecri-
ficed everything to developing the power of loco-
motion by flight in air, the mammals have chosen :
the better part of improvement along the line of g 49— Sketeh
the nervous system. Doubtless it is this achieve- of afield mouse,
ment that has been the greatest of all factors in fﬂ}"ﬂut:; st
determining the present supremacy of the mam- To represent

: S the outline of a
malian type. An unusual amount of plasticity hale drawn to
and versatility is exhibited among mammals, For the same re-

i : ' . duced scale
example, in size they vary from a certain field ou1d require a
mouse scarcely more than an inch in bodily length, page forty feet
to whales which may attain a length of nearly pride:
100 feet, or well over 1,000 inches (Fig. 49). Moreover, they are
variously fitted for successful life in such diverse habitats as on
the land (deer), in water (otter), in burrows (rabbit), under ground
(mole), in the open sea (whale), in trees (squirrel), and in air (bat).

Some of the diagnostic characteristics of mammals are: (1)
hair, at least in embryonic life; (2) sweat glands in the skin; (3)
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a muscular diaphragm; (4) a larynx or voice box, at the upper
end of the trachea; (5) two sets of differentiated teeth; (6) seven
cervical vertebrae, execept in the “manatee” and “two-toed
sloth,” each of which has six, and the “three-toed sloth,’ which
has nine; (7) two oceipital condyles, instead of one as in reptiles
and birds; (8) marrow-bones; (9) red blood cells that lose their
nuelei, exeept in the camels; (10) an elaborate prenatal life in
the uterus of the mother, allowing for extended embryonic de-
velopment in safety; (11) milk production to supply the first
food of the young; and (12) obligatory postnatal care of the young
by the mother, making possible the process of learning during a
prolonged association with the parents.

The salvation of higher animals has depended upon the replace-
ment of inherited instinets by the power and necessity of learning
anew in each generation how to live. Inherited instincts make it
possible for an animal to meet life only in a predetermined way,
but learning anew in each generation opens up the possibility
of alternatives of action, and an eventual development of in-
tellectual life.

Living mammals may be arranged in twelve orders, which fall
into three subclasses —PROTOTHERIA, METATHERIA, and EUTHERIA.

1. Prototheria
The Prototheria (proto, first; theria, beast) comprise a single
order, Monotremata, of which there are but three genera living
4 .“ " today, namely, Echidna, Proechidna, and Orni-
thorhynchus. They are curious, exceptional
/' ‘\5 )\ mammals that lay relatively large, yolk-laden
eggs, from which the young are hatched in-
stead of being born alive, in the usual mam-
111:|,H:m fashion. Ornithorhynchus incubates its
leathery-shelled eges in a shallow nest of grasses,
while Fehidna forms a temporary pouch from
a fold of the skin upon its belly, in which the
newly laid egg is placed and incubated until
Fit, 50— onne hatched. In this portable nest the helpless
Echidna.  (Afier young animal is kept through the precarious
R days of its early growth and fed upon a nutri-
tious substitute for true milk, secreted by the mother from
modified sweat glands. It is licked up from the wet hairs by
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the long tongue of the voung FEchidna (Fig. 50), since there
arc no nipples present. If there were nipples present the baby
monotreme would not be able to suck, since its mouth is pro-
longed into a horny toothless
beak, not at all fitted for the
muscular operation of suck-
ing, but which becomes use-
ful later for poking into ant-
hills after food.
ln”'r”:ﬂimlh;ﬂm‘h”g the beak Fig. 51.—The “duckbil,” Ornithorhyn-
is large and flattened, giving chus, an Australian monotreme with

. webbed toes and a ducklike hill.  (After
rise to the common name, pegdard.)

“duckbill,” by which this

curious creature is known, a name all the more applicable be-
cause it lives much of the time in water, and has feet with webbed
toes like those of a duck.

Ornithorhynchus is a native of South Australia and Tasmania
(Fig. 51). Echidna is found in Australia, Tasmania, and New
Guinea (Fig. 52), and Proe-
chidna, whose unusually long
snout gives it “a ridiculous
resemblance to a minmature
elephant,” is confined to New
(Guinea.

F16. 52.—The spiny anteater, Echidna, a 2. Metatheria

monotreme, (After Beddard.) The Metatheria (meta, after;
theria, beasts), or ‘“marsu-
pials,”” are primitive, or possibly degenerate mammals whose young,
born prematurely in an extremely helpless eondition, are carried
about in a permanent brood pouch (marsupium), and are fed upon
true milk. At first the young are unable to exercise the necessary
musecular effort involved in sucking, and are securely attached
in a passive way to the nipple by means of a sphineter-like mouth
(Figz. 153), while the contraction of museles across the breast of the
mother expresses milk from her mammary glands down the throat
of the helpless fetus. Later on as development advances the young

marsupial draws its milk in orthodox style like other mammals.
Osborn, in The Age of Mammals, eatalogs seventv-six genera of
marsupials of which thirty-seven are extinet. The living ones, ex-
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cepting the opossums of North, Central, and South Ameriea, and
the marsupial shrew, Cenolestes, of Central America, are confined
to the Australian region, while the extinet genera ranged over what

Fig. 53.-—Marsupials. A, the *“koala,’”” or marsupial bear, Phascolarctos;
B, “Tasmanian devil,”” a marsupial hyena, Sarcophilus; C, *wombat,”
a marsupial woodchuck, Phascolomys; D, marsupial mole, Notoryetes.
(All after Beddard.) F, the “rock wallaby,” Pelrogale, a kangaroo.
(After Vogt and Specht.) F, Virginia opossum, Didelphys. (From Stone
and Cram, after Dugmore.) , Didelphys, showing the young at the
mouth of the pouch. (From Stone and Cram, after MeCadden.)

i1s now Europe, as well as both Americas and Australasia. It is con-
sidered probable that the origin and spread of marsupials oceurred
before the ancient land bridge that joined Australia to South
America had disappeared, and that those forms whieh became
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isolated in Australia at that time were afterwards able merely to
continue their handicapped existence, since they were not brought
into competition with the true mammals that developed later on
the other great continental areas.

It 1s a striking fact, moreover, that not only all the native mam-
mals of Australia were marsupials, but that the Australian marsu-
pials have become diversified into different types much in the same
way that the true mammals have. Thus there are marsupial
“bears,” Phascolarctos; ““wolves,” Thylacinus; “hyenas,” Sarco-
philus; “cats,” Dasyurus; “rabbits,”” Thylacomys,; * jumping mice,”
Antechinomys; **woodchucks,” Phascolomys; “moles,” Notorycles;
“mice,” Sminthopis, ete., as well as kangaroos and opossums. All
of these animals are marsupials, occupying a great variety of
habitats and showing a wide range of adaptations strikingly similar
to those exhibited by true mammals elsewhere. Some of the
marsupials mentioned above are represented in outline sketches
in Fig. 53, A-G.

3. Eutheria

The Eutheria (eu, true; theria, beasts), ineluding all the other
mammals, are frequently termed ‘“ placentals,” because they are
all characterized by the pres-
ence of an embryonic organ,
the placenta, which forms a
living connection between the
mother and offspring through-
out the long preparatory life
before birth.

Arranged according to the
degree of specialization from the most generalized to the most
aberrant, the orders of living placentals are:—INSECTIVORA, DER-
MAPTERA, CHIROPTERA, CARNIVORA, RODENTIA, EDENTATA, PRI-
MATES, UNGULATA, SIRENIA, CETACEA. A word of identification
and comment about each of these ten orders of true mammals,
with mention of a few representatives, is essential in completing
a roll call of the vertebrates. :

The Insectivora subsist largely upon inseets, hence their name,
They are mostly small, sharp-snouted animals, with leanings to-

(After Schmid.)

wards nocturnal or subterranean life, and include among other
genera, the European hedgehog, Erinaceus; th common “tenree”
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of Madagasear, Centetes; the moles, of which the common mole,
Sealopus (Fig. 54), and the star-nosed mole, Condylura, are Amer-
ican genera; and the shrews of various lands, Sorex and Blarina

: being North American representa-
tives. Osborn names fortyv-five
fossil, and thirtv-four living genera
of insectivores.

The Dermaplera, which are
without fossil representation, are
set. aside Into an independent
order because of a single genus,
(GGaleopithecus (Fig. 55), a “flying
lemur” of the Malay region, that
is an anatomical connecting link
between insectivores and bats.

Flying lemur of Mada-

Fra., 55.
gascar, Galeopithecus, (After.  The Chiroptera, or bats (Fig.

are mammalian aviators
which fly at twilight by means of enormously elongated webbed
fingers. While the floppy flight of bats is by no means as sustained
as the more powerful flight of birds, yvet, aided by extremely re-
sponsive sense organs, these ereatures are unsurpassed in avoiding
obstacles and hawking insects in the crepuscular traffic of semi-
darkness. The food of bats in general, and of North American
bats in particular, consists prac-
tically of insects eaught on the
wing. In the Old World tropics
the habit of eating fruit has de-
veloped in certain large bats,
or “flying foxes,” that live . d .

; L Fia. ab.—An insectivorous bat, Synotus.
upon figs, guavas, and similar (After Vogt and Specht.)
fruits. Another curious adapta-
tion in the chiroptean type is presented by the blood-sueking
vampires of Central and South America, that have a highly mod-
ified saclike stomach for the storage of blood which they gorge
from some unwilling host.

Representative bats are the ecommon brown bat, Myotis, of
cosmopolitan distribution; the fiying fox, Pteropus, of southeast
Asia and the East Indies; and the blood vampire, Desmodus, of
Mexico and South America.  Of sixty-three genera in Osborn’s
list only three are extinet,

Yogt and Specht.) 56)
¥
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The Carnivora are the alert, resourceful flesh eaters, represented
by 73 living, and 113 extinct genera. The suborder Fissipedia s
made up principally of land animals, while the suborder Pin-

Fig. 57.—Fissipede carnivores. A, wolf, Canis lupus. (After Beddard.) B,
covote, Canis lafrans. (From Stone and Cram, after Dugmore.) (),
red fox, Vulpes fulvus. (From Stone and Cram, after Dugmore.) D,
raccoon, Procyon. (After Fuertes, in Nat. Geog. Mag.) FE, polar bear,
Thalassarclos. (From Stone and Cram, after Dugmore). F, mink, Pu-
torius. (From Stone and Cram, after Speight.) @, civet cat of the Orient,
Vicerra. (After Beddard.) H, striped hyena, Hyena, (After Schmid.)
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nipedia comprises fish-eating carnivores that have become sec-
ondarily modified for aquatie life. As delegates to represent the
fissipede carnivores, may be mentioned the following genera:
Canis, dogs, wolves, and coyotes; Vulpes, red foxes; Procyon,
raccoons; Ursus and Thalassarclos, bears; Mustela, martins and
their allies; Puforius, the weasels and minks; Tawidea, badg-
ers; Mephitis, skunks; Viverra, civets; Herpesles, mongooses;
Hyana, hyenas; Felis, cats, lions, and their kind; and Cynalurus,
the “cheetah ”” of India, a cat without retractile claws (Fig. 57,
A-H). Among the pinnipede carnivora (Fig. 58), some genera

Fia. 58.—Pinnipede carnivores. A, California sea lion, Zalophus. (From
Stone and Cram, after Dugmore.) B, Arctic walrus, Odobenus. (After
Schmid.)

are Otaria and Zalophus, the sea lions; Odobenus, walruses; and
Phoca and Cystophora, the seals.

The Rodentia, or gnawing animals, with 101 living and 61 fossil
genera, are the most numerous of all living mammals, particularly
as they make up in number of individuals what they lack in size.
They are prevailingly plant eaters, and form an important link
in nature’s chain, since they hand on the sun’s energy stored by
green plants, to the carnivores which in turn devour them.

The rodentian bloe (Fig. 59), in the congress of mammals may
be represented by the following genera: Lepus, rabbits and hares;
Seiurus, squirrels ; Cynomys, prairie dogs; Sciuropterus, flying squir-
rels; Tanais, chipmunks; Castor, beavers; Perognathus, pocket mice;
Geomys, pocket gophers; Mus, rats and mice; Myodes, lemmings;
Microtus, voles; Fiber, muskrats; Zapus, jumping mice; Dipus, jer-
boas; Erethizon, poreupines; Histriz, hedgehogs; Cawvia, guinea
pigs; Peromyscus, white-footed mice; and Marmota, woodchucks.

The Edentates (Fig. 60), are rather degenerate mammals, either
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toothless, as the name signifies, or with very poor chalky teeth.
Their home is in South America, for only three of the eighteen liv-
ing genera are found elsewhere, although the anteaters, Tamandua,
Myrmecophaga, and Cyeclopes, extend as far north as Central

Fic. 59.—Representative rodents. A, squirrel, Scturus; B, prairie dog,
Cynomys. (Both from Stone and Cram, after Dugmore.) , flying
squirrel, Sciwropterus. (From Newman, after Lydekker.) D, beaver,
Castor. (From Stone and Cram, after Dugmore.) FE, muskrat, Fiber.
(From Stone and Cram, after Carlin.) F, jumping jerboa, Dipus, of
FEurope. (After Beddard.) , poreupine, Erethizon. (From Stone and
Cram, after Dugmore.)

America and Mexico, and the nine-banded armadillo, Tatusia,
reaches even Texas. Of the thirty-six genera of fossil edentates,
two are from Europe and Africa, four from North Ameriea, three
from both North and South America, and twenty-five exelusively
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from South America. Thus it is evident that the center of
distribution of this order has been South America. Indeed, the
three genera of African edentates, that is, Manis and Pholidotus,
“pangolins,” and Oryeteropus, the “aard-varks" of the Boers, are
placed by Osborn, for geographiecal as well as anatomical reasons,
in two separate orders by themselves. The “sloths,” Bradypus
(three-toed), and Cholepus (two-toed), are well named because
of their sluggish habits. They are awkward, helpless creatures,
clothed with coarse, gray hairs and equipped with long, hooklike
elaws which enable them to hang upside down in the branches
of tropical trees, where they depend upon their resemblanee to
motionless masses of gray beard mosses for proteetion from their

Fia. 60.—Edentates. A, scaly anteater of Africa, Manis. (After Beddard.)
B, ground hog, Orycteropus, the “aard-vark " of Africa. (After Schmid.)
O, three-toed sloth, Bradypus, of South America. (After Schmid.) D,
six-banded armadillo, Dasypus. (After Brehm.)

carnivorous foes. Of the armadillos, besides the nine-banded Ta-
tusia already mentioned, there are the three-banded Tolypeutes, the
six-banded Dasypus, and the eleven-banded Xenurus, all of which
roll up in their scaly armor like “pill bugs” when danger threatens,
and so present a hard nut for any predaceous enemy to crack.
The Primates (Fig. 61, A-(3), including thirty-nine living genera of
lemurs, monkeys, apes and man, while not so highly specialized in
their entire bodily strueture as the three orders yvet to be mentioned,
stand first in the vertebrate elass with respeet to brain develop-
ment.  Most of the twenty-three fossil genera of this order are le-
murs, which no doubt dwelt in trees, as their modern representatives
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of the Madagascar forests do to this day. Primates generally are
largely arboreal in habit (Fig. 61), and tend to assume an upright

Fic. 61.—Primates. A, lemur, Tarsius. (After Haacke.) B, long-tailed
monkey, Alonatta; C, gibbon, Hylobates; D, orang utan, Stmia. (After
Schmid.) £, gorilla, Gorilla. (After Beddard.) F, Gorilla. (After

Schmid.) @, chimpanzee, Anthropopithecus. (After Schmid.)

posture that makes possible the development of a pair of handy
hands. Organs of defense, like secales, claws, horns, and hoofs,
are not needed by Primates, since wits take their place.
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The platyrrhine, or broad-nosed, long-tailed monkeys of the
New World are racially older and more primitive than the short-
tailed, catarrhine monkeys of the Old World. Hapale, the little
marmoset:; Ateles, the spider monkey; Mycetes and Alonatta,
the howlers: and Cebus, the Capuchin monkey, which made the
hand organ famous, are samples of the former kind, while Papio,
the mandrill; Cynocephalus, the solemn baboon; and Macacus, the
lively macaque, which is so fre-
quently seen serving time behind
the bars in zodlogical gardens
and menageries, are representa-
tives of Old World types.

There are four genera of living
tailless apes, which are as far
above the monkeys in the scale
of intelligence as man is above
the apes. They are the gibbon,
Hylobates, of long arms and
arboreal habit, from southeast-
ern Asia and the East Indies;

Fic. 62—The arboreal habit of pri-

mates. A, a young chimpanzee,
hanging to a branch. (After ]L(:Uhv.}l
B, a baby ten days old, which was
able to hang from a support for ten
minutes. Compare the attitude of
the feet with that in A. (Aftera

the orang utan, Simia, of Borneo
and Sumatra; the powerful go-
rilla, Gorilla, and the chimpanzee,
Anthropopithecus, the two latter
both from Africa. The apes,

hotograph by Romanes. : :
e s ) particularly the chimpanzees,

are capable of a considerable degree of education. They ean be
taught to wear elothing, dine at a table, ride a bieyele, smoke a
pipe, expectorate with preecision, and perform many other acts
characteristically human.

Modern man, of whatever race or color, belongs zodlogically to
a single genus and species, Homo sapiens, L., although the name
(wise man) is more appropriate for some human individuals than for
others. Fossil man will be econsidered in a later chapter (page 98).

The Ungulata are the hoofed animals. IFor the most part they
are large, rather stolid, plant-feeding creatures, most at ease when
standing upon their highly speecialized feet whieh are adapted for
bearing continuous weight by being encased in shoelike hoofs.
[Unlike the soft-footed carnivores, which collapse into a reposeful,
recumbent posture at every opportunity, only to spring into alert,
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activity upon the slightest provoeation, the ungulates never sit
down at all, and do not even lie down without considerable delib-
eration.

The seventy-three genera of ungulates include many kinds of
great utility to man. They have, moreover, played a notable role
in the past history of the world, as evidenced by the fact that
204 genera of fossil ungulates are known, many more than of
any other order of mammals, although these numbers are no
doubt due in part to the readiness with which they fossilize.

The living forms may be considered under four suborders:—
ARTIODACTYLA, PERISSODACTYLA, PROBOSCIDEA, and HYRACOIDEA.

Bt A4 4 &

Fic. 63.—Non-ruminant artiodactyls. A, peccary of South America, Pecari;
B, wart hog of Africa, Phacocherus; C, Hippopolamus of Africa. (All
after Beddard.)

The artiodactyl ungulates have an even number of toes on
each foot. They may be grouped into those which swallow
their food once for all, like the hogs and hippopotami, and those
that are ruminant eudchewers, regurgitating hastily swallowed
grass or herbage for a more thorough mastication later, at their
leisure,

Examples of non-ruminant genera are Sus, the swine, natives
of Europe which have followed man as his domesticated allies the
world over; Pecari, the hoglike “peccaries” of South Ameriea;
Phacocheerus, the wart hog of Africa; Babirusa, the wild boar of
Celebes; and Cheropsis and Hippopotamus, the four-toed hip-
popotami of Africa (Fig. 63, A-C).

Ruminant artiodactyls are provided with defensive horns,
either hollow and permanent, like those of a cow, or solid and
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periodically shed and renewed, like the antlers of a stag. Repre-
sentative ruminants are: camels and dromedaries, Camelus, the
so-called “ships of the desert'"; South American llamas, Auchenia;

Fic. 64.—Representative ruminants. A, camel, Camelus bactrianus.  (After
Beddard.) B, dromedary, Camelus dromedarius.  (After Sehmid.) €,
llama of South America, Auchenia. (After Beddard.) D, chevrotain of
India, Tragulus, (After Beddard.) E, giraffe, Giraffa; F, okapi, Okapia.
(After Schmid.)

deerlike chevrotains of the Orient, Tragulus; towering giraffes of
Africa, Giraffa; the eurious, rare Congo okapi, Okapia; the musk
deer of Indo-China, Moschus; true deer of various countries,
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Cervus; reindeer of the Arcties, Rangifer; moose and elk, Alces;
pronghorn antelope of the Rocky Mountains, Antilocapra; gazelle
of Africa, Gazella; chamois of the Alps, Rubricapra; antelopes,

Fia. 65.—Horned ruminants. A, reindeer, Rengifer. (After Beddard.) B
arctic musk ox, Oribos,  (After Sechmid.) ¢, American bufialo, Bison; D,
moose, Alces.  (After Beddard.) E, antelope, Antilopa. (After Schmid.)
F, pronghorn antelope, Awnlilocapra. (From Stone and Cram, after
Dugmore.)

Antilope; goats, Capra; sheep, Ovis; musk ox of Arctic regions,
Ovibos; yak of Himalaya, Péephagus; domestic cattle of all
kinds, Bos; and the American bison, Bison (Fig. 64, A-F, and
Fig. 65, A-F).
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Perissodactyl ungulates are those with an odd number of toes on
each foot (Fig. 66). The principal genus is Equus, which includes
the horse and its allies, the ass and zebra. These animals have
perhaps the most definitely traced pedigree of all mammals,
since their record goes all the way back by successive links to a
small five-toed ancestor which was about the size of a fox, and lived
in Eocene times. Other perissodactyls are the tapirs of South

F1c  66.—Perissodactyl ungulates. A, wild ass of Syria, Fquus onanger;
B, tapir of South America, Tapirus; €', two-horned rhinoceros of Africa,
Rhinoceros bicornis; D, one-horned rhinoceros of India, Rhinoceros indicus.
(All from Beddard.)

America, Tapirus, and the rhinoceroses, Rhinoceros, of Africa
(two-horned) and of India (one-horned).

The Proboscidea are the elephants, largest of land mammals,
which are so bulky that they are obliged to walk stiff-legged in
order to support their tremendous weight (Fig. 67). The heavy
head is sustained horizontally by a short, stout neck, and the
rigidity brought about by this arrangement, as well as by the
stiff uncompromising fore legs, is compensated by the develop-
ment of a “trunk,” which is the nose and upper lip together,
enormously drawn out into a flexible, prehensile organ. Some
proboseidians, as the mastodons and hairy mammoths of northern
countries, became extinet in comparatively recent times geolog-
ically, while other less specialized ancestors, as Dinotherium of
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Europe and Asia, and Palwomastodon of Egypt; are considerably
more ancient. There are two genera of living proboscidians, Ele-
phas, the Asiatic elephant, and Loxodonta, the African elephant.

F1a. 67.—Proboscidea. A, extinet mammoth, Elephas primigenius. (After
Schmid.) B, restoration of an extinet dinothere, Dinotherium giganieum.
(After Abel.) C, African elephant, Loxodonia. (After Schmid.)

The Hyracoidea, or coneys, include two genera, Dendrohyrax
(Fig. 68), of Africa, and Hyrax of Syria and Arabia. They are
little cud-chewing animals resembling guinea pigs, with small
hooflike tips to their toes, and, according to the Book of Proverbs,
“are but a feeble folk, yet make they their homes in the rocks.”

3 Fic. 69.—Atlantic sea cow or manatee,
Fia. 68.—African coney, Den- Trichechus. (From Stone and Cram, after
drohyraz. (After Beddard.) Dugmore. )

The Sirenta are perhaps the animals that have furnished the
slender basis of faet from which imaginative sailors from time
immemorial have spun their tales of mythical mermaids and
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sirens. A less romantic and more applicable common name for
them is “sea cows,” for they feed upon seaweeds, and, in spite
of their abnormal form, show unmistakable relationship to vege-
tarian ungulates in many ways. They are large, clumsy water
animals, having a broad snout eovered with sparse, coarse bristles
and an otherwise hairless skin. The anterior legs are modified
into swimming flippers, while the hind legs are entirely absent.

Only two genera of this order are represented by living animals.
They are distant from each other about as far as it is possible
for them to be separated on the earth, since the ‘“‘manatees,”
Trichechus (Fig. 69), inhabit the rivers of the northeastern coast
of South America and beyond, as far north as the Everglades of
Florida; while the ‘du-
gong,” Halicore (Fig. 70),
lives in the Red Sea and
Indian Oecean.

Of the seven fossil gen-
era, one, ‘‘Steller's sea
cow,” Rhytina stelleri, has
F16. 70.—Dugong, or Indian Ocean sea cow, been extinet only about

Halicore. (After Schmid.) oTer Fandeed o ﬁft.}-"
yvears. It first became known in 1741, when Steller, a Russian
whaler, was shipwrecked upon a group of small islands in Behring
Sea. He and his erew were saved from starvation because they
found there a rookery of these large sea eows upon which they fed
until they were rescued. During the next twenty-five vears
Russian whalers, with human greed and stupidity, hunted these
valuable food animals to extinetion until Nordenskiold, who
visited the islands in 1768, reported that the last individual
of the colony had been killed. They have never been found
elsewhere.,

The Cetacea, or whales and their allies, among which are to
be found the largest known lhiving animals, inelude the leviathans of
the ocean. They have undergone profound specialization for
marine existence, yet they present unmistakable hallmarks of
true mammals, as, for instanee, breathing air by means of lungs
and feeding the yvoung upon milk. While in the aet of nursing,
which is obviously accomplished under difficulties, the young
whale presents a curious resemblance to a small tug attached to
the side of an ocean liner (Fig. 145). By reason of their warm-
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bloodedness and a thick blanket of heat-retaining blubber under
the skin, these gigantic animals are able fo pursue their activities
even in arctic waters.

Whales may be grouped into two subclasses:—oDONTOCETI,
or toothed whales, which feed primarily upon fishes; and mys-
TACOCETI, or whalebone whales, which, by means of a peculiar

Fi1g. 71.—Toothed whales, or oponToceTI. A, “killer,” Orca. (After True.),
B, porpoise, Phocena; €, narwhal, Monodon. (After Schmid.)

brushlike device of “whalebone’ in the eavernous mouth cavity,
strain out and swallow countless myriads of mieroscopic ocean
inhabitants, that constitute for them a nutritious sea soup of
unlimited supply.

The toothed whales (Fig. 71) are usually not of extraordinary
size and frequently forage about in their watery hunting grounds
in schools. Some of them are the dolphin, Delphinus; porpoise

Fia. 72.—Right whale, Bal®na. (After Schmid.)

Phoczena; grampus, Grampus; “blackfish,” Globiocephalus; killer,
Orca; narwhal, Monodon, with a single enormous twisted tooth,
projecting horizontally like a pikestaff; the sperm whale, Physeter;
and the bottle-nosed whale, Hyperoodon. The last two attain
considerable size.

The giants, however, are the whalebone whales, of which the
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gray whale, Rachianectes; the rorqual, Balznoptera; the hump-
backed whale, Megaplera; and the right whale, Balzna (Fig. 72),
are examples.

There are nine genera of fossil cetaceans, and twenty-seven
genera of living ones, some of which are becoming scarce because
they have been so relentlessly hunted by man.



CHAPTER III

THE DISTRIBUTION OF ANIMALS IN SPACE
(CHOROLOGY)

I. THE POINT OF VIEW

An observant traveler as he goes from home in any direction
gradually leaves behind a familiar world of animals and plants,
and if his travels are sufficiently extensive, he arrives in a land of
strange organisms perhaps quite unlike those he already knows.
He discovers that no one kind of animal is to be found everywhere,
but that each kind has its own home territory beyond which it does
not ordinarily venture.

In imagination he might map out upon the globe the home
patch, with all its irregular boundaries, which each of the 600,000
or more species of living
animals occupies. Of
course it would form an
exceedingly complex
patchwork, because the
areas thus delimited
would be wvery unequal
in size and shape, and
would overlap each other
in a great variety of ways
like a gigantie palimpsest.
A diagram to express this
idea, in which the areas
of onlv six instead of Fi6. 73.—Hypothetical limits of the distribu-

3 : : tion of six different species of animals, ar-
600,000 species are in- ranged in superimposed areas.

volved, is shown in Fig. 73.

Such a picture, moreover, if truly represented, would be a
motion picture, presenting constant change like a kaleidoscope,
for the frontiers established by living things ean never remain
constant. It 1s well known that animals in the past actually
occupied territory from which they are absent today, and that

7l
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the contrary is equally true. Evidence from fossils, for example,
shows that tropical parrots and arctic reindeer were once natives
of what is now temperate Franece, that elephants formerly roamed
over the United States, and that antarectic albatrosses flew over
England.

The locality where any speecies of animal is found is just as
much a diagnostie characteristic of the kind of animal in question
as its peculiarities of structure or behavior. It follows that not
only fossils but any kind of living animals lose much of their
value for the scientist who would study them, if their home place
is unknown.

II. HABITATS

The immediate surroundings in which any animal is at home
constitute its habitat. Thus, animals are said in general to oceupy
either a land or a water habitat. Some of the more specific terms
applied to habitats are desert, forest, mountain, subterranean,
marsh, pelagie, abyssal, pond, marine, and fluviatile. This list of
descriptive terms, applicable to local conditions, may be almost
indefinitely extended, according to the minuteness desired in the
description. The arrangement of these various kinds of habitats
over the surface of the globe determines to a large extent the
distribution of living forms. It is obvious, for instance, that
arboreal animals are not to be expected in the open ocean, nor
fishes in waterless deserts.

Animals found living suceessfully in any habitat must be meas-
urably adapted for life there, although there are many cases in
nature of imperfect adaptation where a square peg is attempting
to fill a round hole. The usual result in such a misfit is that the
peg either goes further until it finds its proper hole, or gradually
changes to fit the hole it is in. Both hole and peg are changeable
things, but the hole does not often change to fit the peg, for the
initiative is not with the hole but with the peg.

Not all habitats, moreover, are occupied by animals and plants
adapted to live in them. The popular idea that climate, for
example, determines the distribution of organisms, is largely
erroneous. There are no grizzly bears in Switzerland, no birds-
of-paradise in California, nor “snakes in Ireland,” although the
climate in each case is suitable for the absentees. The equatorial
forests of Africa and South America have practically the same
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elimate, vet the former region is characterized by elephants,
apes, leopards, and guinea fowls, while the latter has none of these
animals, but does support tapirs, long-tailed monkeys, jaguars,
and toucans, which are never found in Africa. What then are
the factors that determine the present distribution of animals
and plants? Why are animals located where they are? For
answers to such questions as these we must turn to the sciences of
ECOLOGY and CHOROLOGY.

[II. THE SCOPE OF CHOROLOGY

The science of Feology (oikes, home; logos, discourse) deals
with the intimate arrangement and behavior of organisms within
their respective habitats. It is the provinee of the more ineclusive
science of Chorology (choros, place; logos, discourse) to determine
the general distribution of animals and plants over the earth, and
to formulate the laws which determine their location in nature.

So long as mankind was satisfied with the naive supposition
that the earth had been arbitrarily populated by independent
aets of special ereation, much as a person might arrange chessmen
upon a board, there was no sense or object in the science of
chorology. There was nothing to explain. Leopards, for example,
were in Afriea, and jaguars in South America, because they were
placed there in the beginning. The two kinds of animals were
entirely independent and without any relation to each other,
When, however, the conception, culminating with Darwin, that
all organisms are more or less related to each other, and that
every species arose 1n the course of time by modification from
some other species, then the manner of distribution over the earth
became full of significance and seriously challenged the attention
of thinking people.

[V. THE LAWS OF DISTRIBUTION

Jordan and Kellogg ! have formulated three “laws’ governing
the distribution of animals which, with some abbreviation, may
be stated as follows: Every species is found everywhere that con-
ditions are suilable, unless (1) it was unable to get there; (2) having
“got there” it was unable to stay; or (3) having “got there” it
became modified into another species. It will be profitable to
consider these “laws” briefly. First, it is not suitability of the

! Animal Life. D. Appleton & Co.
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habitat that determines the presence of an inhabitant, but ac-
cessibility from the place of the inhabitant’s origin. For instance,
there are no hummingbirds in Africa, while there are over 450
species in South and Central America, not because Africa itself
is unfavorable to hummingbird oeccupation, but because these
tiny, fairylike creatures have never been able to cross the wide
oceans separating their ancestral American home from far away
Africa.

Second, there are many instances of animals and plants that
have succeeded in invading new territory, but have been unable
to hold their own there. Several vears ago the U. 5. Government
introduced a herd of camels into the semi-arid region of the South-
west, and allowed them to run wild in the hope that they would
multiply, spread, and eventually form a valuable addition to a
region inhospitable to most large animals. The environment was
very like that from which the camels came and the experiment
might have proved sueccessful but for the unfortunate fact that
local cowboys, with little regard for consequences, had so much
sport periodically rounding them up and putting them through
their paces, that the strange incongruous beasts were literally
worried to death.

Third, suecessful pioneers may win out in occupying new terri-
tory at the expense of their own specifie individuality., They are
adaptable round pegs thrown into new habitats of square holes,
that nevertheless remain and eventually square themselves to
fit the new holes. A elassical illustration of cases of this kind is
cited by Darwin,! of animals upon the Galapagos Islands off the
northwestern coast of South America. Of twenty-six species of
land birds found upon these islands, twenty-three species were
similar to, but still specifically different from those inhabiting
continental land a few hundred miles away. The interpretation
given by Darwin is that when the Galapagos group was separated
from the mainland in recent geological times, a new habitat was
formed in which wvarious individuals of continental species were
isolated. In the course of time, twenty-three species of these
birds ecame to assume an alias, because, under the molding in-
fluence of isolation, they had grown to be sufficiently different
from their mainland ancestors and cousins to rank as entirely
different species. These facts so impressed Darwin that he began

L Origin of Species.
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to think about the origin of species, with the fortunate result
that subsequently a great many other people were induced to
think about the same subject.

To these three laws of distribution may be added a fourth,
namelv: Fach species originated historically from some preceding
species at some definite place, and its present distribution s the
result of two opposing factors, EXPANSION and REPRESSION.

V. MALTHUS' LAW OF OVER-PRODUCTION

It would be as impossible for an unrestrained gas to remain
in one place, as for any species of animals to forego the attempt
to occupy unoccupied territory to which it has access. The
reason for this is the enormous expansive possibilities inherent
in the reproductive processes of all organisms, a condition for-
mulated by Malthus in his “Law of Over-production.” For
example, when a single cod produces 9,000,000 eggs, it is obvious
that infant mortality must come to the rescue, or within a few
generations every available inch of space in the ocean would be
preémpted by codfish.

Even slow-breeding animals like elephants, which produce
perhaps six young in a lifetime of a hundred years, would require,
according to Darwin, only about 750 years to produce from a
single pair, nearly 19,000,000 elephants. Allowing twenty feet
for each elephant, this would make a continuous parade, which
would have delighted Barnum’s heart, reaching one and a half
times around the world at the equator. Elephants and codfish,
however, do not multiply out of all bounds as the above figures
suggest, for the expansive forees of reproduction are kept in control
by opposing repressive factors which, yvear in and year out, main-
tain a balance in nature.

VI. FACTORS INDUCING EXPANSION
1. The Food Problem

Somewhere in one of his delightful essays, Dr. Crothers pre-
sents the illuminating statement that ‘“‘the haps and mishaps of
the hungry make up natural history.” There is no doubt that
the insistent need for food, as expressed by hunger, is a mainspring
of animal activity, which, like a centrifugal foree, compels animals
to go forth in quest of what they may devour. IEven among higher
animals, which exercise parental care, there comes a time when the
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young may no longer share food with their parents but must seek
fresh pastures. It would be disastrous, to illustrate with a botan-
ical case, if the acorns produced by an oak tree all remained to grow
within the parental circle,

Not only is there competition for food and place among animals
and plants of a kind, but there is severe rivalry between different
kinds of ereatures for the same food supply. The miscellaneous
company which at any time sits at Mother Nature’s table, does
not always, or even often, observe the table manners of polite
society, so that there is every inducement to go elsewhere.

2. Change of Habitat

Another general factor that causes organisms to spread, is change
in habitat. Such a change may be transient, like the drying up of
ditches and streams which affeets aquatic organisms, or it may be
permanent, like deforestation by man which renders arboreal
animals homeless. It may be sudden and catastrophie, like a
prairie fire, or a flood, forcing all sorts of animals to flee for their
lives; it may be gradual like the change of seasons, when winter
succeeds summer; or it may be so very slow that it extends over
generations of time, like the relentless dawn of a glaeial period.

In all cases, however, when an environment becomes unfavor-
able, there are at least four alternatives open to the inhabitants:
(1) the organisms may simply succumb to the change in environ-
ment, completing their normal life eyeles before the unfavorable
conditions befall, as in the ease of annual plants and most insects;
(2) they may retire from active life and mark time while the
unfavorable conditions last, like hibernating or encysting an-
mals, and trees that shed their leaves in winter; (3) they may re-
main plastic enough to change themselves as the environment
changes, thus keeping pace by adaptation to new conditions; or
(4) they may forsake unlivable surroundings and seek a more
favorable place to earry on, like migrating birds and emigrants of
all kinds. This latter alternative of migration brought about by
change in habitat, plays an important role in the expansive dis-
tribution of animals and plants.

VII. MEANS OF DISPERSAL

The ways and means, direct and indirect, that are employed by
organisms for dispersal, furnish a fascinating chapter in natural
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history. Only a few of the most common agencies may be men-
tioned here.

Among plants the wind i1s an important agent. In many in-
stances seeds are rigeed with ballooning or parachuting devieces,
or are so light as to be easily borne some distance upon eurrents
of .air. The tiny dustlike seeds of certain orchids, for instance,
have been known to float i air from Holland across the North
Sea, while the molds everywhere testify to the efficiency of air
movements, however slight, in scattering the spores of these
ubiquitous organisms. Over sixty speeies of North American birds
have been reported, which have reached Europe and become es-
tablished there by being borne out of their migratory routes, and
insects which take wing, like grasshoppers for example, are fre-
quently assisted in their widespread movements by the wind. It
has been observed that mosquitoes of the Hackensack marshes
in New Jersey are aided in their travels by the suction-like draft of
air caused by the swift passage of railway frains through their
populous habitat.

Water furnishes another highway for travel. The uneasy tides
keep the congested inhabitants of the seashore constantly stirred
up, while moving streams and ocean currents act continually as
agents in the involuntary transfer of all sorts of organisms from one
place to another.

Even floating icebergs are the precarious rafts upon which aretic
animals frequently are borne some distance into new regions.

Animals themselves assist each other in dispersal in a multitude
of ways. Parasites naturally go wherever their hosts go, and so
are introduced into the society of new hosts. The larval “glo-
chidia’ of eertain sluggish fresh-water clams of the genus Unio
fasten themselves to the gills of swiftly moving fishes, thus stealing
a ride to some distant point in the stream where they detach them-
selves and set up their semi-stationary housekeeping in a new
place. Animals are particularly conspicuous agents in scattering
the seeds of plants. “Sticktights” and burrs of all sorts are
makeshifts on the part of plants to secure transportation by attach-
ment to passing animals. Seeds too of various kinds are buried in
attractive fruits with the result that they may be eaten by animals
and so deposited in some new loecality after passing unseathed
through the digestive tube of the traveling animal. The mistle-
toe, which grows parasitically attached to branches of trees,
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presents an extreme case of distribution through animal agency.
Doves eat the mistletoe seeds which are encased in alluring sticky
berries. Frequently it happens, mueh as when a small boy emerges
from a jam closet, that the remains of the feast adhere around the
margin of the mouth, and the dove flies away to another tree where
it performs its toilet by wiping its sticky beak upon a branch.
Thus a mistletoe seed may be wiped off and stuck to a branch in
the exact situation favorable for the growth of a new plant in a
new place.

Of all animals, however, man has probably done more than any
other in furthering the spread of organisms. In many instances
this has been done infelligently and to the ultimate benefit of man
himself, as in the case of cultivated plants and domesticated
animals. The landsecape has been modified almost evervwhere by
the transforming hand of man. Crops of various kinds dot the
globe where wilderness onee flourished, while introduced flocks and
herds roam in safety over territory which was once the battle-
ground of native wild animals.

Frequently man has made serious mistakes, from the human
standpoint, in meddling with the balance of nature. The intro-
duction of that over-suceessful “avian rat,” the English sparrow,
into the society of American birds has been many times regretted,
both by man and by the birds with which 1t comes into competi-
tion. The bloodthirsty mongoose, which was brought to Jamaica,
and also to Hawaii, to kill rats in sugar cane fields, not only proved
to be an efficient rat-killer, but went further and destroved other
animals, particularly chickens, so that poultry raising has been
seriously interfered with, and now a price has been set on every
mongoose’'s head. Several years ago a gentleman in Medford,
Massachusetts, who conceived the idea that some more hardy
insect than the silkworm might be found to spin silk, and at the:
same time feed upon less restricted food than the leaves of the:
mulberry tree, brought back from Europe a few gipsy moths,,
Porthetria dispar, to experiment upon. The box in which they were:
contained, the story goes, was aceidentally knocked out of an open
window and some of the moths eseaped, but for the time the in--
cident was forgotten. This was in 1869. By 1889 the descendantss
of these aceidental pioneers had prospered to such an extent thatt
the people around Medford became alarmed. “In that summenr
the numbers were so enormous that the trees were completelyy
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stripped of their leaves, the crawling caterpillars covered the side-
walks, the trunks of the shade trees, the fences, and the sides of
the houses, getting into the food and into the beds.” A town
meeting was held and $300 appropriated to fight the pest. This
was a mere beginning, for since that time the State of Massachu-
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Fig. 74.—Map of the New England States, showing the spread of the gipsy
moth, Porthelria dispar. In 1900, twenty years after its introduction
near Boston, it had spread over the area marked in black. The cross-
hatched lines indicate its distribution in 1905, and the slanting lines its
range in 1918. (After Brues.)

setts, as well as adjoining States and the Federal Government
have repeatedly taken a hand in attempting the extermination
or control of the gipsy moth. Dr. Lutz, writing in 1920 ' says:
“Millions of dollars have been spent in an effort, so far unsue-
cessful, to free us from the invader, and the most that has been
done has been to confine it to New England.” (See map above,
Fig. 74.)
1 Lutz, Field Book of Insecis, G. P. Putnam’s Sons, 1921.
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The white cabbage butterfly, Pieris rapz, first came to America
from Holland in a sloop-load of wormy eabbages landed at Quebec
in 1861. Twenty years later it had colonized America on the
Atlantic Coast from Hudson Bay to Florida. In 1886 it had
arrived at Denver, and in 1900 had reached the Pacific Coast,
having accomplished the eonquest of the entire United States in
less than thirty years.

“Shipworms,” Teredo, on the outside, and rats on the inside
of the hulls of vessels, have spread themselves the world over
wherever shipping has gone, and in 1827 mosquitoes, traveling
as ‘“wigglers” in the bilge-water of a sailing vessel carrying mis-
sionaries, arrived in the Hawaillan Islands. Both missionaries
and mosquitoes have prospered since then and made the Islands
their own.

Several years ago a marble statue, made by the seulptor Thor-
waldsen in Italy, was set up in Copenhagen. As an accidental
result twenty-five species of Italian weeds, the seeds of which
were in the straw packing of the statue, are said to have made
their appearance in the immediate vieinity. Similar instances
could be indefinitely multiplied of the effects of the interference
of meddlesome man with the natural arrangement of organisms
in space.

VIII. FACTORS OF REPRESSION

Among the representative factors which hinder world conquest
on the part of any single species of animals or plants, are: (1)
inadequate means of dispersal; (2) non-adaptability to new condi-
tions; and (3) barriers of various kinds,

1. Inadequate Means of Dispersal

The difficulties of “getting there” are not especially apparent
in the case of freely moving animals like birds and inseects, but
they become very real and serious for many organisms whose
structure is not particularly adapted to locomotion over con-
siderable distances.

It has been experimentally determined ! that a certain kind of
flatworm, Planaria gonecephala, gliding in water by means of
cilia along a path of mucus which it must first secrete and lay
down upon some suitable substrate wherever it goes, travels at

! Walter, The Reactions of Planarians to Light, Jour. Exp. Zodl. vol. V., 1907.
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the rate of about 0.65mm. per second. Under the most favorable
circumstances 1t would require about a month of strenuous, un-
interrupted travel, day and night, on the part of such a flatworm
to go a mile, which is not a very large unit of distance compared
with the size of the earth. Probably no one flatworm either has,
or can within its lifetime, get energy enough for so stupendous a
journey, and even if it did acquire the requisite energy, and had
adequate locomotor machinery for its use, it is entirely unlikely
that 1t would ever devote itself to the consecutive effort necessary
to go a mile, in a month or a lifetime. What is 1n general true
of the flatworm applies to all sorts of animals which are poor
travelers, yet the race is by no means always to the swift. The
story of the tortoise and the hare finds plenty of parallels in actual
happenings in nature. In 1841 when Gould, with his searching
eye for molluses of all kinds, wrote A Report on the Invertebrate
Antmals of Massachuseits, he made no mention of Lifforina
litorea, a small familiar periwinkle, that feeds upon the seaweeds
along the seashore. In 1355 Morse found, in the Bay of Chaleur
at the mouth of the St. Lawrence River, a few of these animals
which had in some way been aceidentally brought there from their
original home in Europe. In 1875 Verrill reported two from
Woods Hole, Mass., several hundred miles to the southward,
and in 1880 Smith found the first one noted as far south as New
Haven, Conn. At present this species of snails is one of the
commonest along the Atlantic coast, in spite of the faet that in-
dividually it is not a facile wanderer. Its traveling ability was
once tested by the writer who marked for identification 1,000
shells of Littorina living along a little strip of beach at Woods
Hole. After a lapse of three weeks 567 of the marked snails were
found still in the same restrieted locality.

2. Non-Adaptability to New Conditions

The non-adaptability of organisms to new habitats which they
may have invaded, is doubtless much greater than appears on
the surface, and surely acts as a deterrent to the spread of or-
ganisms. Successful invaders that gain a new foothold and retain
it, catch the eye and eclaim attention, while unsuecessful ones
which reach the promised land but are unable to establish them-
selves there, espape attention and pass unnoticed.

Many plants which thrive under cultivation, like Indian corn
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or maize, appear to be unable to maintain themselves in nature
when they chance to run wild. The yellow-fever mosquito,
Stegomyia fasciata, fortunately cannot suceeed north of a certain
dead line, although no doubt it has repeatedly crossed this in-
visible limit. The English ivy also, that clothes the walls of
southern buildings in luxuriance, fails to grow well in more northern
latitudes, although repeatedly planted and nurtured there.

3. Barriers

Barriers which check or stop organisms on all sides are at least
three in kind :—PHYSICAL, GEOGRAPHICAL, and BIOLOGICAL.

Temperature is a widespread physical barrier. The exclusion
of “cold-blooded” animals, such as amphibians and reptiles,
from participation in the colonization of lands of prevailingly

A

VERTICAL TRANSITION FROM TROPICAL
TIDE LEVEL TO HIGH ANDES

HORIZONTAL TRANSITION FROM EQUATOR TO NORTH POLE >

Diagram of the general parallel sequence of organisms in altitude
and longitude.

FiG. 75.

low temperatures, is quite evident. In general, temperature zones
extend not only in latitude, north and south from the equator,
but also in altitude in a parallel suceession from tropical sea level
to high mountain peaks (Ilig. 75). ‘

In ocean depths pressure acts as a barrier that stratifies the
inhabitants living therein within certain limits to which they
have become specifically adapted. Deep-sea fishes cannot pass
freely from abysses to surface waters, nor can pelagie forms sink
far below and survive. Similarly there is an upper, altitude limit
in the air beyond which flving birds cannot rise.

i s e i e
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Humidity sets up a barrier which according to its degree is
largely impassable to exploring organisims that are dependent upon
a certain optimum of water; and light 1s a physical barrier that
halts the traffic of nocturnal darkness-lovers, although it usually
has more of an ecological than chorological bearing,.

Geographical barriers are such features of the earth’s surface
as oceans, land masses, rivers, mountains, waterfalls, deserts,
forests, and the like. What is a barrier to one organism, however,
may be a highway to another. Thus, a desert would form an
impassable barrier to a squirrel but not to a camel, while a forest
in which a squirrel would revel, would prove an effectual barrier
to a camel.

Biological barriers are bound up, in the first place, with the eter-
nal food problem, since the absence of food of a particular kind
in a region prevents the advance of invading animals, while pov-
erty of soil discourages occupation by plants dependent upon the
missing constituents. Secondly, biological barriers are often
created by the presence of other animals, by habit predaceous
or parasitic, which forbid advanee in certain directions. The
“tsetse fly,” Glossinia, that never goes far from the river bottoms
in certain parts of tropical Africa, transmits a fatal blood parasite
to cattle that approach within its range, thus debarring them
from sueccessful maintenance in these fertile areas. Thirdly, the
greatest biologiecal barrier of all is man, since he i1s able to control
the forces of nature far more than any of his animal allies.

It should be pointed out that preventive barriers to the spread
of animals may exist within the animals themselves in the form
of scanty wits or lack of initiative which cause failure to enter
in, even though the door of opportunity swings wide open.

If the factors of expansion and repression were equal in all
~directions the area occupied by each species would be a perfeet
cirele, but such a case is unknown. The irregular shapes and
‘boundaries of the claims actually staked out in nature by various
organisms, proclaim the complex interaction of the fundamental
opposing forces that determine distribution.

IX. CLASSIFICATION OF LIFE REALMS

An attempt has been made by chorologists to divide the
land-masses of the world into life realms, according to the dis-
tribution of animals and plants. Such life realms in no way neces-
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sarily coineide with the familiar political boundares that separate
nations from each other, for they are mueh more indefinite in
their limits. Furthermore, 1t 18 evident that such life realns
must vary according to the kind of animal or plant inhabitants
selected to serve as their determinants.

Perhaps the first serious attempt thus to divide the earth into
zoological realms, was made in 1851 by Selater, who based his
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conclusions upon the distribution of birds. There are, however,
some very apparent objections to utilizing such vagrant, barrier-
defying ereatures as birds for this purpose. Aeccordingly, in 1876
Alfred Russell Wallace, who if not the father of animal chorology
must at least be reckoned as one of the founders of the science,
divided the surface of the earth into zodlogical regions, based
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chiefly upon the distribution of mammals. Reptiles, amphibians,
fresh-water fishes, insects, and spiders have each in turn been
used as the foundation for zodlogical map-making, as well as va-
rious combinations of animals, but no doubt mammals present
the most advantages for this purpose. The reason for this lies
in the fact that, although warm-blooded and thus capable of oc-
cupying a great range of habitats, mammals are the most recently
evolved large group of animals on the earth, and have not had as
much time as other types of animals to radiate from their centers
of origin, with consequent confusion as to which species are native
(endemic), and which introduced.

Wallace’s classification consists of six large regions, each of
which is divided into four subregions (as indicated in the table
on page 84).

This table shows the number of different families of mammals
represented in each of the twenty-four subregions, and is com-
piled from data colleected by Wallace in his book upon Distribu-
tion of Animals. It will be seen from this table that bats (Chirop-
tera) are most generally represented, there being no subregion
that does not have at least one of the five families of bats within
its borders, while whales (Cetacea) do not appear at all, because
they are not definitely associated with any land masses. The
richest subregion, so far as number of mammalian families goes,
is the South African, although the Fast African, West African,
Indo-Malayan, and Mediterranean are likewise conspicuously
populous. The poorest is the New Zealand subdivision, which
can boast of no native mammals with the exeeption of two families
of bats.

The Mercator map of the world (Fig. 76) shows roughly the
extent of each of Wallace's regions and subregions.



CHAPTER 1V

THE DISTRIBUTION OF ANIMALS IN TIME
(PALEONTOLOGY)

I. VANISHING SPECIES

It is quite as essential to an intelligent understanding of the
organisms living upon the earth today, to have some vision of
the long pageant of preliminary life in the past, as it is for a wise
statesman to be well versed in the history of events leading up
to the present state of affairs in which his immediate problems
lie. Species of animals and plants, like individuals, pass through
successive stages that resemble the phases of a single life. Ex-
panding childhood, vigorous youth, sustained maturity, and de-
crepit old age succeed each other only to end inevitably in death
or extinction. Sometimes a species, like an individual, may com-
plete its life without leaving any issue behind, but oftener, in
the long course of its existence, it somehow gives rise to species
different from itself, a process which has brought about the in-
finite diversity of living forms that connect monad with man.

Certain conservative kinds of organisms, well adapted to their
niches in nature, persist, retaining their charaecteristics without
significant evolutionary advance for unthinkably long periods
of time, while other species, exhibiting a wider range of variability,
live a faster, more diversified life and advance more rapidly along
the transforming highway of evolution, only to meet extinetion
sooner. The brachiopods, Lingula and Terebratula, for example,
the modern living representatives of which are hardly to be dis-
tinguished from.remote fossil ancestors found buried in the most
ancient sedimentary rocks, are instances of conservative species
that have shown almost no progress, while Trilobites, Ammoniles,
Pterosaurs, and Dinosaurs are large representative groups of more
ambitious animals, of astonishing diversity of form and detail,
which have long sinee paid the death penalty for their high degree
of specialization.

Examples of all stages in the process of coming to an end on
the part of a species may be cited.  For instance, many kinds of

87
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birds, like the heath hen, upland plover, snowy egret, and wood
duck, are probably marked for extinetion in the near future. This
is not simply because they are being crowded off the earth by
dominant man, but because they are in the biological blind alley of
over-specialization with a corresponding lack of ability to adapt
“themselves to changing conditions, and are consequently nearing
the end of their organic resources. In fact, birds, taken as a group,
are so highly specialized that they have no evolutionary eseape,
sinee that is possible only in generalized types having eapaecity
for further adaptation.

People now living remember the hordes of passenger pigeons
that formerly darkened the skies, but the last individual of this
species died in captivity only a few years ago, while the passing
of the “dodo,” the great auk, and Steller’s sea cow are matters
of recently recorded history. The mammoth, moa, sabre-toothed
tiger, and woolly rhinoceros came to their end just before the
beginnings of human history, and back of these recent antiquities
stretches a long interminable line of various species whose chapter
of existence closed so long ago that our ordinary measures of time
entirely fail to express the fact adequately.

There is no doubt that living species number but a small fraction
as compared with vanished ones formerly peopling the globe,
whose race has long since been run. The dawn of life 18 unknown,
for the oldest sedimentary rocks in which the first known evi-
dences of life appear, yield a wide variety of forms, such as sponges,
corals, jellyfishes, echinoderms, worms, brachiopods, molluses,
and trilobites. This means that the great Canterbury Pilgrimage
of organisms had already been traveling for some time along the
evolutionary road, before we cateh our first glimpse of the pageant.

[1. FOSSILS

The ancient history of animals and plants forms the science of
PALEONTOLOGY. [ossils make up the alphabet in which the
language of this science is written. “A fossil,”” says Sir Charles
Lyell, the eminent geologist, “is any body or traces of body,
animal or vegetable, buried and preserved by natural eauses.”

1. Former Ideas about Fossils

Fossil remains of animals and plants, although known from
time immemorial, have been variously misunderstood in the
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past. To Aristotle they were the artificial results of spontaneous
combustion. Empedocles, who found fossil hippopotamus bones
in Sicily, thought he had discovered a battle-ground where gods
and Titans fought. Henrion, in 1817, regarded fossils as molds
and casts left over in the creation of animals and plants, and
even as late as 1823, Willlam Buckland of Oxford wrote learnedly
“On Observations on Organic Remains attesting the Action of a
Universal Deluge.” Sir Charles Lyell states that it took one hun-
dred and fifty vears of dispute and argument to persuade scholars
that fossils were really remains of what were once living organisms,
and one hundred and fifty years more to convince them that they
were not the results of Noah's flood.

Today a vast number of fossils have been recovered from obliv-
ion in many parts of the world and together they present a most
convineing and illuminating mass of evidence econcerning the
ancient inhabitants of the earth. Even when fragmentary and
imperfect, as most of them are, they furnish irrefutable proof of
vanished life, just as certainly as the astonishing footprint on
the sand of the seashore was as entirely conclusive to Robinson
Crusoe that another human being was on his island, as the actual
presence of the savage who made it would have been.

2. Conditions of Fossilization

There are various faetors involved in the process of fossiliza-
tion. It is usually essential that fossilizable parts, like bones,
teeth, shells, seales, or chitin be present, and that the conditions
for natural burial be such as to aid in the preservation of these
parts. The great majority of animals and plants do not become
fossils, but return at death to their inorganie origins through the
route of deeay, or by being devoured by animals. Dr. C. D.
Walcott has published a book of unexpected facts concerning
Fossil Medus®, however, in which are pictured a great variety
of these fragile creatures which succeeded in leaving a fossil
record of themselves in spite of the fact that their jelly-like bodies
had no hard parts, and were over 959, water (Fig. 77).

The manner of burial in fossilization may be sudden and catas-
trophie, as by landslide, earthquake, devastating flood, over-
whelming sand storm, or by a rain of volcanie ashes such as
fossilized the entire cities of Herculaneum and Pompeii, or, it
may be exceedingly slow, as in the formation of sedimentary rock
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under water, the inerustations resulting from immersion in mineral-
impregnated hot springs, or by the drip of limy water which
forms stalactites and stalagmites in limestone caverns. Quick-
sands, swamps, and bogs may engulf animals also and thus favor
fossil formation by preventing rapid decay through the execlusion

Fia. 77.—A fossil medusa, Rhizostomiles, from the lithographic slate of Solen-
hofen, Bavaria, showing that even the most delicate organisms may be-
come fossils, [zi'l.-'l uch reduced in size. The original specimen is in the col-
lection of U. 8. Nat. Museum.] (From Walcott.)

of air. As a matter of fact, “bog water” is said to possess an-
tiseptic properties to a remarkable degree. Amber, which is
fossilized pitch, furnishes another kind of burial place. Insects,
crawling on the trunks of ancient conifers and becoming en-
tangled in the sticky exudations there, succeeded far better than
any Egyptian dreaming of immortality, in perpetuating their
mortal bodies intact in a world of universal decay. At Rancho
La Brea, near Los Angeles, California, there is a famous bed of
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asphalt in which at some time long ago a great variety of animals
were not only entrapped and killed but also preserved as fossils.
In detritus-filled ecaverns where dying animals have retreated,
fossils are frequently found. Sixty miles north of the Arctic Circle
at Beresovka in Siberia, a mammoth was discovered in a pit,
frozen and so perfeetly preserved in ice that some of the flesh was
eaten, many thousand years after it was accidentally placed there
in cold storage. On oceanie islands, such as the Chincha Islands
off the coast of Peru, where, for long periods of time, sea birds
have resorted to nest, the dried excreta of the birds, commereially
known as “guano,” is frequently deposited to a depth of several
hundred feet, forming a natural burial place for fossils.

3. Uses of Fossils

Fossils, as Dr. Joseph Leidy many years ago quaintly said of
the Protozoa, are chiefly useful as ““food for the intelleet.” Among
the various intellectual uses to which fossils are put, not the least
1s that of ‘‘faith testers,” so ealled by good people, alarmed at
the silent evidenee thus presented of the great antiquity of the
earth, which they had been taught to believe was recently created.
To the scientist these “medallions of creation” show first of all,
something of the racial history of animals and plants. In the
absence of direct evidence, the past history of most animals and
plants must remain largely a matter of conjecture, but there are
some modern animals whose ancestral modifications are written
very legibly in the fossils that have been found. For example,
the horse has a well-established family tree extending backward
without serious gaps for at least three million years, to the little
five-toed ancestor, Eohippus, of the Eocene Formation. The
actual fossil evidence for this remarkable pedigree may be seen
by any wvisitor at the American Museum of Natural History in
New York City, or at the Peabody Museum of Yale University
at New Haven (Fig. 78).

Fossils are useful in the second place as indicators of past cli-
matic conditions. The discovery of fossil palms in Wyoming,
of breadfruit in California, of ferns in Greenland, of reindeer in
France, and of musk oxen in Kentucky, for instance, record the
indisputable fact that profound changes in elimatie conditions
have occurred in all these places in the past.

Fossils serve also as measures of geologic time. Just as the date
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upon a corner stone indicates the period when a building was
- erected, so the presence of certain types of fossils in a particular
stratum of sedimentary rock, indicates the approximate time
when those rocks were laid down. Or, to state the value of time

SMALL 4:TOCOD HORSES | SMALL 3-TOCD| LARGE 3-ToOED | LARGE. 1-TOED

AGE OF MAMMALS AGE OF MAN

EOCENE EPOCH | oucacene | MioccEME PuncenE[PUbsTocEnc[RICENT
EQUUS { North and South Amenca, #i-s'a. Europe and |[ Bfrica) ﬁ
HIPPARION | (North America, Asia, Europe and North Africa)
ONOHIPPIDIUM| {Eveulll America) , c—
HIPRIDIUM {South J’lu.mtri:.a.} /_
PLIOHIPPUS (Morth Amer'lca.‘p
PROTOHIPPUS (Horth America %
MERYCHIPPUS [Morlh America) ﬂ

PARAHIPPUS (North America)
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|
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E T
Fic. 78.—The evolution of the modern horse, Equus. (After Matthew.)
measure by a further comparison, just as the character [ instead
of s on a page of an old book measures the limits of its publication
by the date 1800, about which time the character s came into
general use, so the presence of a time-fixing fossil on a geologic
page measures the limits of its formation.

4, Kinds of Fossils

The following elassification of the different kinds of fossils is
modified from that given by Professor R. M. Field.!

I. Those furnishing direct evidence:

1. Actual remains, such as inseets in amber, mammoths in ice, or
shark’s teeth.

2. Minute replacements, replacement molecule by molecule of the
original organic matter by mineral salts, resulting in pefri-
Jaction, which may or may not show structure.

3. Coarse replacements, molds and casts of exterior or interior
structures.

4. Prints, of leaves, jellyfish, ete.

I Bedence, June 25, 1920,
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II. Those furnishing indirect evidence:
1. Coprolites, that is, solidified exereta, or casts of same.
2. Artifacts, such as ant hills, or prehistorie flints.
3. Tracks, trails, and burrows.

III. SOURCES OF IMPERFECTION IN THE
GEOLOGIC RECORD

The absence of suitable eonditions for fossilization which sur-
round the passing of the vast majority of animals and plants,
and the inaeceessibility of most of the fossils that actually suceceed
in being formed, make the task of the palontologist a particularly
difficult one. The pages of the great stone book eannot be shuf-
fled over in order to read the story contained therein, because
they are stuck firmly together. The fossil writing 15 quite in-
accessible except as luecky chanee reveals enticing fragments of it,
as when slow erosion bevels down the margin of the page, exposing
thus some few organie syllables, or when, by the puny engineer-
ing feats of man the surface of the earth is somewhere seratched
open, accidentally uncovering some of its buried treasures.

In many instances the natural sequence in rock formation has
been confused so that the student finds the pages of his book
misplaced, by distortion or folding as in mountain formation.
The more recent strata sometimes even come to lie beneath the
older ones. The irregular and fragmentary character of the
fossiliferous strata thus greatly inereases the difficulties that
confront the student who would correctly read the story of the
past. Moreover, sedimentary roeks of the earth’s erust containing
fossils are not arranged in continuous strata that envelop the
entire globe with regularity like the layvers of an onion, but they
form in patches of unequal thickness and extent according to
the distribution of the water areas at the time of their deposition.

Furthermore, there is no doubt that the earlier records of
life in the form of fossils have in many cases been entirely ob-
literated by the action of heat and pressure during the metamor-
phosis of rocks into such forms as gneiss and granite, while fossils
that are buried in sedimentary rocks of the ocean floor are “forever
hidden from hammer and mind.”

According to the Bureau of Mines, Department of the Interior,!
the deepest hole that man has ever made in the undisturbed

L Setence, N. 8., LX. No. 1541.
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fossil-bearing epidermis of the earth, is in West Virginia, where
it was bored to a depth of 7,579 feet in search of natural gas.
The deepest mine in the world, a vertical depth of 6,726 feet, is
the St. John del Rey mine in Brazil, while the “ Village Deep”
workings of the gold mines of Transvaal, South Africa, take
second rank, extending to a depth of 6,263 feet. In the United
States the deepest mine workings are those of the Calumet and
Hecla Consolidated on the Keeweenaw Peninsula, Michigan,
5,990 feet below the surface. This represents the nearest approach
man has ever made to the center of the earth, a distance only 4,600
feet below sea level. These extraordinary depths of a little over
a mile, however, when compared with the total diameter of the
earth (nearly 8,000 miles) or even with the known thickness of sedi-
mentary fossiliferous roeks are so insignificant that it is doubtiul
if it eould 1 any way be graphieally represented to scale on a
four-foot globe. David Starr Jordan has truly said that the case
of the palaontologist is mueh like that of a traveler who, landing
for five minutes on some remote corner of Australia, forthwith
attempts a deseription of the entire continent. The wonder is not
that so little is known of the fossil record of animals and plants,
but that, in the face of so many difficulties, so complete and con-
nected a story of ancient life has been unearthed.

IV. A GEOLOGIC TIME SCALE

The fragment of eternity that comes within the vision of the
geologist has been divided into unequal eras of time, beginning
after the earth had cooled down enough to be clothed with an
atmosphere and to have its surface diversified into areas of land
and water. The sueceeding eras are measured by the time taken
to form stratified rocks through the disintegration and erosion of
the original fire-fused rocks, and the subsequent rearrangement of
their component particles as sediment under water. Such sedi-
mentary rocks afford sanetuary to organic remains and form
the happy hunting ground of palzontologists. These eras, from
ancient to modern are:—ARCH.EO0ZOIC, PROTEROZOIC, PALEOZOIC,
MEs0ZoIC, and cENOzoIC.

The Archaeozoic Era is characterized principally by igneous and
metamorphosed rocks without proved fossils, although traces of
graphite indicate that plant life must have been already in exist-
ence. The fiery furnace that fashioned the Archmozoic rocks,
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however, was no suitable place for the preservation of whatever
organic remains existed in those formative days.

The Proterozoic Era saw the slow rise of the lower plants and
most of the main general types of invertebrate animals. Together
with the Archmozoie Era, according to Professor Schuchert, it
constitutes over one half of the total column of known sedimentary
rocks, which reaches a maximum thickness of 114 miles in North
America, although he qualifies this statement by saying, “In no
one place, however, can be seen more than a small part of this
record, for usually the loecal thickness is under one mile, though
there are limited regions where as much as twenty miles of it is
present.”’

The Palzozoic Era has been called the “Age of Fishes’ because
these animals became dominant during this time. The aetual
interval which elapsed in the Paleozoie Era has been estimated
by Dr. Waleott as 17,000,000 years, surely sufficient for many
dynasties of plants and animals to have had their day.

A Georogic Time Scare (Schuchert)

Era | :{fH?;F PERIOD CHARACTERISTIC FEATURES
Tivme
= Quarternary Last great ice age.
‘enozoice 4.4 Tertiary Transformation of apes into man.
i Rize of higher m: ammals.
£ , Cretaceous “Rise of archaic or primitive mammals.
‘Commanchian | Rise of flowering plants and higher
Mesozoic 13 .4 insects.
Jurassie Rise of birds and flving reptile 8.
Triassic Rise of dinosaurs,
Permian “Rise of reptiles. Another r great ice age.
-P;.nns}'lvn.nfam Rise of insects. Marked coal aceumu-
lation.
Mississippian | Rise of marine fishes.
Palsozoic 27 .8 Devanian First known umilhlhhmh I,
Silurian First known land floras.
Ordovician " First known fresh-water fishes.
Cambrian Abundance of marine -uunm]:-;, and
I dmmrmn:*t, nf trilobites.
Proterozoic 15.0 1 An early and late ice age,
Archmozoie | 39.4 ! Origin of protoplasm and of sunplw-:t
life.
100. % :
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Following the Palwozoic, the Mesozoic Fra witnessed the
“(Golden Age of the Reptiles,” some 7,000,000 vears according
to Walcott; and finally the Cenozoic Era, or “Age of Mammals,”
probably representing a little more than 3,000,000 years.

The most recent episode in all this great moving spectacle {if
earth transformation is human history extending over a few thou-
sand years at the outside, which, in comparison with the stretches
of time under consideration, is but the thinnest surface film on
the face of an abyssal ocean.

The table on page 95 gives a geologic time scale, with the
periods in which the various eras are subdivided in America,
and a hint of the characteristic organisms that flourished in each
of these hypothetical divisions of time.

V. PICTET’S PALAEONTOLOGICAL LAWS

A summary of some of the more important conclusions which
result from a study of fossils is embodied in six “laws™ adapted
from Traité élémentaire de palzontologie by Jules Frangois Pictet
(1809-1872), as follows:

1. All stratified rocks may contain fossils, therefore, life has been
present on the earth for a very long time.

2. The oldest strata contain extinet species and largely extinet
genera, while more recent strata contain forms like the liv-
ing, therefore, the deeper the stratum the more divergent are
the forms found therein from those now living.

3. Different fossil faunas and floras follow each other in the same
sequence everywhere, and layers nearest -together strati-
graphically contain forms most alike, therefore, fossils show
the evolution of forms one from another on the earth.

4. Constant change is the inevitable law of life. Species char-
acteristic of one level or time are partly or completely re-
placed later by other species, therefore, species are not per-
manent or unchanging but are constantly g;ra'.e:eiu.g way to modified
forms that are presumably better qualified to occupy their place
in nature.

5. Species, as well as individuals, pass regularly through a eyele,
including infaney, }mlth llﬂtllllt\ and senility, therefore,
many groups of organisms have died out entirely, hm:m{,r COMm-
pleted their eycle, for example, graptolites, trilobites, and am-
monites.
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6. The approximate age of any stratum may be determined by
the degree of similarity of its fossils to living forms. Similar
fossils in different regions are indications of geologic strata
of contemporaneous formation, therefore, fossils serve to
determine the age of the rocks in which they are found,




CHAPTER V
THE ANCIENT HISTORY OF MAN (ANTHROPOLOGY)
I. THE IDEA OF ANTIQUITY

One of the famous riddles that perennially charms and ehallenges
us, is the origin of mankind upon this earth, for the farther back
we go the more vague is our knowledge about man. As a matter
of fact it would be mueh easier to consider the iniquity of man
than his antiquity, for then we would find abundant material at
hand for our discourse. The subject of the antiquity of man must
always remain more or less shrouded in mystery. The reality of
human antiquity, however, even in the absence of specific details,
is beyond question, as may be pointed out by an individual il-
Iustration.

The writer was born sometime in the nineteenth century. In
the eyes of the children of the twentieth century he must seem
quite old. He ean even remember when there was not a single auto-
mobile in existence. He has lived through the entire Golden Age of
the bicyele and participated in its rise and fall. He reecalls when
there was no radio, no telephone, no phonograph, no eleetrie lights,
no typewriters, no motion pictures, and when the Darius Green
and his Flying Machine, of John T. Trowbridge, represented the
final word in aviation. He remembers his grandparents as very
old people, associated with ox teams and candle-light, for they
were babes in arms when the War of 1812 was being fought.
Their grandparents in turn lived before the Revolutionary War
and even traditions about them are now vague and hazy. DBeyvond
them there must have been others, but they lived so long ago
that the present day has entirely lost sight of them.

It 1s quite possible, however, after the personal ancestral thread
thus vanishes in the distant past, to resort to the pages of history
and to push back in imagination to such hoary landmarks of time
as the discovery of America, the Norman Invasion, the dramatic
beginning of the Christian Kra, and even beyond these milestones
to remote semi-mythical days when the Ten Thousand beat

08
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their famous retreat, or the Children of Israel passed dry-shod
through the Red Sea, or when Tutankhamen was living flesh
instead of a fashionable mummy.

But the palmontologist laughs in his sleeve at anyone who
pauses to consider such contemporary events, while the astronomer
in turn, dreaming of the majestic march of worlds other than ours,
pities the palxontologist who is content to think about such
slight fragments of time as geologic ages. How far back into the
shadowy past can the flickering toreh of humanity be traced?
What are the facts about the antiquity of man? Was there ever
a time so remote that man was not man but something else?
The sciences of Anthropology and Prehistoric Archaology are con-
cerned with questions such as these.

II. TRADITION AND EVIDENCE

Various traditions of human origins are a part of the folklore
of every racial stock. The most familiar of these traditions is
probably that of Adam and Eve, in which man is created “of
the dust of the ground.” Another elassical legend of the inorganie
origin of man is that of Deucalion and Pyrrha who, at the sug-
gestion of Jupiter, peopled the earth by simply throwing stones
over their shoulders, the stones beecoming men or women according
to which one of the celestial pair did the throwing. If these
wonder workers had chanced upon a typical glacial hillside of
New England, instead of the summit of Mount Parnassus, no
doubt the overpopulation problem would be much more acute
than it is today. The Greek and Roman. classies are full of tales
of dryads born of trees, and of Galateas coming to life from ecold
marble or lifeless ivory. Such stories and traditions, however,
are in no sense evidences of the aectual origin and antiquity of
mankind upon the earth. These evidenees must be sought for
in less romantic historical records and indireet testimony of
various kinds from other sources.

In America historical records of man practically date from the
conquest by the whites only a few centuries ago, although there
are strange architectural remains in Mexico, Central Ameriea,
and Peru, that mark the presence of earlier, but highly advanced
civilizations, now vanished. In Europe man was in a condition
of unrecorded savagery long after he had attained a high degree
of development elsewhere, Recorded human history goes back
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with undoubted assurance only about 5,000 yvears and then, in
Fgypt and Mesopotamia, continues with halting steps for per-
haps 2,000 vears more, after which the historical record fades
and it becomes necessary, in tracing the antiquity eof man, to
resort to the unwritten evidences of prehistory.

The prehistoric evidences of human antiquity may be grouped
into five categories, as follows:

(1) Indireet evidence from the length of time during which the
earth has been habitable by man.

(2) Indirect evidence from the amount of time which must have
elapsed in order to allow mankind to reach its present degree
of development.

(3) Direet evidenece from various discoveries of actual prehistorie
human bhones. :

(4) Indirect evidence from telltale fragments of extinet animals
found associated with human remains.

(5) Direct evidence from the enduring handiwork of man.

Some brief explanation and claboration of these different lines
of evidence i1s necessary to make their content clear.

III. THE: HABITABLE EARTH

Astronomers, physicists, and geologists all testify to an un-
thinkably remote period of time since the stage has been set for
human life upon this earth. It does not necessarily follow that
man appeared as soon as the earth was ready for human occupancy,
but this testimony does remove any objections to the antiquity
of man on the score of possible geological unpreparedness with
regard to his abiding place.

Professor Rutherford, from ecaleulations of the rate of radio-
active transformations, estimates the earth as at least 240,000,000
vears old, while Lord Kelvin, reckoning the rate of heat loss from
the earth, makes its age as between 20,000,000 and 400,000,000
yvears. Professor Sollas finds 80,000,000 years none too much to
have accomplished the known weathering of the rocks and their
deposition as sedimentary strata, while the same length of time
has been independently computed as neeessary to allow for the
leaching out of the earth’s erust enough to make the oceans as
salty as they are today. The diserepancies which appear in these
dizzying time estimates of various experts, who have thus con-
tributed to the problem of the age of the habitable earth, may be
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disregarded as irrelevant, since they all agree in furnishing a
cradle for humanity that is an unquestionable antique.

IV. THE TIME REQUIRED

Anatomically the human body is an “old curiosity shop’ of parts
that are present in varving degrees of perfection. There is every
indication that the proeess of adaptation is still going on, and
that the human body as we sce it today 1s the result of repeated
changes that have taken place in the past. There is no part or
structure of a human being which 15 not foreshadowed in the
lower animals. The tracing out of resemblances and sequences
in structure and organization between different animals and
man, is the particular provinee of Comparative Anatomy, and the
facts that constitute the working basis of this seience furnish
undeniable evidence bearing upon the antiquity of man. Just as
the modern oeean liner, with its luxurious appointments and
efficient, intricate machinery, implies vears of invention and
experimentation with preliminary boats of a lesser order of elabora-
tion, so the four-chambered heart, larynx, or brain of man, to
anyone who knows intimately about the detail and complexity
of these organs, tells a long story of preparatory variation and
adaptation that must have required an enormous length of time
for its accomplishment.

The science of Chorology, or the geographical distribution of
animals and plants over the face of the earth, furnishes abundant
evidence of the antiquity of man of an undeniable kind. The
spread of human beings to the uttermost corners of the earth,
which we recognize as an accomplished faect, could never have
occurred by any series of sucecessive migrations without involving
considerable lapses of time.

Two other sciences, Ethnology and Philology, also bespeak the
necessity of an extended period of past time for the existence of
man, in order to account for present results.

Ethnology deals with various races of man, and with his eustoms
and institutions, while philology is concerned with human lan-
guage and its evolution. In both these fields humankind has
attained a high degree of specialization which, when one attempts
to disentangle the various steps that must have preceded it,
takes one back so far that there ean be no doubt about the great
antiquity of man. The evidenee of ancient monuments and of
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history all goes to prove that the great race divisions of mankind
are of no recent growth, but were already settled long before the
beginning of the historie period.

As for language, each of the branches of the so-called Aryan
group of primitive languages, Persian, Indian, Semitic, Romance,
Hellenie, Slavonie, Teutonic, and Keltie, has its roots buried in
antiquity. The Hebrew and Arabie, for example, are both ancient
and neither the original of the other, but both are derived from
some ancestral source.

V. HUMAN FOSSILS

The actual bones of prehistoric man furnish, of course, the
best direet evidence of human antiquity, but, unfortunately, they
are very searce. This is in part due to the arboreal life which
early man lived, rendering dead bodies likely to be devoured on
the spot or subjeet to immediate decay. Moreover, a large part
of the earth, including many localities where human remains
might have been overwhelmed and fossilized, has not as yet been
thoroughly explored by competent secientists. The eminent
Freneh paleontologist, Cuvier, as late as 1852, pronounced the
famous dictum, backed by his extensive knowledge, * L’homme
Jossile n'existe pas.” All the supposed discoveries of prehistoric
remains up to that time had been shown to be of eomparatively
recent origin or not human at all. One oft cited ease is that of
Scheuchzer, who found and deseribed in 1732 a “fossil man” to
which he gave the name of Homo diluvii testis, or “‘man, witness
of the flood,” and upon which he piously commented as follows:
“Rare relic of the accursed race of the primitive world. Mel-
ancholy skeleton of an old sinner preserved to convert the hearts
of modern reprobates!” This turned out, however, to be not a
human skeleton at all but the bones of a giant salamander.

In 1856, about the same time when Darwin’s Origin of Species
(1859) appeared, throwing both the seientific and the theologieal
worlds into intelleetual convulsions, the famous Neanderthal Man
came to light. This is an incomplete human skeleton unearthed
by workmen in a detritus-filled cavern high up on the precipitous
side of a ravine about sixty feet above a stream and a hundred
feet. below the top of a eliff near Diisseldorf, Germany. With the
skeleton was found, embedded in hard loam, the bones of animals
long extinet, the eave bear, mammoth, eave hyena, woolly rhinoe-
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eros, and others, and the superimposed detritus covered over by
strata of undisturbed sedimentary rock, put the seal of unquestion-
able antiquity upon the time when the Neanderthal Man lived.
The bones themselves, which have undergone more expert serutiny
than perhaps any other set of bones, indicate a burly, squat, bow-
legged individual with a thick skull, projecting brows, low re-
treating forehead, and receding chin, characteristies distinetly
different from those of modern man. That the Neanderthal
Man was not a unique prehistorie hermit has been unquestionably
demonstrated by the discovery, during the past half century
in various localities in Europe of at least a score of individuals
represented by bony fragments of one kind and another, all
agreeing essentially with the original find. The existence of a
race of human beings, Homo neanderthalensis, unhke modern
man, or Homeo sapiens, 1s now no more in doubt than the existence
of ancient Egyptians.

Human bones, however old, showing signs of burial by man
probably nearly all fall within the period of historie time and do not
enter into the present inquiry, but there are at least three other
kinds of human beings known to seienee between the Neanderthal
race and modern man, which have left definite skeletal traces of
themselves behind. They are the Grimaldi, Cro-Magnon, and
Aurignacian types.

The Grimaldi are represented by two skeletons, a woman and
a young boy, found in 1906 in a cave at Mentone, southern Franee,
together with a snail-shell necklace and bracelets. They are
negroid in character with narrow skulls, projecting cheek bones,
and prognathous jaws, but, according to the testimony of experts,
anatomically unlike any other known human beings before or
since.

The Cro-Magnon race, or the reindeer hunters, lived about
25,000 or 30,000 years ago near the close of the last Iee Age. They
were tall, finely built specimens of humanity, with large skulls.
They not only left some of their bones behind but also mural
decorations, for they were primitive artists of considerable skill,
as the “ painted grottoes,” to be mentioned directly, attest.

The Aurignacians were likewise mighty hunters, prineipally of
wild horses, as well as grotto decorators of no mean ability, like
the Cro-Magnons. They were seattered over what is now Europe
somewhat before the time of the Cro-Magnons., In the Rhone
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Vallev, for instance, at Solutré near Lyons, is an area of five or
six aeres where the bones of extinet horses, reindeer, and mam-
moths have been found, in places to the thickness of several
feet, along with the remains of Aurignacian hunters and their
flint weapons.

Anthropologists seem to agree that these several types of pre-
historic men are not direet descendants of the Neanderthalers,
but probably migrated into Europe from some other regions of
the globe where their forebears had been working out their slow
salvation from lowly origins. It is, moreover, not at all certain
that Homo neanderthalensis, or either of the subsequent types just
mentioned are the direet ancestors of Home sapiens of today who
goes back through historic times as far as the shadow of the last
great Iee Age.

It is estimated by Osborn that the Neanderthal race, *“ contented
to live 50,000 years in caves,” flourished from 30,000 to 100,000
yvears ago. There are, however, at least two famous witnesses
of human antiquity that antedate the Neanderthalers. They
are the “Dawn Man,” Foanthropus dawsont, probably of the
Third Interglacial Stage, about 150,000 vears ago, and Homo
heidelbergensis of the Second Interglacial Stage, perhaps 250,000
vears ago, well back towards the beginnings of the Pleistocene
Period of geological chronology.

The FEoanthropus skull fragments, pronounced by G. F. Scott
Elliot as “perhaps the most fortunate discovery of all yet made,”
were found by Dawson in 1911 at Piltdown Common near Sussex,
England. With them were flint tools of extremely primitive
character and certain animal remains, like the teeth of the hippo-
potamus, horse, and ancestral beaver, together with fragments of
two kinds of extinet elephants that flourished in the early Pleisto-
cene, or even Pliocene times. The anatomical evidence, particu-
larly that furnished by the lower jaw, shows the Piltdowner to
have been more apelike than the Neanderthalers, and certainly
distinet from Homo sapiens. The skull is probably that of a
female, who, according to Professor (i. Elliott Smith, was pos-
sessed of the power of speech, ““just like woman of today. ” The
belief has been expressed that Feanthropus represents the ancestral
line of the Aurignacian race, but in spite of a crowded ten-foot
shelf of learned papers upon the subjeet, mueh uncertainty about
the ancient woman of Piltdown still exists.
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There is less controversy in fixing the degree of antiquity of
Homo heidelbergensis. This race is represented by only a lower
jaw, found by Schoetensack in 1907
buried in a gravel pit near the
mouth of the Neckar River Valley,
not far from Heidelberg, Germany,
under conditions that proelaim it
to be unmistakably the oldest
known authentic human fossil = ™™= : .

(Fig. 79). Over seventy-nine feet ' 'j % uting oL ihe fellebere
of undisturbed sand and sedi- chimpanzee and man. (After
mentary rock had been slowly Saiey

deposited upon this interesting ancestor, and subsequently, by
the slow eroding action of the Neckar River, worn away in the
formation of the Neckar Valley, before this famous human frag-
ment was eventually exposed to modern view (Iig. 80). The jaw
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Fic. 80.—Diagram of the sand pit where the Heidelberg jaw was discovered.
a-b, layver of “Newer Loess'; b-d, “Older Loess"; e—d, Mauer sands; e,
clay. The cross indicates the spot under seventy-nine feet of undisturbed
strata where the fossil jaw was found. (After Schoetensack, in Osborn’s
Men of the Old Stone Age. Charles Seribner’s Sons.)
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is heavy, massive, and chinless.  An apelike genial pit and charac-
teristic encroachment of bone upon the floor of the mouth, together
with the broad ramus that is peculiar to the lower primates, are
present, but the teeth are comparatively small and have the
shortened roots and dilated erowns which distinguish human

Fia. 51.—Gabriel Max's famous imaginary conception of a Pithecanthropus
family group. (From heliograph copy by Meisenbach, Riffarth & Co.)

teeth from those of lower animals. With the discovery of the
Heidelberg jaw, the skeletal evidence of the antiquity of man is
pushed back something like a quarter of a million of years to the
early part of the Pleistocene Period.

VI. BONES OF CONTENTION

The fossils considered in the preceding paragraph are conceded
to be evidently human, although the older the fossil, the more it
resembles the apes. But what lies back of primitive man? Who



THE ANCIENT HISTORY OF MAN

were Adam’s ancestors?
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All the evidence from anthropology

leads one to postulate fore-runners of mankind that were not

human.

The German zoologist, Haeckel, was so confident that such a

kind of beings once lived
Pithecanthropus (ape-man),
to the unknown, and
prophesied its future dis-
covery. Haeckel's concep-
tion of an ape-man so fired
the imagination of the
artist, Gabriel Max, that
the latter produced a fa-
mous painting of a Pithe-
canthropus family group
which is reproduced in
‘ig. 81. Of course this pic-
ture is wholly imaginary
and unscientific in being
entirely without any basis
of direet evidence. In
1891, however, Professor
Dubois, then an officer in
the Duteh army stationed
in Java, found fossil re-

that m 1866 he assigned the name,

h‘r'i

E‘-;- i;u 1.5--#" l?'u

T R
Fu L]
Fia. 82 —Diagrammatic cross section 1hmu;,h
the fossiliferous strata in Java where the

Pithecanthropus bones were found. A, sur-
face soil; B, undisturbed sandstone;
voleanic layer; D, level of the Pithecanthro-
pus bones and of various extinet Tertiary
animals. (After Dubois.)

mains on one of the banks of the Bengawin River near Trinil,

that fulfilled Haeckel’s expectation.

Fia.
skull capacity of various pri-

83.—A comparison of the

mates. (After Boule.)

These remains were a skull-
cap, or calvarium, and a molar tooth
to which later were added, from the
same locality, a left thigh bone and
two other teeth, together with a frag-
ment of the lower jaw that has not yet
been technically deseribed in detail.
Companion bones that filled four hun-
dred boxes were unearthed with these
celebrated relics and brought back to
Holland, including bones of the extinet

proboscidian, Stenodon, the ungulate Leptobos, Hyana, Hippopota-
mus, and Giant Pangolin, no longer inhabitants of that part of the
world, as well as tapirs, now found only in South Ameriea, on the
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other side of the globe.  Altogether twentv-four species of Tertiary
(Pliocene) animals, under forty-five feet of undisturbed stratified
deposits have been identified among these remains, fixing the time
when this ereature lived as approximately 500,000 years ago (Fig.
82). The fragments of Pithecanthropus were recovered some

ANCESTRAL TREE OF THE ANTHROPOID APES AND MAN (Osborn)

Existing apes GibLon Man Chimpanzes Gorilla Orang
and man { Asia ) { Homo sapiens) {Africa ) (Africa) i Asia)
A

| Gro-Magnoen
L Aurignacian
| Grimaldi

FLEISTOCENE
| Meanderthal
| Piltaown
|_Heidelberg

Macaques
(Europe )
Fithecanthropus
Primitive Ancestral
Gibbon Anthropoids of fAsia
( Pliohylebates )
TS Macagques
PLIOGENE (Europe & Asia )
Unknown Fliocene Ancestors of Man A
Earliest Gibbons l"‘rir:!ili-m
{ Fliopithecus ) Anthropoids
MIOCENE \ /_ﬂiii& Eliea )
Al:cnsl:alf
.I.nlhrupu-uls
Eqrypt Emall Monkeys

OLIGOCENE fFruulmwthr:us] __)_J_‘__,_r—-"" Egypt)
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twenty yards apart, thus disproving any likelihood of intrusive
burial. The thick skull, which shows heavy projecting supra-
orbital ridges, has a capacity of not far from 900 ecubic centi-
meters (Fig. 83). That of the largest ape is only about 600 cu.
em., while that of modern man fluctuates between 1250 and
2,000, with an average of perhaps 1,450.

It is probably incorreet to regard Pithecanthropus as living
strictly up to its name, “ape-man,” and forming a “connecting
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link " between the apes and man, for both apes and man no doubt
go back in converging ancestral pathways to some unknown
humbler origin common to each. Apes and monkeys are, in all
probability, not the fore-runners of mankind, but side lines off the
highway of human derivation. Klaatsch, who speaks from a
profound knowledge of comparative anatomy, deseribes apes as
“unsuccessful attempts to compass the road to mankind from
prehuman stoek.” 1t is quite as likely, therefore, that apes are
deseended from man, as that man is descended from the apes.
Young apes, in fact, resemble human beings very much more
than do the adults, for as they grow older the more apelike and
the less human they become, and fossil apes of the Miocene
and Pliocene are more like man than their living descendants
today. Probably this evolution in the lifetime of the individual
ape pictures ronghly the long transformation that has been wrought
in the slow procession of species.  Although it may be unwarranted
to link apes and man in lineal relationship, the convietion must
remain that in Pithecanthropus we have the only bridge at present
known which joins man direetly with his non-human ancestors,

The table on page 108 is an attempt to indicate the probable
relationships of the better known primates and their distribution
in time.

VII. TELLTALE FOSSILS OF EXTINCT FORM

Prehistorie man, like his historie followers, 18 known by the
company that he keeps. As already indieated his bones have
been found together with the bones of fearsome beasts long extinet
or strangely different from the animals that now inhabit the
same parts. The hairy mammoth, Elephas primigenius, and the
mastodon, Elephas antiquus, as well as proboseidians older yet,
Elephas meridionalis and FElephas merchkt, were econspicuously
present. At Predmost in Moravia there is a hill of “leess forma-
tion,” made up of peculiar accumulations of clay, containing
g0 many mammoth bones that it has been profitably mined as a
source for fertilizer. From this locality alone over 2,000 of the
gigantic compound cheek teeth of mammoths have been taken.

Other ancient contemporaries of man were the huge Rhinoceros
elruscus and its woolly relative, Rhinoceros tichorinus, the cave
hyena, Hyzna spelza, the cave lion, Felis spelzus, and the cave
bear, Ursus spelzeus, perhaps the fore-runner of the grizzly. The
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abundant bones of wild horses, wild boars, and reindeer all over
that part of Europe where most of the fossil remains of man have
been found, are elogquent witnesses of an ancient régime when
man lived in a different world than that of today. In southern
France alone there were eighteen species of animals which were
formerly abundant but have now migrated to climes more con-
venial to them. Of these, thirteen, like the reindeer, have gone
north, and five, like the chamois and mountain goat, have re-
treated to cool mountains.

VIII. ARCHAZEOLOGICAL CHRONOMETERS

In some instances the handiwork of man has endured for a
longer time than his actual bones. This is particularly true of
the “indestruetible flint”’ tools and weapons which he fashioned.
The more important evidences that come from the field of Pre-
historic Archzology may be summarized under the following
headings: kitechen middens; pile dwellings; painted grottoes;
monuments of various kinds; and fashioned flints.

1. Kitchen Middens

Kitechen middens are ancient garbage dumps where prehistorie
men congregated and feasted. They were first deseribed from
Denmark by Thomsen, in 1836, and have since been found in
other localities as widely separated as Japan, Spain, Brazil,
California, Oregon, Maine, British Columbia, the Aleutian Islands,
Terra del Fuego, the north coast of Africa, and the shores of the
Baltic Sea. They consist principally of enormous masses of shells
that could not have been collected together by any natural agency,
and they usually occur near the seashore, or where the seashore
once was, because there primitive man had easy acecess to his
shellfish food supply.

Mingled with shellfish remains are significant archweological
treasures of various kinds,—teeth, seales, bones of animals eaten,
fragments of erude pottery, anvil stones, hammers, implements,
and ornaments of different sorts made out of stone, horn, ob-
sicdhan, and flint, while pieces of burnt wood and flat stones
blackened with fire, indicate, even to an amateur archmological
Sherlock Holmes, the use of fire by the people who left these ex-
tensive piles of refuse.

Some of the shell heaps, as those on the coast of Maine, for




THE ANCIENT HISTORY OF MAN 111

example, do not bear the earmarks of great antiquity, but prob-
ably date back simply to pre-colonial Indian days. Other kitchen
middens, however, as those of the Baltic region, contain internal
evidence of great age, for they consist largely of shells of salt-
water molluses which eannot grow in brackish or fresh waters
that characterize the Baltic Sea today, but must have flourished
long ago when there was an open communication between the
Baltic and the salt ocean.

2. Pile Dwellings

The Greek historian Herodotus gives a detailed account of
Thracian aborigines who dwelt in rude huts built upon piles out
-in the waters of Lake Prasias in the land that is modern Rumelia.
The most interesting exponents, however, of this style of semi-
aquatic architecture are the still older lake dwellers who lived
and died perhaps some 6,000 years B.c., just beyond the outer
halo of history. They represent a primitive type of vanished
civilization that ecame to flower particularly in the general region
centering in Switzerland where they erected their pile dwellings
along the margins of the numerous Alpine lakes.

Since a vear of great drouth and low water in 1854, when the
submerged ruins of some of these curious pile dwellings came to
light in Lake Zurich, a large number of the sunken remains of
pile-built settlements have been <isecovered, and from the mud
around a great number and variety of reliecs have been re-
covered, that make possible a fairly complete picture of the
kind of life which these ancient lake dwellers lived (Fig. 84).
The sites of over 200 of these prehistorie villages have now been
located in the Swiss lakes alone.,

The pile dwellers represent a decided advance over the pre-
carious, nomadic life of the cave dwellers who preceded them,
Building thus together upon piles over the water enabled them to
establish a haven of comparative safety from the assaults of
hostile marauders and ferocious beasts, and furnished the security
and leisure necessary in making initial steps in invention, and the
arts of peace and organized warfare.

Moreover, living over the water doubtless insured some degree
of primitive sanitation unknown, or at least unlikely, among those
who pitched their camps in caves and forests upon land, for con-
sequences following in the wake of sanitary carelessness must have
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been quite as inevitable then as in these latter days when the
bacteria of disease have been discovered and named by man.

In the Antiquarisches Musewm in Zurich is a particularly note-
worthy collection of the prehistoriec handiwork of the vanished

pile dwellers.

3. Painted Grottoes

About the time of the reindeer occupation of what is now France
and Northern Spain, there flourished a remarkable period of pre-
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Fia. 84.—Reconstructed Lake Dwellings. (From Tyler's New Stone Age in
Narthern Europe. Chas. Scribner's Sons.)

historie art, represented chiefly by erude drawings and paintings
upon the protected walls and eceilings of eaverns.

Although these treasures were first discovered and made known
within the memory of persons now living, there already have
been eatalogued from these troglodytic art galleries nearly 3,000
different pictures. In the Dordogne region of France, for example,
one cavern alone, the “Combarelles,” is a wveritable prehistorie
Louvre, containing 109 wall pietures, which cover an area of over
2,000 square feet. The pictures are mostly outlines of animals,—
bison, reindeer, mammoths, wild horses and others, that were
contemporary in Europe with the cave-dwelling, flint-using folk

who drew them, and usually they are well enough done to be un-
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mistakable. The most ancient of them, apparently the work of
the Aurignacian hunters, are bare outlines, roughly ﬂugrﬁvnd on
the cavern walls by means of flint tools, and probably in the light
of flickering torches. However, the best of these old animal
pictures, as well as the majority of them, were evidently made
later by the Cro-Magnon people, and are for the most part flat
surfaces chipped into the solid rock and colored with wvarious
substances sueh as chalk, chareoal, red and yvellow ochre, or other
mineral pigments. The famous polychrome frescoes of the Al-
timira caverns in Spain, which would be a credit to artists of a
much later time, mark the highest point of exeellence. The fact
that the most recent cave drawings were considerably inferior
in their execution to the earlier ones, indicates that the ability
for artistic expression was an inborn characteristic of the Aurig-
nacians and Cro-Magnons, which faded with the passing of these
prehistoric hunters.

The approximate age of the painted grottoes is determined by
the kind of bones and flint implements found in the rubbish that
filled the eaverns, in this way protecting the pictures from exposure
and destruction, and by certain other timemarks, such as paint-
ings of different dates superimposed one above the other. All
in all, these early attempts at artistic expression are direct evi-
dences of the great antiquity of man, for only man, of all crea-
tures, could have left such signs of the times.

4, Monuments

The ancient Egyptians who built pyramids, sphinxes, and
obelisks in the attempt to outwit the devastating tooth of time,
were not, the first of mankind who desired to leave some enduring
memorial of themselves for suecceeding generations to see.  Pre-
history, as well as written history, bears witness to the same
human desire for impressing posterity. This desire has found
expression either in the form of large stones, megaliths, arranged
and set up in various unnatural ways, or in the form of mounds
or earthworks of unmistakable human workmanship.

Large columnar stones set up on end are called menhirs. Of
these over 700 have been located in Brittany alone. Primitive
man must have exercised a good deal of engineering skill, probably
by digging pits, building temporary inelined planes, and using
pulleys of some sort, in order to jockey these huge stones into
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position. Their size and shape precludes their present placement
by any natural ageney.

Frequently menhirs were set up in parallel rows, termed align-
ments, or In circular arrangement, designated as cromlechs. A
flat stone resting upon two uprights is ealled a ¢rilith but when
several uprights support a top stone, like a rude table or altar,
the structure is called a dolmen. Nearly 5,000 dolmens have been
found in Franee, while in England at Stonehenge and at Avebury
there are two very famous and much deseribed collections of

Fic. 85.—Two prehistoric Easter Island statues. (After Mrs. Scoresby
Routledge, in the National Geographic Magazine for December 1921.)

megaliths, arranged as alienments, eromlechs, dolmens, and single
menhirs. The colleetion of megaliths at Avebury i1s more extensive
than that at Stonchenge, but it is not as well preserved because
the stones were largely removed in building the modern village
of Avebury. A cromlech 1,200 feet in diameter, made up of 100
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separate stones each seventeen to twenty feet high, forms a part
of the Avebury collection.

Some of the most curious and mysterious evidences of ancient
human activities are the stone images of Easter Island (Fig. 85).
On this isolated island in the South Pacifie, 2,000 miles west of
South Ameriea, there are over 600 stone statues, hewn out of
voleanic tufa and weighing from three to thirty tons each. They
are all patterned alike, regardless of size, and represent a half-
length human figure with hands placed across the front of the body.
Not one of the statues was found upright. They had all been over-
turned since they were originally set up, and the present inhabi-
tants of Easter Island do not even have traditions as to their
origin. Altogether they form one of the most puzzling of archxo-
logical enigmas.

In addition to megalithic witnesses of human activity in the
distant past are mounds, tumuli, and earthworks of various sorts,
that tell the same story of the antiquity of man. Some of these
structures were no doubt connected with ancient burial customs
or religious ceremonials, while others were probably once places
of refuge, or fortresses, the ruins of which remain to remind us of
the gray days during which our distant ancestors kept alive on
the earth the precious spark of humanity.

5. Tools and Weapons

Man, of all animals, is the only one adapted for grasping tools
or weapons. The tools and weapons of other amimals, such as
horns, teeth, tails, and claws, are a part of the permanent equip-
ment of their possessors and may be improved or substituted for
other tools only in the slow workshop of adaptive evolution,
Exchangeable instruments in the grasp of the hand of man have
enormously inereased the sphere of his possible activities.

Some of the earliest tools and instruments fashioned by man
furnish direct evidence of human antiquity that antedates his
oldest fossil remains. This type of evidence is far more accurate
and religble than any historical chronicle whatsoever that has
been colored by the variable factor of human judgment on the
part of the historian. Sir W. R. Wilde has emphasized the point
by saying, “ Men are liars, stones are not.”

The materials employed in outfitting the grasping hand of
man have been principally stone, particularly flint, quartz, and
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obsidian; horn, bone, and ivory; metals; and wood. Of these
substances wood is least enduring and so furnishes very little
evidence today of the uses to which, in all probability, it was
formerly put by prehistoric man. Of the metals copper, which
oceurs in comparatively pure form in nature, was first to be sub-
jected to the use of man, while malleable bronze, an alloy of
copper and tin, was invented and utilized long before iron, *“the
great lever of civilization,” was successfully smelted from the ore.

Antedating the days of metal, however, was a long period
when stones of various kinds, particularly flinis, were fashioned
by man for different purposes.

A. T CuLTUuRAL AGES

Archweologists speak of three successive ages of human culture
based upon the materials employed in the manufacture of tools
and weapons. They are the Stone Age, Bronze Age, and [ron Age.
To them might be added a fourth, the Steel Age, 1n which we
live today.

These Ages were not uniform in duration in different parts of
the world. Egypt, for example, had already reached a high point
in the Bronze Age at the time when Europe still lingered in the
Stone Age of culture (Fig. 86), while in North America and Austra-
lia the Stone Age was in full swing when these countries were
discovered by white men within recent historie times. The native
Tasmanians, the last of whom is said to have died in 1877, had
never advanced beyond the culture of the early Stone Age. Some
races of man still living todav, such as the Hottentots of Afriea,
Veddahs of Ceylon, Botacudos of Brazil, Andaman Islanders,
['uegans, and Esquimaux, are still in a very primitive stage of
tool eulture.

B. Tue Evorurion orF StoNnE HANDIWORK

The Stone Age offers a most fascinating field for study since it
furnishes the earliest direet evidenee of human aetivity upon the
earth.

The stone mstruments of primitive man were fitted to various
uses and included arrow-points, lance-heads, knives, axes, ham-
mers, saws, choppers, borers, etchers, serapers, and polishers,
while one of the commonest types of flints was a generalized
form to be grasped in the elenched hand, perhaps to add weight
to an argumentative fist.
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After 1838, when M. Boucher de Perthes discovered the first
known ancient flint hatchet in a sand bed near Abbeville, France,
together with rhinoceros and mammoth bones, a very great num-
ber of flint tools and implements of different degrees of perfection
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in workmanship, have been found and ecarefully studied. France
has been particularly fortunate, not only in these records of early
man but also in distinguished scholars who have collected and
deseribed them.

According to prescientific interpretations, relics of the Stone
Age, chiefly flints, were deseribed under the name of **fairy darts”
o ﬂ.n‘d+”thupderlmIt&{” and their
i l‘b origin variously assigned to the

o devil, Druids, or Romans, a

~=7 convenient trinity which has

been made responsible for many
other strange things.

Wherever fashioned flints
have been found, even in such
diverse regions as the Nile Val-
lev, Algeria, Europe, England,
America, and Somaliland, they
exhibit the same universal pat-
terns, and a parallel succession
of evolutionary differences or
degrees of refinement. It is
thus possible to subdivide the
Stone Age into three unequal
divisions, namely, Neolithie,
Palxolithic, and Folithie.

The oldest type of stone im-
plements, representing the Eo-
lithie eulture, are termed eoliths

(Fig.87). They mark the “ great
e : extent of time that has elapsed
Fia. 87.—Flints, representing three L

periods of the Stone Age. (Drawn between the picking up of the

from SIJ{';('.{IIHL‘HHI i_n the collection at fipst stones with an intelligent

Brown University.) g

purpose, and the acquirement of
sufficient knowledge to shape them into the erudest form of pale-
oliths” (Wilder). IEoliths, nowhere abundant, are always more or
less problematical objects, since they are not undeniable artifacts
in the sense of purposeful manufacture, but are merely pieces of
stone of convenient size and shape to fit the hand, which, however,
show the effects of use. Professor G. F. Scott Elliot says of them,
“Surely if there is little to prove that eoliths were made by man,

NEOLITH
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there is even less to convinee us that they were formed in any
other way.” HReid Mohr, in 1910, deseribed from a Pliocene *“ Red
Crag” deposit in England certain doubtful ‘rostro-carinate”
eoliths of peculiar but characteristic uniform shape which, if they
were ever in prehistoric human hands, belonged to a type of man
considerably more ancient than any that has left fossil remains.

The fiints of the Palmxolithic Period, as contrasted with the
perhaps accidentally scarred eoliths, are unmistakably the result
of human manipulation. They are all definitely chipped and
fashioned (Fig. 87), and exhibit an evolution of workmanship
from crude forms of early Palmolithic days, imperfectly chipped
to the exquisitely fashioned instruments of later time in the
“Golden Age” of the grotto painters. The palaolithic division
of the Stone Age has been divided by experts into several periods,
marking the successive advances in the art of chipping flints
which reached the greatest excellence in workmanship with the
Solutréan Period. The names of these divisions are for the most
part derived from the towns in France near which the characteris-
tic flints were first discovered. Reading downward from the most
recent to the most ancient, they are as follows:

Urrer Azilian, Poor workmanship. Decline of the art.

PavEeo-  Magdelenian, Bone, horn, and ivory employed.

LITHIC Soluiréan, Thin, laurel-leaf lance-heads, beautifully chipped.
Awrignactan, Bone and ivory harpoons and needles.

LowER Mousterian, Chipped on one side only.

PaLxo- Acheulean, Sharpened to a point.

LITHIC Chellean, Oval, coarse chipping.

Pre-Chellean, Hand wedges, ehipped at one end only.

The stone tools of the comparatively short Neolithic Period
are distinguished from those of the Pal®olithie not only by being
fashioned into definite shapes for obvious uses, but also by being
polished smooth (Fig. 87).
Many flint instruments, particularly those of the Neolithic
type, continued to be manufactured and used long after metals
were emploved in the Bronze and Iron Ages.

IX. TIME SCALES

There is no doubt that, to our myopie vision at least, the events
of our individaal lifetime are the most exeiting part of all human
history. But a single life of even “three score years and ten’” is
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only one one-hundredth of the approximate time involved in writ-
ten history. Historical events that seem very ancient in contrast
with the times in which we now live, appear quite recent against the
background of the “Cultural Ages” of the archaologist, while the
Cultural Ages in turn move magically forward into the present
when their position in geologic time is considered. It is a good
thing, however, occasionally to stretch one’s sense of time by
probing the abysmal past.

The following table is an attempt to visualize the relation of
the reaches of time involved with respeet to comprehensible
historie units of time.

Time ScaLe

{Based on the unit in which a lifetime, or “three score vears and ten,” is equal
to one minute)

MixvTEs | Houvrs | Davs | Y EaRs
AR A ECY MGy | AGECH
A lifetime 1 70
Columbus discovers America (§ 430
Christian Era begins 27V, 1,927
Written history begins 100 1% (3 7,000
Cro-Magnon 430 i 30,000
Neanderthal 1,000 162/, 70,000
Piltdown 2.000 36 11/, 150,000
Heidelberg 3,500 60 21/, 250,000
Pitheeanthropus 7,000 120 5 500,000
Beginning of Cenozoic Era 42,000 700 30 3,000,000
Beginning of Mesozoie Era 130,000 2,100 00 9,000,000
Beginning of Palxozoic Iira 260,000 4,200 180 18,000,000

X. CONCLUSIONS

The econtinuing wonder of mankind is man, for he is the most
astonishing animal that ever lived on this earth. His achieve-
ments are like a rapidly widening wedge, and awaken * undimin-
ished interest in every man born into the world” (Huxley). The
fascinating theme of the anthropologist and the archaseologist
1s particularly liable, however, to fall a prey to premature gen-
eralizations. Nevertheless certain conclusions from ‘“spade his-
tory,” as contrasted with legendary or written history, may be
stated with considerable confidence.

(1) There are many converging lines of evidence which point
unmistakably to the great antiquity of man when meas-
ured by any historieal time seale,
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(2) Man appeared in Europe in a remote time when the elimatic
conditions were different than at present, and when he was
the eontemporary of many kinds of animals now extinet.

(3) In America the evidences of human antiquity as yet discovered
by no means go back as far as they do in Europe and Asia.

(4) The cradle-land of man was probably Asia. This continent
iz centrally located and distinguished by possible migratory
routes connecting it with the other great land masses. Its
vast size allows for a varying range of physical and cli-
matic eonditions that, in Tertiary times, might have made
possible the emergence of human fore-runners from arboreal
to land life. Moreover, Asia 1s known to be the ancestral
home of most of the domesticated animals and of the oldest
known eivilizations.

(5) The direct desecent of man is not through any of the kinds of
living lemurs, monkeys, or apes. All modern primates,
including man, are probably divergent offshoots from a
common arboreal ancestor of very remote ancestry.



CHAPTER VI
UNITS OF STRUCTURE (CYTOLOGY)
I. THE CELL THEORY

It is quite essential in any house of knowledge to know the
units out of which the intellectual edifice is built. Thus, the
chemist must know the elements from which his compounds are
made, the writer must be acquainted with the alphabet, the
mathematician with numerals, and the biologist must know the
units which ecombine to form the infinite diversity of living
bodies.

The structural units with which the biologist deals are termed
cells, and the science of cells 1s called Cytology.

Robert Hooke first suggested the word “cell” in 1665 when
he described “little boxes or cells distinguished from one another”
that he saw in thin slices of cork. The word, which suggests
prison walls, is not a fortunate choice, however, for walls alone
do not adequately deseribe the biological unit. Nevertheless it
has come to stay and its use has now been extended to indicate
all units of biologieal structure, regardless of whether the walls
of a typical eell are in evidence or not.

The conception that all living structures are made up of organic
units, or eells, dates from 1838-1839, when Schleiden and Sehwann,
botanist and zoologist respeetively, published important investi-
gations upon the subjeet. The essential conclusions of the “‘cell
theory,” as now modified, are:

(1) Every living thing is composed of organic units (cells), or of
the products of their activity.

(2) Every living thing begins life as a single eell.

(3) Every eell is derived by the process of division from some
preceding cell.

II. A TYPICAL CELL

A generalized undifferentiated cell is represented diagrammatic-
ally in Fig. 88.

122
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Near the eenter of the ecell is the nueleus, surrounded by the
nuclear membrane. Outside the nucleus is the eytosome, or body
of the cell, enclosed in a cell wall, or membrane. Within the
eytosome itself may be embedded various things, such as pigment
granules, erystals, oil droplets, vacuoles, plastids, ete., and fre-
quently there may also be identified in the evtosome a tiny body,
the eentrosome, from which radiate delicate lines in every direction.
The nucleus is regarded as headquarters of the whole organized
unit, since the changes which the ecell undergoes seem to be mitiated
there. It is made up of more than one substanee, a fact that is
revealed by applving certain stains which, through chemieal
union, affect a part but not the whole of the nueclear substance.

oo Nuclear membrane

wfee Nucleus

oo Chromatin nefwork

Fra. 88.—Diagram of a typical cell.

The part most easily stained is called chromatin, that is, * colored
material.” During eertain phases of cell life the ehromatin masses
together into visibly definite structures, or bodies, termed chromo-
SOTNES.,

When cells mass together in the formation of tissues and become
subjected to mutual pressure, the typieal spherical shape becomes
modified, and any of the several parts of the cell may undergo
extreme modification, but most of the features outlined above,
which make a cell an organized unit of living substance, character-
1ze every cell.

III. CYTOMORPHOSIS

Cells are subject to the inevitable laws of change eommon to
living things generally. The sueeession of changes through which
each individual eell passes during its lifetime, is termed eytomor-
phosis. The term may be extended to include also the transfor-
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mations through which successive generations of cells pass in
the process of differentiation. Thus, aceording to Lewis and
Stohr,! “Cytomorphosis is a comparative term for the structural
modifieations which cells, or suceessive generations of eclls, undergo
from their origin to their final dissolution. In the course of their
transformation, cells divide repeatedly, but the new cells begin
development where the parent cells left off.”

The initial phase of eytomorphosis is characterized by a lack
of specialization. This i1s followed by a series of progressive
changes in which the cell becomes finally fitted for its life work,
whatever it may be. After a varying period of usefulness, signs
of old age appear, and eventually the cell goes the way of all
flesh and dies and its dead remains are removed from the society
of its fellows. Some kinds of eells, like red blood corpuscles or
epidermal cells, live a strenuous life, completing their entire eyto-
morphosis in a comparatively brief time, while others, like germ
cells, may remain dormant for years in an undifferentiated, em-
bryonic condition before they finally move forward to fulfill their
destiny. Again, to illustrate the extension of the idea of eytomor-
phosis to successive generations of cells, as well as to the life
history of an individual cell, the germinal epithelium of the tubult
conforti of the testis may be eited, which begins as simple epithe-
lium and eventuates as differentiated spermatozoa.

There is much similarity between the life of a cell and of an
individual. Both begin with a primitive, generalized stage; both
pass through expanding infancy and differentiating yvouth; both
arrive at specialized maturity and usefulness; both wear out and
die. In one particular, however, there 1s a striking difference.
The individual reproduces its successors only after it has beecome
mature, that is, after it has differentiated or specialized. The
cell, on the other hand, reproduces its kind only while still in the
undifferentiated, embryonic phase, and it loses almost entirely
the power to do this after it has attained specialization. The re-
sult is that certain cell units of the body, for example, nerve cells,
when they have once gone through to the extreme end phases of
their differentiation, have lost the power to replace themselves
with daughter eells. They have passed beyond the embryonie
stage of eytomorphosis in which replacement is possible, and
then when they wear out they are unable to leave successors.

V Histology, p- 9.
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[V. CELL DIFFERENTIATION

The path of specialization which a cell follows in eytomorphosis
is dependent upon the work it has to perform in the eell com-
munity of which it is a part. The typical primitive eell, un-
crowded by neighbors, tends to be spherical in form, but rarely
has opportunity to remain so. Red blood cells of the lower verte-
brates perhaps come nearest to retaining the original form of

!

Fra., 89.—Various types of cells. A, smooth muscle eells; B, striated muscle
cells; 7, cartilage cells; I}, ciliated epithelium; E, spermatozoan; F,
squamous epithelium; 7, bone cell; H, amphibian red blood cell; I, rod
cell of retina; J, ameboid leucoeyte; K, nerve cell; L, sperm ecell of erab;
M, fat cell.

embryonie cells, beeause the work they have to do of rolling about
through the blood channels of the body, is facilitated by the
spherical or ovoid shape. Leucocyles, or white blood cells, on the
other hand, become irregular or ameboid in form, with the power
of changing their shape, so that they are enabled fo squeeze be-
tween the cells that form the walls of the capillaries, and thus
escape out of the blood channels proper into the surrounding
tissues, where they nose their way between other cells in their
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sanitary mission of removing dead cells and devouring invading
baeteria. Squamous epithelial cells, whose business it 1s to cover
surfaces, beecome flattened like shingles, while muscle cells, which
specialize in contraction, assume the much elongated form in
which contraction is best accomplished. Certain detached ecells,
like spermatozoa, which need to acquire the ability to travel in a
fluid without having the propelling power of the heart back of
them, as the blood eells do, differentiate from their embryonie,
spherical form into a tadpole-like shape with a powerful locomotor
tail that effeetually drives them forward about their business.
Skeletal cells, the mission of whieh is support or protection, develop
interstitial substance, while some secreting cells exhaust them-
selves in an excessive specialization of the eytoplasm, which is
the consequence of their activity. Extreme modification of form
is seen particularly in nerve cells, with their enormously attenuated
processes, where specialization has gone so far that it is hopeless
to expect them ever to perform any other function than that of
long distance transmission. These examples of differentiation
are only a few of the many guises in which the building blocks
of organic structure appear. Some of these types of cell form
are indicated in Fig. 89.

V. THE CHROMOSOMES

With the development of the compound microscope, the in-
vention and utilization of aniline dyes, and improved eytologi-
cal technique generally, the presence of chromosomes within
the cell nuelei became known. The far-reaching importance
of these peeuliar structures has now been unquestionably
established.

It has been found (1) that chromosoimes are probably constant
in numbers in all the various cells of every individual of any
particular species of animals or plants; (2) that they behave in
a predictable way throughout all the vicissitudes of eytomor-
phosis; (3) that not only every cell comes from a preceding cell,
but that every chromosome in the nucleus comes directly from
a preceding chromosome like itself, and (4) that when chromo-
somes, during the changes of cyvtomorphosis, break up into in-
definite masses, thus apparently losing their characteristic shapes,
they later reappear in the identical size and shape that they for-
merly had, which is evidence that their individuality is maintained



UNITS OF STRUCTURE

127

and that they are not simply chanece masses of unorganized stuff.
Not only do the various chromosomes of any cell assume charae-

teristic shapes and sizes, but they oceur
in pairs of two of each kind in every cell
(autosomes, Fig. 90).

VI. MITOSIS

The usual behavior of the cell when
two cells form out of one, is called mito-
sts.  Although the astonishing details
of mitosis are unknown and strange to
the uninitiated, yet the process itself
18 oceurring continuously in all living
creatures, with countless repetitions.
Upon its orderly action depends every
step that serves to differentiate any ani-
mal or plant, starting at the fertilized

Fra. 90. — Spermatogonial

chromosome group in a
flv, Dasyllis sp., showing
autosomes associated in
pairs, and the small x-
chromosome (sex) without
a mate. (From micro-
photograph by Metz.)

ege and including all growth and organie

repairs. The founders of the cell theory surely could not have
dreamed of the extent of the vistas which their generalizations
were destined to open up, for mitosis is a far more detailed and
complicated performance than simply pinching the original ecell
in two.

The essential thing in eell division seems to be the equipping
of each new cell unit with a set of chromosomes in its nucleus
duplicating in number, form, and size those of the cell from which
it eame. Accordingly, in the process of eell formation, which
eonsists of a parent cell dividing into two daughter cells, the
chromosomes play the leading part. A very brief and general
deseription of the phases of typical mitosis, with a series of ex-
planatory diagrams, follows, but it should be remembered that
the stages described as distinet really merge into each other
continuously, like a moving pieture, and that the actual process
of mitosis will have taken place somewhere within the bodily strue-
ture of the reader many times over during the studious reading of
this paragraph.

Four phases are recognized as sufficiently distinet to mark
well defined changes from the “resting cell.” These are known
as the prophase, metaphase, anaphase, and telophase. The rest-
tng cell (Fig. 91, A) is characterized by the nuclear membrane,
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a chromatin network within the nucleus, and sometimes by a
centrosome. In the beginning of the prophase (Fig. 91, B) the
centrosome has divided into two parts, while in the early prophase
(Fig. 91, C) the two newly formed centrosomes have moved apart,
and definite separate chromosomes have formed out of the chro-
matin network. The prophase proper (Fig. 91, D) is marked

Fia. 91.—Mitosis diagrams. A, the resting cell; B, beginning prophase; C,
early prophase; D), prophase; E, end of prophase; F, metaphase; G,
beginning anaphase; H, anaphase; I, beginning telophase; .J, end of telo-
phase. (After Boveri.)

by the vanishing of the nuclear membrane. At the end of the
prophase (Fig. 91, ) the chromosomes have come to lie at the
equator of the cell, being conneected by the mantle fibers with
the centrosomes, each of which has now come to occupy a polar
position. In the melaphase (Fig. 91, I) the chromosomes split
lengthwise, and at the beginning of the anaphase (Fig. 91, G)
these new chromosomes begin to separate from each other and
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to move toward the poles, while the mantle fibers shorten. Dur-
ing the anaphase (Fig. 91, H) the cell body lengthens and be-
gins to divide, while the migration of the chromosomes toward
the poles is completed. In the beginning of the telophase (Fig.
91, 1) the division of the cell body into two parts becomes com-
plete. The mantle fibers have disappeared and the nuclear
membrane begins to re-form around the chromosomes. Finally,
at the end of the telophase (Fig. 91, J) the nuclear membrane
becomes complete, the ehromosomes break up into a chromatin
network, and two resting cells take the place of the single one
with which the process began.

VII. REPRODUCTION

Mitosis makes clear how eells are derived from preceding
cells. It also indicates the proecess involved in the derivation
of one individual from another by so-called asexual methods,
whereby a fragment of an organism enlarges into a new indi-
vidual. This is really nothing but another instance of growth
wherein an additional part breaks free from the parent organ-
ism and establishes an independent individuality. It does not
account, however, for the process of reproduction involved in
the formation of a new individual from two parents.

Sexual reproduetion, which is the prevailing means of in-
erease in numbers among higher animals and plants, involves
something more than an unbroken succession of mitoses. The
essential feature of sexual reproduction is the combination of
the chromosomal resources of two cells (egg and sperm) to form
a starting point for a new series of mitoses.

If mitosis 18 making two cells out of one, then sexual reprodue-
tion is making one cell (fertilized egg) out of two (Fig. 92). As
has been shown, mitosis is an elaborate mechanism whereby
the same number of chromosomes is maintained throughout
all the successive generations of cells that make up the individ-
uals of any particular species. However, when cells from two
such individuals unite in sexual reproduetion, some provision
must be made for the reduction of their ehromosomes, or the
cells of the new series of mitoses, resulting in a new individual,
will have double the number of chromosomes typical for the
species. This is accomplished by a preparatory process whereby
half the echromosome material in each is discarded. This process
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is termed maturation, or the reduction of the germ cell chromo-
somes. When the prepared, that is “mature,” germ cells, each
with half the normal equipment of chromosomes, join forces,
the fertilized egg resulting has a complete orthodox outfit of

d ?
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F1a. 92.—Diagram to show typical maturation and fertilization.

paired echrgmosomes, and thus the chromosome number re-
mains constant throughout all the generations of the species in
question. This also explains why the chromosomes in every
eell, whatever their number, appear in pairs, because one of each
kind eomes from each parent.
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VIII. THE DETERMINATION OF SEX

There is one outstanding exception to the rule that all in-
dividuals of any particular species have the same number of
chromosomes in every one of their structural units. Among
many animals there proves to be one more echromosome in each
cell of the female than of the male, although curiously in birds
as well as in butterflies and moths (Lepidoptera) the reverse is
true, the male showing one more chromosome than the female in
each component cell. :

This difference in chromosome ecount oceurs because in one
sex only among all the pairs of mated chromosomes (autosomes)
there 1s an odd chromosome without a mate. This odd chromo-
some 13 called the sex chromosome, since it is involved in the de-
termination of sex (Fig. 90).

In man there are twenty-three pairs of “autosomes” in each
cell, and in addition in the male an odd chromosome, making a
total of forty-seven chromosomes, while in the female besides
twenty-three pairs of autosomes there is a pair of sex chro-
mosomes, making a total of forty-eight. As a result of this in-
equality, when the sex ecells undergo maturation and diseard
half of their equipment of chromosomes, the mature eggs are all
alike (23+41), while the mature sperm cells are of two sorts,
(23+1) and (2340), according to whether the unmated sex
chromosome is rejected or not. The sex of the future individual is
consequently determined by the kind of sperm that unites with an

egg, as follows:
Egg Sperm Fertilized egg
(234+1)+(234+1)=(464+2) = 2 (female)
(23+1)4(2340) =(46+1)= 5 (male)

Sometimes sex chromosomes, instead of being represented
in one sex by an unmated odd chromosome, are present in one
sex as a mismated pair. In this case they are called the z- and
y-chromosomes. The determination of sex, however, comes out
exactly as in the odd chromosome case, that is:

Egge Sperm Fertilized egg
(Autosomes+x) + (Autosomes4x) = (Double autosomes+2x) = 2 (female)
(Autosomes+x) 4+ (Autosomes+v) = (Double autosomes+xy) = " (male)
Still other combinations of sex chromosomes have been ob-

served, but although the number of autosomes varies in differ-
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ent species of animals and plants, all cases agree in producing
either one Lind of mature eges and two kinds of mature sperm,
or the reverse, so that the determination of sex is always refer-
able to a definite combination of the chromosomes, making the
chances fifty to fifty that either sex results, which agrees ap-
proximately with observed findings.

IX. A WORLD OF BILLIONS

The total number of cellular units that takes part in the strue-
ture of a human body is beyvond imagination. Dr. W. W. Keen,
the eminent surgeon, has pointed out, for example, that the
blood of a normal man weighing 144 Ibs. equals about twelve
pints, and that the total number of red blood cells per pint is com-
puted at 10,240,000,000,000. Bierfreund estimates that a loss
of three pints of blood may be made good in four weeks. This
involves the manufacture of red blood cells at the rate of 45,-
000,000,000 per hour, or 760,000,000 per minute.

Dr. Keen further notes that the hair of a man’s beard grows
one millimeter in twenty-four hours. The constituent cells in the
make-up of a millimeter of hair are, by count and computation
over 10,000, so that seven or eight new cells per minute grow con-
tinuously for every hair. Multiplying this number by the total
number of hairs of the head, one arrives at fizures that are com-
prehensible only to an expert. The instances given concern but
two of the many kinds of organic units which take part in making
the human frame. When it is remembered that each one of these
cells arises from a preceding cell by the elaborate machinery of mito-
sis, the laziest man may feel assured that he has accomplished
something at the close of any day.



CHAPTER VII
DIVISION OF LABOR IN TISSUES (HISTOLOGY)

I. TISSUES

The science that deals with tissues, that is, Histology, includes
Cytology that was considered in the preceding chapter. The
cells, which are formed by successive mitoses, from the ferti-
lized egg, or ovum, differentiate into various tissues that con-
stitute the body. A tissue i1s generally an association of similar
cells which have undergone specialization for some particular
purpose. Thus bone tissue is made up of bone cells that are
very much alike, and epithelial tissue 1s an association of epi-
thelial cells that resemble each other,

The similar cells constituting a tissue may be connected with
each other either by delicate strands of eytoplasm that pene-
trate the enclosing ecell membranes, or by an intercellular ground
substance of some sort either secreted by the cells themselves in
the form of exaggerated cell walls, or formed out of intruded in-
terstitial material arising extraneously.

Combinations of tissues oceur in organs in much the same way
that different textiles are combined into garments, and in turn
organs together make systems, just as different garments to-
gether make costumes. For example, the stomach is an organ
that is assembled out of musele tissue, blood tissue, gland tissue,
and other tissues, which together with other organs like the
teeth, intestine, and pancreas, form the digestive system.

For purposes of deseription tissues may be classified as follows:

I. Fluid tissues.

II. Stationary tissues.
1. Epithelial.
2. Connective.

3. Muscle.
4. Nerve.

II. FLUID TISSUES

The fluid tissues are blood and lymph. Their cellular compo-
nents are disconnected and are, therefore, constantly rearrang-
ing themselves with reference to each other, unlike the cells of

133
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other tissues which maintain a comparatively stable spacial
relationship with each other.

In the lower invertebrates, such as the coclenterates and flat-
worms, the “blood” has no cells. In the higher invertebrates,
and the lowest vertebrates (amphioxus), only ameboid white
blood cells are present. The blood of all other vertebrates, is
characterized by both white and red blood cells, and is conse-
quently an elaborated fluid tissue.

Fluid tissues permeate the spaces which separate other tis-
sues, and even the interstices between the cells of these tissues,
They also occupy larger spaces, like the cavities of the joints,
for example, and particularly circulate through special chan-
nels, called blood and lymph vessels, that extend to almost
every part of the body. A further consideration of the blood
is postponed until a later chapter.

III. EPITHELIAL TISSUES

Epithelial tissues (Fig. 93), are the most primitive of all tissues.
They come in contact with other stationary tissues on one surface
only, since they clothe the
outer surfaces of the body
and line various cavities and
passages, including the blood
channels. They also receive
stimuli from the outside
world, seerete and excrete
different substances, and give
rise to the highly important
sex cells. There is usually a
minimum amount of inter-
cellular material in epithelial
e T tissues. The cells composing

iat epitheliuen b, oneclayored el them may assume a squa-
epithelium, two cells with cuticle and mous, cubieal, or columnar

four with ecilia; e, eylindrical epithelium; : .
d, ciliated epithelium; e, nm:rl_*g'-!a}'_vru(i form, and may be arranged in
epithelium; f, transitional epithelium; more than one layer.

g, stratified epithelium. (After Szy- y . .
lorioics) In the same epithelium may
sometimes be found differen-
tiated cells modified for a variety of uses. For example, sense

receptors together with their non-sensitive, supporting, cellular
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companions, as well as gland cells, are found wedged between
the typiecal cells of epithelial tissue.

The epithelial glandular tissues have a great variety of func-
tions in the economy of the organism, namely, digestive in the
salivary, gastric, and pancreatic glands; defensive in the poison
glands of snakes, stink glands of skunks and other earnivores;
protective in the mucous glands of fishes and amphibians, the
shell-producing glands of molluses, and the ink glands of squids;
lubricative in the oil glands of the hair, and in mucous glands
generally: nufritive in the mammary glands, and the albuminous
and yolk-forming glands of birds; constructive in the spin glands
of spiders and cocoon-forming insects; cleansing in the laeri-
mal glands of the eyveball; and temperature-regulating in the sweat
glands of the mammalian skin.

When the substances produced by gland cells are utilized for
the benefit of the whole organism, they are defined as secrefing
glands, but if the substances produced are waste products that
are cast out of the body, they are termed excreting glands. If
glands are supplied with a duct whereby their products may
reach the outside or be poured into some cavity or passage-way,
they are termed exocrine glands, but if no duet is present and
the produets of glandular activity must be transferred to the
blood stream in order to be distributed, then they are known as
endocrine glands, and the substances which they produce, as
hormones. The morphology and behavior of the various glands
will receive more attention later. It is sufficient now to assign
them to their proper place among the epithelial tissues.

IV. CONNECTIVE AND SUPPORTING TISSUES

Connective and supporting tissues of wvertebrates lie inside
the body. The component cells of these tissues do not form
layers, as epithelial tissues tend to do, but are massed together
with more irregularity, and their intercellular substances are
usually much more in evidence, particularly in cartilage and bone.

1. Connective Tissues
Included among connective tissues, whose mission is filling space
between organs and parts of organs, are at least five different sorts
that may, in some instances, merge into each other. These are
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(a) gelatinous; (b) notochord:l; (e) reticular; (d) adipose; and
(e) fibrillar.
A. GerLatinovus TissveE

Gelatinous tissue reaches its most characteristic development
in sponges, and semi-transparent pelagic animals, like medusa
and ctenophores, in which the jelly-like bulk of the body is eom-
posed of secreted intercellular substance throughout which are
scattered a few ameboid cells, frequently joined together in a
very open meshwork by delicate eyvtoplasmic bridges. This type
of tissue does not commonly appear in the bodies of adult verte-
brates, although during em-
bryonic development the so-
alled mesenchy me passes
through a gelatinous tissue
phase.

B. NorocHorpaL TISSUE
In notochordal tissue, on the
contrary, there is a great reduc-

Fig. 94 —Cross section thmu%h the Fic. 95.—Reticular connec-
notochord and its sheaths, from a tive tissue from a lymph
young dogfish. Ne, nerve cord; Ps, gland of a cat, to show the
primary sheath; Ss, secondary sheath; supportive skeleton of a
Pne, El‘li’iht"t‘:’il notochordal cells; N, soft organ. (After Krause-
notochord. (Drawn by K. L. Burdon.) wehmahl.)

tion of intercellular material, so that the thin-walled cells lie closely
pressed together (Fig. 94). Whatever rigidity 1s attained by this
tissue is due principally to the fact that the cells are so tightly
packed within a tough, containing sheath that a eertain amount
of turgor results, as when sausage meat is erowded into a easing.
C. RETicurar Tissugk

Reticular connective tissues (Fig. 95), form the meshlike sup-
ports that characterize many of the softer organs, like the spleen
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and the lymph nodes, which are ordinarily thought of as being
without internal skeletal devices of any kind.

D). AprroseE TISSUE

Adipose tissue is somewhat similar to the ordinary reticular
tissue that forms the skeletal matrix of soft parts, for in this
tissue also, groups of cells that specialize in fat storage lie en-
meshed in a loose reticulum. When the fat cells are melted out
of fat pork by frying, for example, a residual network is left behind
which is the skeletal, or reticular, part of adipose tissue,

E. FiBriLLAR TissuE

Like other connective tissues, fibrillar tissue (Fig. 96) consists
of cells but it is characterized prineipally by the fibers that inter-
lace among the cells. These fibers, them-
selves the products of cells, are of two sorts,
made up of white, non-elastic fibrils, and
yellow, elastic fibrils.

The yellow fibrils are peculiar to verte-
brates, not being found among invertebrate
tissues. They oceur in such parts of the
body as the walls of blood vessels, the valves
of the heart, the lining of the alveol® of
the lungs, and in certain intervertebral
ligaments. Both the yellow and white Fic. 96.—Fibrillar tissue
fibrils may be compacted densely together, :_,T“,: H:”{imrr::“:;f tlhlf' ‘:,tff
as in musele sheaths, perichondrium, and  ternal earof man. (Af-
periosteum; or they may be arranged in :,:d llﬂﬁl:} men
the form of a looser texture, as in the walls
of blood vessels and the dermal part of the mammalian skin. In
the sclera of the eyeball and in tendons, the fibrils are mostly
white.

Fibrillar tissue plays an indispensable part in holding together
nerves and museles, museles and bones, and in the transport of
blood tissues. It is perhaps the most widespread tissue in the
vertebrate body.

2. Supporting Tissues
A. CARTILAGE
Cartilage, or “gristle,” is a non-porous, nerveless, bloodless
tissue that enters into the skeleton of vertebrates. Its texture
is not as firm and unyielding as bone, and consequently it is

}
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hetter adapted as scaffolding, in water animals, such as fishes,
where the surrounding medium helps to support the body, than
for such use in land animals whose weight is held up in thin air.

There may be distinguished at least five kinds of cartilage,
namely, (a) precartilage; (b) hyaline; (¢) fibrous; (d) elastic;
and (e) caleified.

Precartilage is a temporary embryonic type that precedes the
formation of other kinds, but may sometimes endure in the adult
organism, as in the fin rays of certain fishes. It consists of cells
which have the power to secrete a thickened cell wall, or inter-
cellular matrix, at the expense of their own eytoplasm. When
this process has continued until the diminishing cells have isolated
themselves from their
neighbors in a sea of
surrounding matrix,
whieh is semi-trans-
parent and somewhat
firm, the hyaline stage

G has been reached (I7ig.
A B C 97). Hyaline cartilage
1"1t'rl. a7, 'l'h{*_lliﬁi'rvnlli.u.tiun I.IE EI}":lilirw :furrti']uf:{t-. is found in the bend-

A, mesenchyme cells; B, pre-cartilage; C', hya- ST

line cartilage, with the hyaline matrix repre- able and projeeting

sented in black, in which the cells are embedded. ..
( is and Sté : e hu
(After Lewis and Stohr.) reglon of th 1man

nose, at the ends of
the ribs joining the breastbone, in the stiff incomplete rings that
keep the tracheal and bronehial tubes from collapsing, and in other
parts of the body structure.

The hyaline matrix between the cartilage cells may be inter-
woven with fibers, either white or vellow, as in fibrillar conneective
tissue, in which case either fibrous, or elastic eartilage is the result.
I'ibrous cartilage is typically seen in the padlike dises separating
the eentra of the vertebrae in the backbone, while elastic cartilage
is found, for example, in the epiglottis, and in the framework of
the external ear, which fortunately, as a result, springs readily
back into its original shape when bent. Sometimes the inter-
cellular matrix of hyaline eartilage becomes infiltrated with limy
salts, when it is designated as calcified cartilage.

B. BonE

Bone is the most conspicuous of the skeletal tissues of verte-

brates. As contrasted with ecartilage, it is porous and supplied
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with nerves and blood vessels, and is considerably more rigid.
It includes at least two kinds of cells, osteoblasts and osteoclasts.
The first of these are bone-forming cells, which produce the limy
intercellular matrix that character-
izes bone. The osteoclasts, on the

other hand, are bone-wrecking cells, fece.

which tear down bone tissue and

make possible the rearrangement

of material necessary to the aec- e.c.c

complishment of growth among de

such unyielding building materials AL,

as bone cells. 4
Bone consists of two essential

substances, first, an organic base Bie.

of living cells, and second, in the

excessively developed matrix sur-

rounding these cells, an infiltrated 0. b.

mass of inorganie, limy salts. o

These two components are so inti-
mately united that there i1s no
visual way of separating them, yet
each alone is sufficient to give
characteristic shape to a bone, for ¢ osteoclast; o.h., osteoblast.
when the organic part is burned (Modified from Klein.)

out by fire, or the inorganie component 1s dissolved away by acid,
the part remaining in each instance preserves the original form of
the bone.

In relative weight the inorganie or mineral part of bone is about
three fourths of the whole, although the ratio of inorganic to or-
ganic varies with age, ordinarily becoming greater the longer the
bone lives. Aeccording to Heintz an analysis of the mineral con-
stituents of a human femur resulted as follows:

Fig. 98.—The formation of hone.
f.c.c., flattened cartilage cell;
e.c.c., enlarged cartilage cell;
d.c.c., degenerating cartilage cell;
m.c., marrow cavity; b, bone;

Calcium carbonate 9.06%,
Caleium phosphate 85 625
Magnesium phosphate 1.755%
Caleium fluoride 3.57T9%

100, 00

Embryonically active cells, osteoblasts (Fig. 98), are responsible

for the formation of bone tissue.

By their rapid multiplication
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living bone cells are formed, which in turn secrete the lamellz,
or hard parts. As bone grows, however, it becomes necessary
not only to add new tissue but actually to remove that which
has already been formed. For example,
v ..? when one compares the lower jaw of an
infant with that of an adult (Fig. 99), it
_ 15 evident that no single cell of the
= former structure can persist unchanged

Fie. 99— Dia S T ’.r.hmughmlii the process uf.' growth. The
ing the jaw of an infant jaw of an infant is not simply added to

E{ti']tlm-t&l?;ilik{fr.}m] adult. .o it h:ec{:mﬂs ]:5.11_;;(31‘, ’E)ut all the building

maiterial composing 1t must be broken
down bit by bit and reassembled and supplemented many times
before the adult bone 1s formed. It is as if a stone wall were en-
larged not simply by adding to the outside of it as it stands, but
by tearing it down and reassembling it with additional stones so
as to enclose a larger area.

This wrecking of bone tissue already formed, in order to make
way for rearrangement and enlargement, is accomplished by
rather large definitely identified cells, called osteoclasts. The
destructive work of these cells is not always followed by con-
struetive reorganization, how-
ever, for when the work of
the osteoclasts exceeds that
of the osteoblasts, a bone de-
ereases in size. Thus in tooth-
less old age, (IFig. 100) not
only the lower jaw becomes

smaller through the loss of

teeth but also the bony sock- ¥i6. 100.—The condition of the jaw in old

g ; = age, showing the acute projection of the

ets in which the teeth were r:I‘;in resulting from the Ejn&-; of teeth and

set decrease in size through :;111-”:11:::'1(:1';11.10!1 of the sockets for the
; eeth,

GaamaEn
L Ll

the removal of tissue by the

osteoclasts, so that the chin and the nose tend to hobnob to-
gether (Fig., 101).

~ Some bones of the body, particularly those of the roof of the
skull, are formed by osteoblasts directly, while others, notably
those that make up most of the skeleton, are at first laid down in
cartilage. This temporary cartilaginous scaffolding becomes later
invaded by an army of destructive osteoclasts (more properly
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chondrioclasts), which are followed up by constructive hosts of
osteoblasts, transported to the scene of reorganization from out-
side the area in question, with the result that the cartilage is
bit by bit replaced by bone

When a slice of bone, taken, for instance, from a cross sec-
tion through the shaft of the femur and ground down to trans-
lucent thinness, is examined under the microscope,
it is seen to be made up of innumerable small
plates, or lamellz, (Fig. 102). These plates are of
inorganic material and are arranged in more or less
orderly fashion with reference to the minute spaces
which they enclose, in at least three general ways,
concentrically, interstitially, and cireumferentially. Fia. 101, — In

The concentric lamellz, somewhat like the rings ;{;ﬂthili;ff: (;:!:}
of growth around the pith of a shrub, envelop and the nose
small tubelike, branching canals, the Haversian :;:;;‘1 J}gmlml:'
canals, which permeate the bone lengthwise and  (After Cam-
are the econduits for the passage throughout JeE)
the bony tissue of eapillaries, lymphaties, and nerves. The
Haversian canals, surrounded by the concentric lamelle, are

MC.
I.C.

L.

H.C.
5 O

P
O.C.

Fig. 102.—A diagrammatic stereogram of bony tissue, Haversian canals and
lacune in black, leaving the bony lamelle white. M.C., marrow cavity;
[.C., inner circumferential lamelle; L., interstitial lamelle between the
Haversian systems; H.C., Haversian canal; (.L., concentric lamells
surrounding an Haversian eanal; P., periosteum, or skinlike connective
tissue enveloping the whole bone; 0.0, outer circumferential lamellz.

most tyvpically seen in the dense tissue of the eylindrieal shafts of
the long bones in the appendages, where they communicate both
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with the periosteal coverings of the bone on the outside and
also through the entire bony tissue to the marrow cavity inside.
They constitute the highways for organie traffic throughout the
bony tissues, making this part of the skeleton a living adjustable
structure.

The necessarily irregular interstitial lamellz fill up the spaces
between neighboring Haversian systems, and finally, the eir-
cumferential lamellz either run around
the entire bone like a cortex, on the
outside just beneath the periosteum,
or as an internal layer, grade over
into the spongy tissue that borders
the marrow cavity within the bone.

The Haversian canals are not the
only spaces, however, that help to
make the living bone porous. Between
the hard lamelle, separating them
: : _ ~ from each other, are tiny spaces,
B “lﬁl?f:_,i"“:{ :3;'%‘;:};:' t:l:::::m# lncunae, hterally “ little lakes,” in which

the edge of an Haversian lie imprisoned the living bone cells

cunal, through which bood 4 incolves.  Lacunal spaces com-

the substance of the bone. munieate with each other through

iﬁt':uk:';fﬂn{:’:]EL'EEZ',:::}"’:II:& microscopic holes in the walls of the

also their connection by cana- limy lamelle, called canaliculi. The

f"f_ﬂ!r:ltf'-ilnllfl:i J!’:}{H';Jﬁ'_““”m A relation of these structural details is
shown in Fig. 103.

C. TeerH

The teeth of vertebrates are among the most enduring of
animal tissues. The dentine, or ivory, that makes up the bulk
of a tooth, surrounds the pulp ecavity which houses the nerve
supply and the nutrient blood vessels, but is not itself traversed
by nerves or capillaries although it is honeycombed by very
minute parallel eanals. Usually the exposed surface of a tooth
i1s faced with enamel, the very hardest of all tissues, which 1s
prismatic in structure and entirely without minute canals. In
those teeth which are set in sockets the roots are embedded in
cement, a bonelike tissue that anchors the tooth firmly to the

jaw.



DIVISION OF LABOR IN TISSUES 143

V. MUSCLE TISSUE

One of the commonest manifestations of life is movement.
Even in stationary plants living eytoplasm streams about within
the cells, and fluids are passed from one part to another.

Within the animal body certain members of the ecell com-
munity, like blood eells, shift about with much freedom, while
other kinds of ecells, leucoeytes for example, are able to change
their shapes. The well-nigh universal ability of living cells
to move or to change shape, culminates in muscle cells, whose
conspicuous contractility not only causes internal movement
but exercises an influence for motion in more or less distant
parts of the body to which they are directly or indirectly
attached. The cytoplasm of the elongated muscle cells is differ-
entiated into sarcoplasm and myofibrils, and the accommodat-
ing sheath, an intrinsic part of the cell, which clothes the change-
able sarcoplasm like a thin rubber glove, is termed sarcolemma.
The myofibrils are embedded in the sarcoplasm and are the
particular mechanism of elasticity. They are peculiar in that
they effect contraction in only one direction instead of in any
direction as is the case of ordinary contractile eyvtoplasm.

Muscular movement is always effected by the pull of mus-
cles, while restorative movements are in turn brought about
by the pull of antagonistic museles, and not by the relaxation
that follows contraction. Musecle tissue is thus simply special-
ized tissue in which the general funetions of motion are earried
out more effectually than elsewhere. Dr. A. E. Shipley has
vividly emphasized the power that may be stored in muscle
tissue by eiting the performance of a jumping flea. Someone
succeeded in weighing nine fleas and found the average weight
to be 0.38 mgm. These creatures leap from 8 to 13 inches. If
a man, who weighs perhaps 70 kgms. made a corresponding
leap he would go horizontally 36,000 miles, or once and a half
times around the world.

There are three kinds of musele tissue that differ in their de-
gree or manner of specialization, namely, (1) smooth; (2) striated;
and (3) cardiac.

1. Smooth Muscle Tissue

Smooth musele eells with but a single nucleus near the center

of the cell, are spindle-shaped and rarely forked at the ends.
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In man they vary in size from 15 miera (15/1000 of a milli-
meter) in blood vessels, to 200 micra in the digestive tube, while
in the walls of the uterus during pregnancy they may reach 600
micra in length. In the pliant walls of the bladder they are more
or less felted together, lying in every direction, so that the bladder
when it is emptied contracts like a toy balloon rather than ecol-
lapsing like a hot-water bag.

Smooth muscle cells are rarely massed together into bulky
tissues, being widely distributed throughout the body. For
example, they are found in the skin, where they act as hair-
raisers, feather-fluffers, and doorkeepers of glands, while they
also form a part of the contractile walls of various passage-ways,
such as blood and lymph vessels, the digestive tube (except the
upper part of the esophagus), the trachea and bronchi, the re-
productive ducts, and ureters.

2. Striated Muscle Tissue

This tissue is “flesh,” and in man it constitutes nearly fifty
per cent of the weight of the entire body. It is found not only 1n
the bulky body wall and the muscles of the limbs, where it effects
locomotion, but also, in the higher vertebrates at least, in the
diaphragm, tongue, esophagus, pharynx, larynx, and the muscles
of the eyeball.

The component fibers of striated muscle tissue are enormously
elongated, so that a single nueleus 1s no longer able to serve so
extended a territory. In consequence many nuclei, like substa-
tions, are scattered along the fiber just beneath the sarcolemma,
instead of in the central portion, as is the ease with smooth muscle.
The deseriptive term “striated” means that the myofibrils, which
extend throughout the long diameter of the cells, are differentiated
into alternate bands, that not only refract the light differently
and stain differently with aniline dyes, since they vary physically
and chemically, but also behave differently upon contraction,
showing that they are physiologically different too. The dark, or
anisotropic bands, are doubly refractive in polarized light, and
shorten upon contraction more than the light colored, or isotropic
bands, which are singly refractive in polarized light. Since these
alternate bands are alike in extent and match each other side by
side in the parallel myofibrils, they eause a striated appearance
across the entire musele cell. In birds the “white meat” of the
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breast is characterized by an excess of myofibrils, while the “dark
meat '’ has more sarcoplasm and less myofibrillar substance.

In general the striated muscles effect quick movements of
comparatively short duration and are voluntary, that is, under the
control of the will, while smooth musele tissue 18 tnvolunlary and
much slower in act'on. There are some notable exceptions to
this generalization, for the body museles of certain molluses are
smooth and voluntary, while the viseeral museles
of inseets and erustaceans are typically striated
and imvoluntary.

3. Cardiac Muscle Tissue
The tissue of the muscular heart is transitional
in charaecter between smooth and striated, in that {,'a”“aﬁ
the component cells are comparatively short, muscle cells.
branching, and involuntary in action, although E’:ﬂf;‘ Szymono-
striated in appearance and multinucleated (Fig. :
104). The enormous dynamic foree exercised by any kind of mus-
cle tissue 1s seldom realized. The tireless heart of a man, for in-
stance, knows no rest, as one ordinarily thinks of rest, and throbs
faithfully without skipping a beat throughout a long lifetime.

VI. NERVE TISSUE

Nerve tissue is characteristic of animals rather than of plants,
although the nervous function of sensitivity is a fundamental
property of eytoplasm and is by no means absent from plant life.
It consists of specialized nerve cells, or neurones, accompanied by
nutritive components of wvarious sorts, connective tissue, and
non-nervous neuroglia cells of ectodermal origin. The cytoplasm
of neurones is differentiated Into newroplasm and neuwrofibrils
which differ in their chemical composition, as shown by staining
methods. Neurofibrils are particularly fitted for the reception
and transmission of impulses, just as myofibrils are the specialized
instruments of eontractility in musele cells.

The typical shape of neurones represents extreme modification
from their characteristic spherical embryonie form, the eyvtoplasm
being drawn out into extremely elongated processes, or fibers, of
two kinds, called respectively dendrites and newrites or nevraxons.
Dendrites are numerous and branch freely, as their name indieates,
while there is only one neurite to each eell.  This neurite may be
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insulated from surrounding cells by a fatty envelope, known as
the medullary sheath, outside of which it, in turn, may also be
enclosed in a connective-tissue covering of cellular origin, called
Schwann's sheath. The dendrites are usually without either of
these sheaths. When impulses travel through a neurone along
the neurofibrils, they do not go at random, but always enter
through some one of the dendrites and pass out through the
neurite. Impulses are relayed from eell to eell by contact between
the neurite of one cell and the dendrite, or eell body, of the next.

“Nerves” are bundles of neurites outside the central nervous
system, and are enclosed in a common connective sheath, while
ganglia are aggregates of cell bodies of neurones clustered together,
for regulation and correlation of impulses. Nervous tissue thus
accomplishes a double mission, first, that of relating the organism
to its environment through the sense organsg, which are made
up of sensory receptors of the wvarious stimuli and secondary
components which support and nourish the neuronic reeeptors;
and second, that of regulating and correlating all activities by
means of the central and sympathetic nervous systems.

Professor GG. H. Parker refers! to the human cerebral cortex, in
connection with the matter of memory, as a “superficial layer
of the brain with a thickness varying from one and a half to five
millimeters and covering an average of 2,352 square centimeters.
This cortex is estimated to weigh about 658 grammes. It is com-
posed chiefly of blood vessels, supporting tissues, and nerve cells.
The blood vessels and supporting tissues are merely mechanical
accompaniments of an apparatus the real funetions of which are
carried on by the nerve cells. These cells have been carefully
studied, their arrangement and distribution made out, and it is
estimated that in a single cortex their number is not far from
9,200,000,000. Notwithstanding this prodigious number, these
cells and their processes represent only two per cent of the total
weight of the cortex; in other words, the cortical nerve eells and
their processes in the average man weigh about thirteen grammes.
This amount represents a little less than a eubie inch of material
or about one five-thousandth of his total weight.”

Dr. Parker concludes with the following impressive words:
“By means of it we cherish the traditions of the past; its activities
inelude all our conscious states, our simple sensations, desires,

1 Biology and Social Problems, p. 37, Houghton, Mifflin Co., 1914,
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hopes and aspirations, our sense of shame and regret at deeds of
unworthiness, our joy in generous acts, our knowledge of all these
things; from it emanate the impulses to those steps which mark
us as honest or dishonest, extravagant or thrifty, seeretive and
deceptive, or frank, open and free, cold or affectionate, in short
all those signs which stand for personality. Socially no part of
our bodies is more precious than this cubic inch of cortex. From
the cradle to the grave we work to train it. Our early childish
plays and lessons are intended to awaken it into activity. The
school, the college, the university work upon it; our whole eduea-
tional system is devised to bring into full efficiency this cubie inch
of our body. It must be enriched by experience; it must be trained
to make wise decisions, to call forth acts of friendly service. If
you have any doubts of the enormous social significance of this
cubic inch of nervous tissue, look upon the individual in which 1t
permanently breaks down, a useless member of society, a charge
upon the state, if not upon the race.”



CHAPTER VIII

THE DEVELOPMENT OF THE INDIVIDUAL
(EMBRYOLOGY)

I. THE STARTING POINT

No animal or plant is an orphan in the sense that it is without
parentage. The spontancous origin, even of the most minute
organisms, at least under present conditions on this globe, has
been effectually disproved. Modern control of bacterial diseases,
together with the incaleulable boon of aseptic surgery and anti-
septic practice, depends upon the clear understanding of this
fact. A new organism may be introduced into the brotherhood
of living things by one parent or by two, but no animal or plant
comes into the world of today unsponsored by preceding life.

When there is only one parent the new individual is said to
arise by asexual reproduction. The method of sexual reproduction,
however, which involves a double source, is by far the commoner
way in which higher animals and plants begin their separate
existence.

The starting point of a sexually produced individual may be
regarded as a fertilized egg, which is a combination of contribu-
tions from two parents.

It 1s the purpose of this chapter to try to trace some of the more
important episodes in the “miraculous pageant of transforma-
tions” that take place between the fertilized egg and the adult
organism. This is the particular province of Embryology, and
some familiarity with the fundamental concepts of this faseinating
field in biology is essential to any comprehensive understanding
of the structure and funection of adult animals and plants.

I[I. THE NECESSARY PARTNERS
1. Differentiation of the Germ Cells
Two germ cells, the sperm and the egg, are necessary partners
in the enterprise of a fertilized egg.
Fertilization is the union of two diverse germ eells, and conse-
quently provision has to be made for getting them together.
148
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The egg which must be stored with first-aid nutriment for the
future organism during the eritical early stages of its develop-
ment, tends to become relatively heavy and stationary. The
inevitable corollary of this differentiation in the egg is that the
sperm must assume all the responsibility of travel in the necessary
process of getting together. The egg does not meet the sperm
half way. The sperm has to ecover the entire distance.

The fact that different terms, namely, “pollen grains” and
“ovules,” are employed to designate the reproductive units in
plants, does not indicate any essential differences in the germ
cells of animals and plants.

2. Kinds of Sperm

The result of the physiological neeessity of the union of two
different kinds of germ cells, is that the sperm cells of animals
and the pollen grains of plants, which ecarry the corresponding
male germ cells of the higher plants, become specialized into
structures adapted particularly for locomotion.

A typical sperm cell is pictured in Fig. 89, E, in which it is
seen that the differentiated head of the sperm is prineipally made
up of the original nueleus, earrying the important chromosomes
that are freighted with hereditary determiners, while the middle
piece and the locomotor fail represent transformed eytoplasm,
~modified for particular uses. An animal sperm is thus adapted
for locomotion through a fluid medium by sculling forward by
means of a vibratile tail. Animals never employ aérial routes
for this purpose, as do plants, which may have their pollen grains
borne to the egg cells located in the ovules of other flowers by
the wind or the agency of insects.

Among vertebrates, most fishes and amphibians broadcast
their eges and sperms in water, and the sperm cells travel in this
medium in order to reach the ege. Among land forms like rep-
tiles, birds, and mammals, internal fertilization oceurs, so that
their sperm cells travel up the oviduet to the egg in a fluid medium
that serves the same purpose as water in the case of aquatic
animals. Copulation, which oceurs with many land animals, is
simply a device for insuring placement of locomotor sperm cells
in a suitable highway leading to the waiting egg.

An exception to the almost universal type of sperm with a
locomotor tail, is found among certain worms (Ascaris, for ex-
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ample), and erabs where an ameboid or angular form is assumed by
the sperm cell, and the approach to the ege is accomplished by
much slower ereeping movements or by direct contact upon rubbing
together (Fig. 89, L).
3. Kinds of Eggs
Egegs of animals differ specifically in the load of nutritive yolk
which they carry. Curiously those with a minimum amount of

0D &3 &
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-

I'1G. 105.—Stages in the segmentation of the egg. A-F, amphioxus. (After
Hatschek.) G-J, Ambystoma. (After Eyelesheimer.) K-N, chick.
(After Coste.) O-R, rabbit. (After van Beneden.) p.b, polar bodies;
z.p, sona pellucida.

yolk are found at the two extremes of the vertebrate scale, namely,
the eggs of amphioxus and of mammals. The egg of amphioxus
probably represents a primitive condition in the matter of aequisi-
tion of yolk, while the poverty of volk in the egg of mammals is
not due to primitiveness but has no doubt eome about through a
different chain of causes. These causes are correlated with the
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fact that not much stored food is required in the eggs of this
egroup, sinee they early become implanted like a parasite in the
uterine wall of the mother from whom they derive their necessary
nutritive start in life. As a consequence of the searcity of volk,
the mammalian egg is remarkably small, that of man measuring
only about 1/125 of an inch in diameter (Fig. 375).

In evelostomes and amphibians the abundant volk is massed
" particularly in the heavier, lower, or “vegetative,” half of the
egg (Fig, 105, G-J), while the nucleus and most of the eytoplasm,
constituting the embryogenie, or “animal” pole, appear on the
upper side. Sueh eggs may be deseribed, therefore, as polar or
telolecithal eggs.

In reptiles and birds (Fig. 105, K-N), there is so much volk
present that the essential nucleus of the egg ecell, and its tiny
halo of active eytoplasm, form only a small area, the germinal
dise. The volk invariably gravitates when unhindered, so that
the disc comes to lie on the upper side of the relatively large
sphere. In addition there is also a reserve food supply of nutritive
albumen, or “white,” packed around the egg itself within the
protective shell (Fig. 377). If one stretches the point and regards
a bird’s egg with its auxiliary parts as a single cell, it must be
allowed that it is the largest of all animal cells. Thus, the egg of
the wingless Apteryx of the antipodes, weighs nearly one-fourth
as much as the entire bird. An ostrich’s egg is equivalent in bulk
to about two dozen hen’s eggs, while that of the extinet gigantic
“moa’’ of New Zealand (Fig. 48), had twelve times the mass of
an ostrich’s ege and might, therefore, easilv hold the palm as

o

being the largest animal “eell” ever discovered.

ITI. CLEAVAGE

After the union of sperm and egg, the first of the long series of
stages that transform the fertilized egg into an adult individual
oceurs, a process called cleavage (Fig. 105). This consists of a
rapid suceession of mitoses in which the initial cell becomes
divided in turn into two, four, eight, and so on, until a mass of
small eells results without appreciable increase in the total weight
from that of the fertilized egg. These small cells, or units, are
called blastomeres, cach one of which containg a complete double
set of chromosomes, bearing hereditary potentialities from two
parents, thus duplieating the original outfit 1in the fertilized egg.
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The purpose of these rapid preliminary cell divisions of cleavage
seems to be to break up the original cell into many separate work-
able units, for a very fundamental principle underlying differentia-
tion is division of labor,
and this is facilitated
when there are different
nuclear centers present
for the initiation of
different cellular enter-
prises.

IV. THE BLASTULA

The results of cleav-

S age are dependent upon
srchentgron the amount of inert
\ \ yolk present. In am-
phioxus, where there is
very little yolk to hinder
the process of cell divi-
sion, the entire egg mass
i1s equally involved in
cell formation, and the
resulting blastomeres of
essentially uniform size,
arrange themselves in
: the form of a hollow
N nner bt mass” 4rophectoderm sphere, called the blas-

Fia. 106.—Gastrulation. In amphioxus. A, blas- tula, while the ecavity
tula showing flattening of the vegetative pole within is termed the
and rapid proliferation of cells in the postero- : : =
dorsal region; B, commencement of infolding of segmentation cavity (Fig.
cells at the vegetative pole; C, invagination 106, A)
complete as the result of continued involution R A
of the dorsal lip. (After Cerfontaine.) In frog, When the yolk is dis-
D-F; in chick, G-H. (After Hyman.) In rabbit g in '
I-K.  (After Kieth.) S na e

J G e
s'l-agmzntati:-n ca

as in an amphibian’s
egg (Fig. 105, G-J), the mitoses at the embryogenic or animal pole
in the neighborhood of the original nucleus, go forward at an accel-
erated rate, while the cell division is retarded at the opposite pole,
where the lifeless yolk is particularly in evidence. A blastula is evi-
dently formed but thesegmentation cavity within the hollow sphere
1s eccentric (Fig. 106, 1J), its walls are of very unequal thickness,
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and the blastomeres at the embryogenic pole are considerably
smaller and more active than those at the opposite or vegetative
pole.

In reptiles and birds the results of segmentation are still further
modified by the relatively enormous amount of yolk present.
The nucleus of the fertilized egg undergoes the usual mitosis,
but the new ecell boundaries fail to be extended at once so as to
include the great sphere of yolk material. The result is a pateh
of ecrowded blastomeres of unequal size at the embryogenic pole,
the larger ones with incomplete boundaries being at the periphery
(Fig. 105, M-N). This growing disec extends its margin until
eventually the entire sphere of yolk is covered and enclosed by
eells whieh gradually ineorporate the underlying yvolk mass within.
The segmentation cavity is apparently suppressed, although a
subgerminal cavity, present in the segmenting eggs of birds and
filled with a fluid even in unfertilized eggs, is usually regarded as
the “segmentation cavity.” Meanwhile, at the blastogenie pole
the body of the embryo itself has assumed definite form (Fig.
106, G-H).

The mammalian egg, in spite of its seareity of yolk, does not
behave in segmentation like primitive amphioxus, which it re-
sembles in its small supply of yolk. The reason for this difference
is probably that mammals have inherited developmental tradi-
tions from a series of ancestors which amphioxus never had.
Mammalian cleavage resembles more that of reptiles and birds
than any more primitive ancestors, although birds are obviously
“not in the direet line of mammalian descent. The entire egg
is divided into blastomeres but without the regularity charac-
teristic of amphioxus, and with the result that, instead of a hollow
blastula, an irregular solid mass of cells is formed. Later the
peripheral blastomeres of the germinal mass form a somewhat
distinetive layer, enclosing more spherical central cells (Iig. 106,
I-K). Fluid collects within this mass and a hollow sphere results,
with the cells arranged in two kinds, an outer enveloping sort, the
trophectoderm, which comes into contact with the inner wall of
the uterus where the developing embryo becomes implanted, and
an eccentric tnner cell mass, which is destined to give rise to all
the cells that are to take part directly in the formation of the
embryo.

The “inner mass of cells” beecomes further differentiated into
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ecloderm, and enloderm, the latter enclosing a cavity that may be
regarded as the archenteric cavity.

V. GASTRULATION

In the forms that produce a blastula, the cells at one pole of the
hollow sphere divide oftener, and become more numerous and
erowded than at the other pole. Since they remain in contact
with each other without changing their relative positions to any
great extent, they tend to form a continuous layer that is more
than sufficient to make up the original surface of the sphere.
They are therefore foreed to find a new space to occupy, and this
is accomplished by pushing into the segmentation cavity at the
region of the more slowly growing vegetative pole with the result
that a double eup, or gastrula, is formed (Fig. 106, C). The new
cavity within the inner cup iz termed the archenteron, and its
opening to the exterior, the blastopore. These relations are very
clearly seen in amphioxus but are somewhat obscured in the
amphibian egg where the segmentation cavity is not surrounded
by walls of equal thickness, and a relatively smaller archenteron
comes to occupy an eceentric position (Fig. 106, E).

In reptiles and birds, before the dise of blastomeres has spread
out to envelop the large yolk, there forms at 1ts edge on one side a

crescentic  fold of tissue that

trophectoderm pushes in under the margin of the

enclosed mass dise and produces a potential eav-

ity homologous to the archenteron

of the lower vertebrates, whose

eges are less hampered with yolk
(Fig. 106, H).

The formation of the archen-
teron in the mammalian egg comes
about asalready indicated through
the activity of the peripheral ecells
of the eccentric inner mass that
projects into the segmentation
cavity. These migrate out to
form a layer lining the original
fluid-filled eavity, which now becomes the archenteron (Fig. 107).
As the result of gastrulation the cells are arranged in two layers.
Those of the outer cup, facing the outside, form the ectoderm, and

Fia. 107.—Bilamellar blastocyst of a
mammal. (After van Beneden.)
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those of the inner cup, surrounding the archenteron, the entoderm.
The ectodermal cells are in a position to begin to assume the
sensory functions of the nervous
system, or, in the broad sense,
mediation with the environment,
while the entodermal cells, lining
the primitive food ecanal or ar-
chenteron, take on nutritive ac-
tivities.

VI. RISE OF THE MESO-
DERM

At the eritical junetion between
ectoderm and entoderm, within
the compressed segmentation cav-
ity (Fig. 108), the mesoderm, a
new group of cells with great po-
tentialities, is born. These new
cells 1n  vertebrates proliferate
rapidly into the region that rep-
resents the former segmentation
cavity which has become practi-

Fig. 108.—A, long seetion through
an embryo of a newt, Triten. B,
I-V, cross sections through the
same embryo in the planes indi-
cated in A. H., blastopore; ect.,
ectoderm; eni., entoderm; g.c,
gastral cavity; mes., mesoderm; Fia. 109.—Transverse section of an em-

L gplanchnic
—-———s5omalic

}mﬂ.ﬁﬂd!rﬂ‘l

noto., notochord; som.mes., so- bryo of 2.5 mm, showing on either
matic mesoderm; splmes, side of the medullary canal a meso-
splanchnic mesoderm; b.c., body dermie somite (myotome), with the
cavity. (From Schimkewitsch, intermediate cell mass and wventral
after Eismond.) mesoderm.  (After von Lenhossek.)

cally obliterated by the approximation of the ectodermal and
entodermal walls.
The mesoderm cells form a mass that soon splits apart to form
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a new cavity, the celomic cavity, within the mesoderm itself.
The result is that the mesoderm is separated into two regions of
embryonic tissue, an outer layer, or the somatic mesoderm, next
to the ectoderm, and an inner layer, the splanchnic mesoderm,
next to the entoderm (Fig. 109). The ecelomie eavity thus formed,
with a lining of mesodermal cells on all sides, gives rise to the
future peritoneal eavity, and also, in the higher vertebrates, to
the pericardial and pleural cavities. These general cavities in
the adult are formed from numerous embryonic components.

In amphioxus, for example, the ecelomie cavity is formed rather
as a series of independent paired sacs, or ccelomic pouches, arranged

Fra. 110.—Formation of the neural tube, notochord, and mesoderm in am-
phioxus. A-D, cross sections; F, frontal section. A, differentiation of
a, the medullary plate; d, the notochordal plate; b, the neural folds, and
¢, the mesodermal pouches. B, the neural }nlds have closed across ahove
the medullary plate; the mesodermal pouches have evaginated somewhat:
¢, mesodermal pouches, f, have closed off from the entoderm; D, I'lFl.ll‘ELi
tube, i;', and the notochord, ¢, and the somatic, k, and the splanchnie, I,
mesoderm begin to be evident; FE, segmentally arranged mesodermal
pouches, f, appear. a, medullary plate; b, neural fold; ¢, notochord; d,
notochordal plate; e, mesoderm; f, mesodermal pouches; g, ectoderm; h,
entoderm; ¢, ceelome; j, neural tube; k, somatic mesoderm; I, splanchnic
mesoderm.  (From Parker and Haswell, after Hatschek.) '

along either side of the long axis of the body (Fig, 110). As these
sacs expand, their neighboring walls are pressed into direct contact
with each other. Later the double transverse partitions thus
established break down, and only the longitudinal double walls
remain, forming the mesenteries, dorsal and ventral, that separate
the long body cavity on the right side from that on the left side.
Usually the ventral mesenteries also break down subsequently
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(Fig. 111, H), bringing the ecavities of the two sides into free
communication with each other and leaving only the dorsal
mesenteries. Between the thin approximated walls of the dorsal
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Fra., 111.—A series of eross-seetion diagrams of the I?rl:**-.uih'lm in the chick.
(After Parker and Haswell, )
mesenteries, blood vessels and nerves may extend to and from the
digestive tube.
In a cross section of a developing embryo (Fig. 112), it is pos-
sible to distinguish three general regions of mesoderm which are
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different enough to warrant speeial descriptive terms. They are
(a) the dorsal, or epimeric region, out of which most of the vol-
untary musecles of the body and much of the dermal layer of the
skin develop; (b) the middle, or mesomeric, region, from which the
excretory apparatus of the primitive kidneys comes; and (e) the
ventral, or hypomeric region, that gives rise to mesenteries,
peritoneum, the invol-
i untary muscles of the
' WSS nimesoderm digestive tube, and the
gonads, which produce

& notochord the germ cells.
- mesenchyme In animals that arise
gaorta from eges loaded with
an abundance of yolk,
like the chick, the for-

| Snsoar mation of the body
HERRE o digestive cavity within the meso-
=t~ —jgbody cavily derm does not result,

Y

: i 4 O in amphioxus, from

16, 112.—Diagrammatic cross section through a .: :

dogfish, showing cavity of the myotome still a fusion of a'l double
connected with the body cavity. Wandering row of ecelomie saecs.
mesenchyme ecells are shown migrating from the , ., .
mezoderm to oceupy the spaces between somatic Asalr "HI}, p nmt(l,ii guE
mesoderm and ectoderm on the one hand, and the germinal dise, or

the splanchnic mesoderm and entoderm on the e e
other. (After van Wijhe.) nuc l(.{l- 1 h{,ﬂ'fi.l']"ﬂ.l ters

of the fertilized egg,
undergoes cleavage until a patch of blastomeres is formed on top
of the big yvolk. These pioneer cells and their descendants then
set out to spread over and envelop the entire yvolk. Those on the
outside become the ectoderm, those underneath next the yolk
itself, the entoderm, while between the ectoderm and the entoderm
are the mesodermal cells.

As the mesoderm spreads towards the periphery, it splits into
two layers, the somatic and splanchnic mesoderms, and the
space thus formed between the two layvers 1s the cwcelomie
cavity (Fig. 111, D). In this case, however, the ewlomie cavity
on either side is a continuous space not formed by the fusion
of separate ecwlomie saes, although a series of open pockets,
suggesting ewlomice saes, develops in the mesoderm, like stalls
in a community garage, near the mid-dorsal line of the length-
ening embryo. These are the somites of the epimeric region,
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which are destined later to be transformed largely into body
muscles.

In man, the formation of the early mesoderm is apparently
somewhat different, being precociously formed as a layer in-
side the trophectoderm. The inner cell mass differentiates into
two, in each of which a cavity appears by the confluence of in-
tercellular spaces. The upper one is the amnionic cavity, lined
by embryonie ectoderm, and the lower one is the yolk sae, lined

mucous
- ‘membrane
R T

U uterus
”

Fic. 113.—Showing the origin of the primitive ccelome, the mesoblast, and the
cavity of the amnion, during the development of the human ovum. (From
Kieth, after T. H. Bryce.)

by entoderm (Fig. 113). The ectoderm and entoderm are still

in contact at the region of the primitive streak, from which eriti-

cal junetion the later mesoderm, particularly that of the embryo
itself, arises, much as in all other forms.

VII. EMIGRATION OF THE MESENCHYME

Early in the differentiation of the mesoderm, cells of a new
sort, colleetively known as the mesenchyme (Fig. 111, G, H),
arise from the outside of the somatiec mesoderm and the inside
of the splanchnic mesoderm. These mesenchyme cells emigrate
from the mesoderm layers and take possession of all the re-
maining chinks in the old, partially obliterated segmentation
cavity. At first ameboid in shape and behavior, the mesenchyme
eells, in the course of many cell generations, give rise to a con-
siderable part of the body, including the skeletal and circulatory
tissues. Thus, in a sense, the mesenchyme is the child of the
mesoderm and the grandehild of the entoderm.
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VIII. FORMATION OF THE NERVOUS SYSTEM

With gastrulation and the formation of the archenteron there
begins to be an inerease in size, or growth, accompanied by the
differentiation and establishment of the organs and systems
that constitute the mechanism of the adult animal. One of the
earliest systems to become evident is the nervous system.

Along the dorsal side of the ectoderm the cells begin to mul-
tiply at a greater rate than in the surrounding region, thus form-
ing a thickened band called the newral
plate. The increased mitotie activity in
these cells soon results in the formation
of a groove along the neural plate as the
cells push down into the underlying seg-
mentation eavity. which is undergoing
obliteration by the eneroachment of the
expanding entoderm. This furrow of

Segments
Cul ed

ok Aafmnion
Neural felds

Ay & Neurenleric

w M, canal

Fic. 114.—Dorsal view of
human embryo of 2.11
mm. (Eternod), showing

ectodermal cells, the medullary groove
(IMig. 114), 1s the fore-runner of the central
nervous system. Eventually the medul-
lary groove with its cellular walls 1s com-
pletely buried within the embryvo. Its
edges come together forming the hollow
tube of the nerve cord, and it 1s pinched

the mneural folds still

open. (After Arey.) off entirely from the outside ectoderm

from which it originated. This process
of rapid inpushing growth, resulting in a hollow structure, is
called invagination, and it is a good illustration of the far-reach-
ing principle of wunequal growth in the process of differentiation.
In fact “unequal growth,” unequal in quantity or rate, lies at
the very foundation of many processes of morphogenesis, which
constitute much of the subject matter of embryology.

IX. ORIGIN OF THE NOTOCHORD

At about the time when the cecelomic ecavity is forming by
the splitting of the mesoderm into two layers, the longitudinal
group of cells along the mid-dorsal line of the archenteron, at
least in amphioxus, (Fig. 110, ), is pinched off from the ento-
derm and devoted to the formation of the nofochord. In other
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vertebrates the notochord is derived directlv from ecells in the
region of the lip of the blastopore (Fig. 108).

Around the notochord as a core, the surrounding mesenchyme
cells lay the foundations of the wvertebral column. After the
notochord is isolated from the dorsal wall of the archenteron,
a tissue of secondary entoderm, or entoderm proper, remains,
which is destined to form a major part of the lining of the di-
gestive tube in the adult.

X, ASSEMBLING OF THE DIGESTIVE TUBE

While the ectoderm and mesoderm are assuming their respee-
tive roles in the developing embryo, the entoderm, or lining of

F1a. 115.—Three stages in the process of enveloping the yolk by embryonic
blood vessels. (After von Lenhossek.)

the archenteron, gives rise to the notochord, having laid the

foundation for the future digestive system as indicated in the

preceding paragraph.

In those animals whose eggs are laden with yolk, the yolk sac
forms by the encroachment of the spreading embryonie tissues
which grow around and finally enclose the yolk (Fig. 115). The
nutritive material in this sac thus has direct access by means
of the vitelline, or yolk, blood vessels through the yolk stalk to the
cells lining the archenteron, and in this primitive digestive cavity
it is utilized by the rapidly differentiating embryo. As the con-
tent of the yolk sae¢ diminishes, and the need for an arrange-
ment whereby nutriment may be taken into the growing organ-
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ism from the outside world becomes imminent, the digestive
tube with an inlet at one end and an outlet at the other, 1s formed.
The basis for this compound passage-way for food is that part
of the archenteron which is lined with secondary entoderm
after the notochord is pinched off. This ecavity is supple-
mented at either end by invaginations of the ectoderm that
finally break through from the outside into the eavity of the
archenteron, thus forming a continuous ecanal. The inpushing
of the ectoderm at the anterior end which marks the region of
the mouth, is called the stomodazum, while the eorresponding
ne invagination at the pos-
terior end, which forms
the anal exit of the food
tube, is called the procto-
dewm (Fig. 116). Thus 1t
comes about that food
passing through the ali-
mentary tract first rubs
against walls of ecto-
: dermal origin, then fol-
Fig. 116.—Sagittal section through a toad em- Jows along a major dis-

bryo. ec, ectoderm; g, gut; mes., mesoderm; n : R

notochord; ne, nerve cord; ne, neurenteric tance In contact with

canal; p, proctodeum; s, stomadmeum; y, yolk. entodermal walls where

The entoderm is stippled. (After Gaette.) e '

much of 1t 1s absorbed,
and finally whatever remains passes out surrounded by ectodermal
walls again,

At special points along the alimentary tube certain cells un-
dergo particular differentiation in order to care for the enor-
mous and diversified traffic that is destined to take place along
this important highway. So arise in different vertebrates, lungs,
liver, digestive glands of wvarious sorts, swim bladder, crop,
gizzard, cacal appendages, and other derivatives of the diges-
tive tube.

XI. THE MAJOR CAVITIES

With the passing of the segmentation cavity through the
intrusion of the mesoderm and the mesenchyme and the in-
corporation of the archenteron into the digestive traet, the orig-
inal coelomie eavity, among the mammals at least, becomes
divided into three different sorts of new spaces, namely, the
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pericardial, the peritoneal and pleural ecavities that serve to house

different organs.
The ceelomie cavity becomes divided first

by a double trans-

verse mesodermal wall, the {ransverse septum, into an anterior

and a posterior chamber. The former space
develops into the pericardial cavity containing
the heart, and the latter, into the peritoneal
cavity, or “body eavity” proper, in which
various organs come to lie. In mammals the
mesoderm intrudes between the two walls of
the transverse septum and helps to form a
muscular diaphragm, that aids mechanically in
the process of respiration. The transverse
septum of some fishes does not entirely
separate the pericardial from the peritoneal
cavities, so that communication between the

I I I

B\ I

F1a. 117. — Diagrams
of the evolution of
the major cavities,
¢, ecwlomic cavity;

p, pericardial eavity;

pl, pleural cavity.

(After Gegenbaur.)

two persists throughout life in the form of the so-called pericardio-

peritoneal canal,

THE FATE OF THE GERM LAYERS

Sperm Vum
u /ﬂ

Fertilized Egg
Cleavage

Blastula

Primary Ectoderm <

Notochord HcSmIL rm

Epimeres Mesomeres Hypomeres
Epidermis k Voluntary Periteneum
Gentral Nervous system muscles Mesenleries
Sense Receptors

Gonads
Excretory

‘// TG

Gorium Cin part ) L Involuntary muscles
of digestive tube

anm Entoderm

Tru& Entoderm

Skeleton

Caorium (in part)

Girculatory
system

Ghorda dorsalis system Digestive Epithelium
Liver and Pancreas
Respiratory system

Second, there arises among mammals, in addition to the peri-
cardial and peritoneal ecavities an additional pair of anteriorly
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placed cavities that come to lie on either side of the pericar-
dium. They are the plewral cavilies and eontain the lungs. The
double median wall formed by these two pleural sacs as they
press against each other, is called the mediastinum (Fig. 117).

P 25 days

QJ 32 days

(¥ 35days

@ 40 days
43
@ days

3 months

60 days

Fra. 118.—Outlines of early human embryos, natural size, from 25 to 120 days
of age. (From Arey. The first six stages are after His; the last two, after
Delee.)

XII. THE FATE OF THE GERM LAYERS

It is now possible to review, in seven-league boots, the important
steps by which the germ layers emerge from the fertilized egg, and
to see in dim outline how these pregnant embryonie tissues give
birth to the principal adult tissues and organs that make up the
individual.
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The table on page 163 indieates these steps, but within the con-
fines of a single brief introductory chapter it is necessary to avoid
the many alluring side alleys that entice the embryologist from
the direet pathway, and to be econtent with only a fleeting glance
at the oft repeated marvel of the development and differentiation
of a fertilized egg into an adult individual.

Diagrams of the early stages in the development of the human
embryo are shown in Fig. 118.

XIII. SOMA AND THE GERM LINE

In the long series of mitoses that follow the nitial fertilized
ege, there soon comes a time when the daughter cells resulting
from some particular cell division are no longer identical twins.
They may still have the same kind of chromosomal equipment
as the result of the preceding mitosis, and may be indistinguishable
in appearance, but, as their fu-
ture behavior shows, they have Successive Somaloplasms
come to a fundamental parting
of the ways, for one of the pair
18 now destined to become the Grerm-line
ancestor of the myriad cells that Fic. 119.—Diagram to show how the

. . . ; . . continuous ZFCerIT ].Il'.I.E ZIVES s to sue-
differentiate into various tissues  .assive somas, or individuals.
and organs to form the growing
individual (soma), while the other is fated to be the ancestor of
all the succeeding eggs and sperms (germ line), and so to be charged
with the necessary business of reproducing the species (Fig. 119).

There are some pronounced differences in these two streams of
differentiating cells. The soma becomes the conspicuous thing
which is known as the animal or plant, and is biologically the
guardian of the inconspicuous and less commonly known germ
line. The soma is mortal, for after a time it inevitably breaks
down and dies either a natural or a violent death. The germ
cells, on the other hand, although they may perish with the dying
soma, are potentially immortal, since they form the only biological
bridge across which the spark of life may be borne from one genera-
tion to another in vertebrate animals.

It is quite possible to go backward in imagination step by step,
without a break in the life line of living ecells, from any individual
cell of an adult organism to the fertilized egg from which it eame,
and to see how the material in that fertilized egg was in turn a




166 BIOLOGY OF VERTEBRATES

part of the unbroken series of germ cells that were housed in the
preceding generations of somas, and so on to the very remotest
ancestral source.

The soma, within limits, can maintain and repair itself. The
germ line can not only do that but it ean also give rise to new
somas. This is its mission, to reproduce new individual organisms,
while it is the business of the soma, or the individual, to nourish,
protect, transport, and unite germ lines. Otherwise inevitable
death ends all.

XIV. THE SUCCESSION OF GENERATIONS

The resemblance between individuals of suecessive generations,
which is so conspicuously apparent everywhere, has its explanation

CYTOLOGICAL
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F1a. 120.—Any-side-up diagram of Genetical Seciences. (From the author's
Genelics.)

in the fact that both parent and offspring are somatie expressions
of the same stream of germplasm. That is why “pigs is pigs,”
and chickens hateh out of hens’ eggs. The laws of heredity
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(Genetics), are thus concerned fundamentally with the behavior
of the germ line, and the expression of it in the soma.

There are various ways to get at the matter. In the past it has
been done largely by eomparing points of likeness and difference
in individuals of sueceeding generations of a species. This somatic
method 1s facilitated by the experimental breeding of animals and
plants. During the last quarter century great advance has been
made by such breeding through applying the fundamental prin-
ciple known as “ Mendelism."

Another line of advance is the direet study of the germ line
itself, which has given rise to an inereasing army of biological
specialists, who are concerned with the intimate behavior of
chromosomes, particularly those of germ cells. To them we are
indebted for an expanding body of knowledge about spermato-
genests and oogenesis in animals and plants, or the facts and laws
which concern these germplasmal origins.

A diagrammatic representation of various approaches to the-
science of heredity is shown in Fig. 120.



CHAPTER IX
BIOLOGICAL DISCORDS (PATHOLOGY)

I. THE POINT OF VIEW

One of the chief concerns not only of medical practice and
surgery but of daily life as well, is the repair of biologieal machinery
that has gone wrong. There has been no lack in the past of
guesses and traditions as to the whence and why of bodily ills,
with the result that a vast store of misinformation and hearsay
has accumulated along with the truth. This makes a happy hunt-
ing ground for “ medicine men " and quacks, and is fertile soil for
the production of cure-alls and “patent” medicines. One diffi-
culty with the up-keep of the human machine i1s that, unlike an
automobile, extra parts are not procurable, if false teeth and
wooden legs are excepted.

The secientific study of the causes of biologieal discords (Etiol-
oqy), i1s comparatively recent. In order to succeed in such in-
vestigations 1t 1s necessary to know what 1t 1s that has gone wrong,
and this is the field of Pathology, which forms the basis of every
system of medicine worthy of consideration. Pathology, or the
study of the abnormal, goes hand in hand with Physiology, the
seience which deals with the normal activities of organisms. In
fact it is highly important first to know the normal in order to
understand the abnormal. Both physiology and pathology in
turn depend upon a knowledge of Morphology, or the science of
form and structure, for normal as well as abnormal funetion is
almost always referable to a struetural basis.

II. DEVIATIONS FROM THE NORMAL

The “normal’™ 1s the prevailing type. If nearly all house ecats
were of the tailless Manx variety, a cat with a tail would appear
abnormal, just as the unusual condition of six-fingeredness is
regarded as abnormal simply because most people have only five
fingers, including the thumb, on each hand.

Deviations from the normal frequently turn out to be a handi-
cap to their possessors. The very fact that normality is only

165
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another way of saying that success has been gained in some par-
ticular by a majority of individuals, implies that variations from
the standard have, in all probability, been less successful. Devia-
tions, however, are not always unfortunate. Left-handedness, for
example, is exceptional but is not necessarily a handicap. Devia-
tions from the normal that do handicap the possessor may take
the form of deformities, misplacements, or disturbances, external
or mnternal, that work ill to the organism. Disease itself, which
is the particular provinee of pathology, may be defined broadly
as any departure from the normal standard of structure or function
of a tissue or organ.

There are at least three elementary activities of organisms,
namely, (1) formative, which result in the growth and establish-
ment of struetural parts; (2) mefabolic, which have to do with the
maintenance of the organism; and (3) responsive, which concern
the interplay between the organism and the stimuli that affect
it. Under normal eonditions there is an optimum relation in each
of these three lines of activity. An injury, or a disease, may
upset this optimum balance and cause either a cessation of these
activities (death), or a quantitative or qualitative modification
of one or all of them.

[II. DISTURBANCES THAT WORK ILL

1. Internal Disturbances

Disturbances that work ill to an organism by upsetting the
optimum balance may be internal or external in their origin,
although it is not always easy to determine to which of the two
categories a particular ease belongs.

Although an outline analysis might be carried to much greater
length, only four kinds of probable internal disturbances will be
mentioned, namely, (1) formative disturbances; (2) mechanical in-
terferences; (3) responsive activities; and (4) hereditary handicaps.

A. ForRMATIVE ACTIVITIES

When the complicated activities of growth and differentiation,
to which attention was called in Chapter VIII, are passed in
review, one wonders that so few structural mistakes or accidents
actually oceur. The sueeessful outecome of all embryonie develop-
ment depends constantly upon the precise timing and infallible
performance of each step, because every change and advance is
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conditioned upon what precedes and surrounds it (Fig. 120).
In the orchestra of developing parts a group of cells or an organ
that is out of rhythm, like a blundering kettledrummer, may
throw all the other performers into confusion and change a sym-
phony into ““discord.”

The malformations and monsters which result from dishar-
mony in growth and differentiation, are termed terata, and the
somber science that concerns itself with such morphological
misfits, is called Teratology. Terata may involve the entire in-
dividual, as in the instance of ** Siamese twins "’ of various kinds,
or they may concern only parts of individuals, or organs, as in
such deformities as clubfoot or cleft palate. Finally, abnor-
malities may be simply groups of eells, like tumors, that have
somechow lost step with the advaneing host of correlating parts,
and so fallen into disharmony. Such tumors, or uncodrdinated
members of the cellular state, are termed benign or malign, ac-
cording to the degree and manner in which they encroach upon
or injure surrounding tissues. Malign tumors, such as “can-
cers,” constitute one of the most disastrous disharmonies to
which mankind is subject, and much study and exhaustive re-
search is being directed towards the understanding and control
of these troublesome formative disturbances.

Under the heading of formative disturbances are also to be
included modifications in growth, evidently associated with some-
thing wrong in the behavior of certain regulatory endoerine glands,
as, for example, dwarfism and giantism.

B. MECHANICAL INTERFERENCES

Obstructional disturbances in the nutritional mechanism or
the excretory apparatus, may also work ill to the organism. The
cireulatory system, for example, through which the individual
needs of the cellular state are supplied, may suffer from local
obstructions, blood deficieney, or interferenee with its nerve
supply. When, for any considerable time a part of the body is
deprived of the life-giving stream of food that is carried in the
blood, by hemorrhage, or by such local obstructions as may re-
sult from econgestion, pressure, wounds, or blood clots, there
results a nutritive disturbance. If the siege is not raised even-
tually, starvation and death of the isolated tissues are the out-
come. When such dead parts are exposed to ubiquitous putri-
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factive organisms, gangrene may follow with serious consequences
to the neighboring living tissues, while if there is protection from
such foreign invasion, and the dead tissues are not too extensive,
they finally become absorbed or are sloughed off, and normal
conditions are restored. Interruptions in the stimulative service
of the nerve supply, from paralysis, shoek, or any other interference,
are also the immediate cause of a myriad of nutritional woes.

C. RESPONSIVE ACTIVITIES

By responsive activities are meant such functional disturb-
ances as follow in the wake of internal maladjustments of one
kind and another that interfere with physical performance.
The response to overwork, for example, may cause an increase
in the size and number of the component cells in an organ and
result in Ahypertrophy, or excessive growth. If this response is
called forth to meet a normal physiological emergency, as in the
hypertrophy of the mammary glands during lactation, or of
the uterus in pregnancy, then it is normal and lies outside of
the field of pathology, but if it works ill to its possessor, like
the modified valves and strained walls of the so-called ‘“‘ath-
lete’s heart,” then it becomes pathological.

Atrophy, either degencration or arrest of growth, is an in-
stance of nutritive disturbance that eauses irregularity in the
responsive activities. It usually follows a cessation of funection,
as when the optic nerve atrophies after the loss of an eye, or
when a paralyzed leg or arm wastes away.

D. HereEpiTARY HANDICAPS

Deviations from the normal that lead to disease may be of
two kinds. First, they may be acquired, in a great variety of
ways during the lifetime of the individual; or second, they may
be germinal, that is, inherited from the ancestral streams of germ-
plasm. Blindness, for example, may be acquired by accident
any time before or after birth; or it may be germinal, as in the
case of certain types of ““congenital” eataract that “run in the
family” and are inborn.

In the miscellaneous ecollection of germinal heirlooms that
constitutes our heritage, there are bound to be some things that
we wish we did not have. Ewvery person in this imperfeet world
has at least one such “skeleton in the eloget.” Frequently the
skeleton cannot be suppressed and concealed in a closet, but
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must be painfully carried about in plain sight, like the burden
on the back of Bunyan’s immortal pilgrim,

Diseases as such, particularly bacterial diseases, do not cross
over the tenuous bridge of germ cells which connects one genera-
tion biologically with another. Constitulions and tendencies,
however, that insure the eventual sequenee of disease, are a
part of the hereditary equipment of everyone.

2. External Disturbances

Many of the causes of disturbance, that put the “pathos”
into pathology, have their origin outside the individual in the
form of various environmental factors, of which those described
as thermal, chemical, barometrie, mechanical, and biologieal,
are representative,

A. TauerMaL Facrors

Extreme variations from the normal limits of temperature
to which any organism has become adapted, may result in thermal
disturbances that work ill. Here belong the disastrous sequels
of sealds, burns, and sunstrokes at one extreme, and frosthite
or freezing at the other. The harm done in these disturbances
may take the form of nervous shock, hemorrhage, or necrosis
of the part involved, with subsequent invasion and infection by
destructive bacteria.

B. Cuemican FacTors

Injurious chemical contacts, as in the case of ptomaines and
various poisons Introduced into the digestive tube, cause a vari-
ety of troubles. Painters and lead workers frequently suffer
from lead poisoning, while phosphorus and other deleterious
chemical substances carry particularly unfortunate consequences
to the people who are continually exposed to them.

0. BaAroMmETRIC FacTORS

Deep-sea divers, mountain elimbers, and aviators, who depart
from the barometric environment to which they are normally
attuned, harvest a erop of pathological protests as a result, and
men in deep mines, or those engaged in tunnel eonstruction
who are forced to work for hours under abnormal atmospherie
pressure, may acquire “caisson disease,” which manifests itself
in paralysis of the legs, profuse bleeding from the nose, ears and
mouth, and in apoplexy.

¥
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D. MecHanicaL Facrors

Outside mechanical agencies may bring about sudden in-
juries, or wounds, of varying degrees of seriousness from mere
scratches to extensive disasters that include the destruction of
so much of the body as to imperil life itself. The power to re-
pair wounds of any kind varies greatly in young and old. In
tissues that are comparatively undifferentiated it is greater than
in those that have attained a considerable differentiation. The
response of the body In repairing wounds, involving behavior
of the cellular units concerned, is of particular interest to the
pathologist.

Mechanical factors, instead of causing sudden wounds in the
organism, may take the form of irritants that work more slowly
and insidiously. Cancer of the lip, for instance, is said to be
more frequent in the case of pipe smokers, who have subjected
themselves for a considerable time to the local mechanieal ir-
ritation of a pipestem, than among non-smokers.

Many oceupations that involve the inhaling of irritating dust
particles, like handling coal, threshing grain, cutting stone, and
polishing steel, have characteristic disease manifestations as
a consequence of mechanical irritants acting upon the respira-
tory machinery.

E. BrovoGicar Facrors

There are three general kinds of parasites that may attack other
organisms and upset their normal course of living. They are
(a) pathogenic bacteria; (b) pathogenic protozoa; and (¢) a hetero-
geneous group of larger parasites, including certain worms, insects
and other harassing forms, that prey upon their betters.

The pathogenic bacteria are microscopic plants that cause
such diseases as tuberculosis, cholera, diphtheria, tetanus, anthrax,
and typhoid. The harm they do isrusually the result of toxins,
or poisons, which they set free in the tissues of their hosts during
the course of their own metabolic processes, or when they die.
They may, however, by sheer numbers resulting from their prodi-
gious powers of multiplication, either plug up the capillaries in
which they swarm, so that the cireulation is impeded or prevented,
as in anthrax, or they may induce the formation of a bulky mass
that acts like a strangling gag upon their vietim, as in diphtheria,
or “‘membranous croup,” as it was formerly called.
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Beginning with Pasteur and Lister within the memory of people
now living, the science of Bacleriology, which has to do with these
minute foes of mankind, has so increased in importance and
achievement that it has become indispensable in all modern medi-
cine and surgery. There is no doubt that the future will see still
greater triumphs and conquests in this fertile field of human
endeavor.

The science of Profozoilogy, with its wide application to the con-
trol of diseases induced by pathogenic one-celled animals, has
lagged somewhat behind the twin science of bacteriology, partly
because the technique involved in obtaining pure cultures of or-
ganisms for accurate experimentation is more difficult. Neverthe-
less, much has been learned already, and greater discoveries and
successes in this field surely await the investigator just around the
corner. Many diseases are caused by protozoan parasites which
infest the blood of their hosts, for example, malaria and the “sleep-
ing sickness’ of Africa, while the troubles following in the train
of amebic dysentery are an instance of the consequences caused
by protozoan highwaymen that infest the digestive canal.

Parasitology in general, out of which the flourishing young
seiences of bacteriology and pathogenic protozodélogy have sprung,
is now usually eoncerned with the larger parasites, like tapeworms,
flukes, hookworms, and other worms, that take up their domicile
in the bodies of their hosts, or such external visitors as ticks,
lice, and fleas which Mark Twain said keep a dog “from think-
ing about being a dog.”

IV. SOURCES OF PATHOLOGICAL KNOWLEDGE

A knowledge of the facts of pathology, which is contribut-
ing daily to the alleviation of abnormal conditions, is gained
principally through eclinics, autopsies, physiological and micro-
pathological research, comparative pathology, and animal experi-
mentation. Clinies include bedside experiences gained by actual
observation of the abnormal conditions exhibited by the patient.
Autopsies are post-mortem examinations of biological clocks that
have stopped, in order to find out what has gone wrong with the
machinery.  Micropathological research iz directed toward an in-
timate understanding of the behavior and appearance of cellular
units when under abnormal conditions. It includes not only
Pathological Huistology, but also bacteriology and Pathological
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Protozodlogy. Comparative Pathology recognizes the faet that
even with human pathology as the objective, much is gained by
an indireet method of approach through other members of the
animal kingdom. Man is too complex a mechanism to be under-
stood at once without some preliminary acquaintance with the
simpler mechanisms of animal life. Moreover, pathology is much
more than the science of human ills. 1t is a field of study in itself,
fertile enough to promise rewards to the student of pure seience
whose eves are not necessarily fixed on immediate utility. Animal
experimentalion has made possible not only a knowledge of the
facts and prineciples of pathology, but has also eleared the way for
the diagnosis and control of the pathological disturbances that
beset mankind. Without recourse to animal experimentation
the triumphs of modern medicine could never have come about.

[t is unfortunate that the word ““vivisection’ in this connection
has become such a bogey, for it has caused many people to remain
uninformed or misinformed about a wvery important subject.
The truth of the matter is well stated by Dr. W. W. Keen in a
pamphlet entitled What Vivisection has Done for Humanity (1910),
the concluding paragraphs of which are here quoted. ‘The
alleged atrocities so vividly deseribed in antivivisection literature
are fine instances of ‘ yellow journalism,” and the quotations from
medieal men are often misleading. Thus, Sir Frederick Treves,
the eminent English surgeon, is quoted as an opponent of
vivisection in general. In spite of a denial published seven years
ago the guotation still does frequent duty. 1 know personally
and intimately Horsley, Farrier, Carrel, Crile, Cushing, and
others, and I do not know men who are kinder or more lovable.
That they would be guilty of deliberate eruelty I would no more
believe than that myv own brother would have been.

" Moreover, I have seen their experiments and can vouch per-
sonally for the fact that they give to these animals exactly the
same care that 1 do to a human being. Were it otherwise their
experiments would fail and utterly diseredit them. Whenever an
operation would be painful, an an®sthetic is always given. This
is dietated not only by humanity, but by two other valid considera-
tions; first, long and delicate operations cannot be done properly
on a struggling, fighting animal any more than they eould be done
on a struggling, fighting human being, and so again their experi-
ments would be failures; and second, should anyone try an ex-
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periment without giving ether he would soon discover that dogs
have teeth and eats have claws. Moreover, it will surprise many
of my readers to learn that of the total number of experiments
done in one year in England, 979; were hypodermie injections
and only 39 could be called painful!

“‘If anyone will read the report of the recent British Royal
Commission on Vivisection he would find,” savs Lord Cromer,
‘that there was not a single case of extreme or unnecessary cruelty
brought forward by the Antivivisection Society which did not
hopelessly break down under eross-examination.’

“In view of what I have written above—and many times as
much could be added—is it any wonder that 1 believe it to be a
common sense, a scientifie, a moral and a Christian duty to pro-
mote experimental research? To hinder it, and still more to
stop it, would be a erime against the human race itself, and also
against animals, which have benefited almost as much as man
from these experiments.

“What do our antivivisection friends propose as a substitute?
Nothing except clinical, that is, bedside—and post-mortem ob-
servations. These have been in use for two thousand years and
have not given us results to be eompared for a moment with the
results gained by experimental research in the last fifty, or even
the last twenty-five years.

“ Finally, compare what the friends and foes of research have
done within my own professional lifetime. The friends of re-
search have given us antiseptic surgery and its wonderful results
in every region and organ of the body; have abolished lockjaw,
bloodpoisoning, erysipelas, hvdrophobia, yellow fever; have
taught us how to make maternity almost absolutely safe; how to
reduce the mortality of diphtheria and cerebro-spinal meningitis
to one-fourth and one-third of their former death rate, and have
saved thousands of the lower animals from their own special dis-
eases.

“ What have the foes of research done for humanity? Held meet-
ings, called the friends of research many bad names and spread
many false and misleading statements. Not one disease has been
abolished, not one has had its mortality lessened, not a single
human life has been saved by anything they have done. On the
contrary, had they had their way, puerperal fever and the other
hideous diseases named above, and many others, would still be
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stalking through the world, slaying young and old, right and
left—and the antivivisectionists would rightly be charged with
this cruel result.”

V. THE CONTROL OF DISEASE

In the earlier days of human ignorance, disease was regarded
as due to the presence of evil spirits, and cures were supposed
to be effected when these malign visitors were properly exor-
cised by some conjurer or medicine man.

Although the conjurer in various guises still trades upon su-
perstition and ignorance, the modern controller of disease has
come to recognize that all methods of healing, almost without
exception, resolve themselves simply into extensions of the
natural phenomena of growth and repair that are inherent in
the patient. For example, it has been found that by injeeting
dead cultures of the causal agents into subjects infected with
a pathogenic organism, there is produced in the body fluids a
substance (opsinin) which apparently in favorable conditions
unites with the living causal bacteria, and so sensitizes them
that they are readily taken up and destroyed by the phagocy-
tic cells of the tissues. The afflicted body, therefore, cures it-
self whenever a cure is effeected, and frequently nearly all that
the modern “medicine man’ can do is to intelligently direct
the efforts of the body in its task of restoring normal conditions.

Three general directions in modern attempts to control dis-
ease may be pointed out, namely, by curative, preventive, and
ereative medicine.

Curative medicine, finding itself in a world of disease and disas-
ter, sets out to heal the sick and to bind up the wounds of the
injured. It has assumed a colossal task, and, like the good Sa-
maritan that it is, has gone about the business with noble devo-
tion and Increasing sucecess.

Preventive medicine, on the other hand, seeks to forestall trou-
ble. For example, by vaeccination diseases like smallpox are
prevented, and by means of antitoxins the poison of invading
germs, like that of diphtheria, is counterbalanced and rendered
innocuous. Thus, protective immunity against disease is ae-
complished through the use of vaecines, antitoxins, opsonins,
endocerine extracts, and other resources of the baeteriologist
and the physiological chemist.
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Crealive medicine, which at present i1s hardly more than a
dream, takes a long look ahead and attempts to prevent the ab-
normal with all its disastrous chain of consequences, by seeing
to it that, as far as possible, only the normal are born into the
world. This is the hopeful field of FKugenics, which secks to
lessen and prevent disease by providing an hereditary equip-
ment, able to maintain itself triumphantly harmonious in the
face of besetting discords.

All of these lines of possible betterment must advance through
the frontier land of pathology, hence its importance in the sur-
vey of things biological.



PART TWO

THE MECHANISM OF METABOLISM AND
REPRODUCTION

CHAPTER X
A JACK OF ALL TRADES (THE INTEGUMENT)

I. IN GENERAL

In making a study of the structures of the body it is fitting
to begin with the integument because, like the wrappings around
a parcel, 1t is the first part to be encountered in an examination
of any animal. It 1s, however, much more than a mere wrap-
ping enclosing organs within, for it is in itself an “organ,” just
as definitely as i1s the liver, heart, or brain, and as a matter of
fact, it is a very versatile organ serving a great variety of pur-
poses,

The integument may be deseribed as a eompound organ. Mor-
phologically it 1s compound because it is structurally double,
being made up of epidermis and corium. Embryologically its
compound character is indicated by its derivation from two
separate germ layers, namely the ectoderm from which the epi-
dermis arises, and the somatic mesoderm, from which comes the
corium (Fig. 112). Physiologically the integument 1s a versa-
tile organ, sinece it performs a wide range of functions and is
consequently comparable to a “jack of all trades.”

The vertebrate integument consists of the skin and its deriv-
atives. The outside of the body, including even the exposed
surfaces of the eyeballs, is entirely clothed with integument.
At the nose, mouth, anus, and genital openings it passes over
into a related tissue, the mucous membrane, which lines pas-
sage-ways. Tissues composing the integument are more or less
stratified into layers. The adaptations exhibited by the out-
side layers which face the environing world, are very different
from those of the deeper layers which are necessarily more in-
fluenced by underlying organs than by outside surroundings.

179
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II. USES OF THE INTEGUMENT

Among the various uses for which the structure of the in-
tegument is adapted in different animals, are the following:
(1) protection; (2) reserve food storage; (3) heat regulation;
(4) sensation; (5) excretion; (6) secretion; (7) respiration; (8)
locomotion; (9) sexual seleetion; and (10) reproduction,

1. Protection

Four aspects of the protective funetion of the integument may
be mentioned. First, it shields the animal body against mechan-
ical injuries which may result from pressure, frietion or blows
of various sorts. Like any other wrapper, the primary function
of which is to protect the enclosed parts, the vertebrate integ-
ument is admirably adapted for this purpose, since it is typi-
cally closely woven in texture, and resistant, while at the same
time it is pliable and elastic so that it tends to “give” under
mechanical stress rather than to rupture or break away.

In addition to the enveloping skin itself, most animals are
equipped with protective integumentary modifications of some
kind, such as secales, bony plates, feathers, hair, or cushions of
fat which aid in minimizing the effects of blows and injurious
contacts of various kinds. Invertebrates, such as crustaceans
and molluses, are conspicuously fortified by exoskeletons against
an unfriendly world, while turtles, armadillos, alligators and
porcupines are noteworthy instances among vertebrates of ani-
mals that go forth, like armored knights of old, well clad to re-
sist the blows of their adversaries.

Second, the integument protects the body against foreign
substances.  Whenever skin infection from any foreign source
oceurs, it is usually through some break, however slight, in the
protective integument. So long as the skin remains whole it
is practically germ proof.

Cleaning the skin of whatever undesirable things may stick
to it, usually accomplished by civilized man with soap and water,
is managed by the unsaponified relatives of man in a variety of
ways. The production of mucus over the skin of certain fishes
and amphibians, for example, makes a constantly removable jacket
which, in sloughing off, carries foreign aceretions with it. In
various ways also the outermost dead layers of the skin, with
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such epidermal structures as hair and feathers, are periodically
cast off. When a snake “sheds its skin,” although only the
outermost part of the epidermis is involved, it emerges bodily
clean from the gauzy corneal envelope which it leaves behind
like a soiled garment.

Third, the skin proteets the body from excessive loss of moisture.
This is very important sinee in living tissues water plays a major
role. The protoplasm in every cell must retain a certain de-
gree of fluidity or it dries up and dies. Moreover, water 1s the
basis for all internal transport of material, as well as the great
chemical solvent of the substances to be transported. These
precious underground waters of the bodv are conserved very
largely by means of the waterproof blanket of the integument.
Its impervious character serves not only to retain moisture
within but to keep out an unregulated amount of water in the
case of submerged animals such as fishes, whose more delicate
underlying tissues would become water-soaked without such
protection.

Fourth, the skin or integument acts as an organ of protec-
tion in all those animals exhibiting ** protective coloration,” whereby
some degree of invisibility, and consequent escape from enemies,
is secured by eclose resemblance to the surroundings. So-called
“warning colors,” like the conspicuous black and white mark-
ings of a skunk, which serve as ““hands off " signals to their pos-
sessors, are similarly integumentary modifications, protective
in funetion.

2. Reserve Food Storage

In the deeper subcutancous layers of the skin, reserve food
in the form of fat is stored, to be drawn upon, like a savings-
bank account, in times of need. The manner of itg irregular
distribution in eushions and pads constitutes the basis of those
contours in ‘“the outward form and feature” that have pleased
the eye of artists from time immemorial, and suggests an ana-
tomical reason for the familiar phrase, “beauty is only skin deep.”

In man this stored subdermal fat may constitute as much
as 2097 of the entire weight of the body. In whales and seals
it forms an extensive blanket of considerable thickness, called
blubber, that not only serves as food storage, but also acts as a
non-conducting retainer of body heat.



182 BIOLOGY OF VERTEBRATES

3. Heat Regulation

Heat is being constantly generated by the oxidation of tis-
sues within the animal body. Coming faster from soft parts
like musecles than from hard parts like skeletal organs, it is dis-
tributed and equalized by the flowing blood which permeates
nearly every part of the body, so that in “ warm-blooded ' animals,
a practically constant temperature is maintained. From such an
animal, heat 13 lost in three ways, with the expired breath, with
the exereta, and from the skin.

Every warm breath carries away a certain amount of body
heat, for cold air that i1s drawn into the lungs 1s warmed at the
expense of the body before it is expired. The excreta, both urine
and feces, are kept at body temperature until expulsion, when
therewith a loss of heat oceurs. Perhaps nine-tenths of the heat
loss, of a warm-blooded animal like a mammal, however, is through
the skin. Heat regulation 1s consequently very largely an integ-
umental funetion.

The skin effects the regulation of heat loss in two ways, one
physiological, the other physical. Physiological regulation is
brought about by the expansion or relaxation and contraction
of the skin and of the walls of the eapillaries contained therein.
In cold air the skin tends to contract, sometimes to the point
of forming “goose flesh,” and consequently the capillaries car-
rying the warm blood are buried somewhat from the surface
and are contracted to a smaller size. The amount and degree to
which the cireulating blood is exposed is thus diminished and there
1s a lessened loss of heat. In warm air the skin relaxes, the capil-
laries are more exposed and their walls more expanded so that
there results a greater opportunity for the loss of heat.

Physical regulation is accomplished by the evaporation of
sweat which is constantly being exereted from the mammalian
skin, even though it does not always appear as visible drops.
Heat 1s always required in the physical process of changing a
liquid into a gas. In the evaporation of sweat the necessary
heat is abstracted from the skin and thus lost from the body.
Heat loss from the body is further controlled by the faet that
parts of the integument, like the blubber of the whale, serve as
a non-condueting blanket to hold in the heat.

In birds the dissipation of heat is regulated through a cover-

e
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ing of adjustable feathers by means of which a blanket of warmed
air may be retained next the skin. The same thing is accom-
plished in the case of civilized man by means of elothing, which
in reality is nothing more than an extra layer of non-conducting,
artificial integument added to that which nature has provided.

4, Sensation

The most universal of all the senses, the great confirmatory
sense of fouch, has its receptors located in the skin. The allied
sensations of pressure and temperature are also referable to in-
tegumental nerve endings, while even the chemiecal sense organs
of taste and smell, which occupy the neighboring mucous mem-
branes of the nose and mouth cavity in higher forms, are still
found on the outside of the body in the skin of the lower aqua-
tic vertebrates.

L]

5. Excretion

In mammals the sweat glands supplement the kidneys in re-
moving waste products from the blood. Each sweat gland in
the skin, with its accompanying eapillary, is a complete kidney
apparatus in miniature. Whenever the activity of the sweat
glands is accelerated by exercise, heat, or diuretic drugs, there
is less work for the kidneys to do.

6. Secretion

The mammary glands more than any others mark the skin
as an organ of secretion. There are also present in the mamma-
lian skin, associated with hairs, a great number of sebaceous, or
oil glands, that are seeretory in function.

Other instances of the integument as an organ of secretion,
particularly among the invertebrates, could be given, such as
the “ecrust,” or exoskeleton, of the Crustacea, which 1s a secre-
tion of the hypodermis, or skin.

7. Respiration

Among the amphibians the skin accomplishes to a remarkable
degree the exchange of gases which constitutes respiration. The
cutaneous arteries supplying the skin of a frog, for example, are
larger than the pulmonary arteries that go to the lungs.

(Giills may be regarded morphologically as extensions of the
skin, and the trachex, or breathing tubes of inseets, also come
under the head of integumental structures.
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8. Locomotion

In the great and diversified group of Arthropoda, which in-
cludes much over half of all known kinds of animals, locomotion is
accomplished by means of lever-like appendages, the actuating
muscles of which are attached to the integumentary exoskele-
ton. The wings of insects are entirely integumentary.

Among vertebrates the wing and tail feathers of birds, that
are essential to flight, are also integumentary in origin. The
skin takes conspicuous part too in the wings of bats, and the
flying mechanism of all parachuting animals, such as flving squir-
rels, flying lemurs and the “flying dragon” of India (Draco),
as well as in the wings of the extinet Pterodactyls, which had
skin stretched between the little finger and the sides of the body.
Animals with webbed feet like ducks and frogs depend upon
skin between their toes to malke the paddles that propel them
through the water.

9. Sexual Selection

Among higher animals, particularly birds, there is frequently
a marked difference in the appearance of the sexes, due usually
to integumentary modifications in the color or form of the skin.
Darwin’s “Theory of Sexual Seleection,” was brought forward
as an explanation of these differences. Briefly, according to
this theory, a rivalry exists between males for the possession of
their mates. Those males that make the best showing, that
is, those performing the most convineing antics or presenting
the most attractive integument before the eritical females, be-
come the sueccessful suitors and leave descendants which carry on
their winning features. Although the theory of sexual selection
has been greatly ecriticized, its validity or non-validity does not
affect the faect that many conspicuous distinetions between the
sexes, whatever their use may be, are integumental in character,
Odors also, of various kinds, arising from glands located in the skin,
serve as excitants in the sexual behavior of different animals.

10. Reproduction
Among insects the copulatory organs, which are employed in
reproduction, are almost entirely integumentary in origin,  While
this 13 not true of vertebrates, integumentary contact and the
skin odors already mentioned both play an important sensory
role in the mating behavior of various higher animals.
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III. THE HUMAN SKIN

1. Macroscopic

The human skin as a whole conforms to the underlying parts
of the body as a continuous organ. It is interrupted only at the
ends of the alimentary canal, where it extends inward as mucous
membrane, and at the openings of the reproductive and excretory

Fia. 121.—A Hottentot, showing the wrinkled skin of old age, and kinky hair,
(After Martin.)

organs. Its smooth expanse is diversified by a few noteworthy
elevations and depressions, for example, as it is stretched over the
cartilaginous framework of the external ear, and as it descends
into the ear passage itself. The innumerable tiny pits which appear
whenever there are emerging hairs or openings of sweat glands,
are microscopic depressions in the skin that do not entirely pene-
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trate it or in any way interrupt its continuity. The eyelids are
composed principally of conspicuous folds of skin, while a great
number of wrinkles and ereases, particularly around the joints,
aid in accommodating the elastic integument to changing contours.
In old age the skin frequently exhibits wrinkles because it does
not shrink as rapidly as the underlying muscles do in the process
of diminishing repair attendant upon advancing years (Fig. 121).

The skin is thinnest where it passes over the exposed part of
the eyeball. It is so thin and translucent in the eyelids that it
is even possible to perceive light through three layers of skin at
once, for, when one turns
closed eyves towards a
brilliant light, the differ-
ence between light and
VITREOUS darkness may easily be
Sl distinguished through the
conjunctiva that passes
over the cornea and the
double fold that consti-
tutes the eyvelid (Fig. 122).

The thickest region of
the skin is on the soles
~CONJUNCTIVA of the feet. The natural

Fra. 122.—Diagram of the econjunetiva of the thickness may be in-
eve, showing its continuity with the skin rie ; SRS
the double fold of the eyelid. c.m, ciliary creased }W use, as 15 re-
muscle; e, eciliary ligament; a.c, anterior peate d 1 v demonstrated
chamber: p.c, posterior chamber; M., Mei-

: by corns, callouses and

bomian gland; e, evelash; R, retina. - ; )
other local thickenings,

wherever there is continued execessive friction or contact, as in the
soles of the habitually unshod. Aecording to Lamarck, the thick-
ened skin on the sole of a baby’s foot is inherited from ancestors
who acquired it while walking up and down the earth. This is by
no means, however, the only possible, or the most plausible ex-
planation. Mud puppies (Necturus) likewise have the thickest
skin on the soles. Since these primitive salamanders live always
in water, they do not “use” the soles of their feet, nor is it likely
that any of their ancestors have done so. Obviously there must
be another reason for the differentiation in skin thickness on the
soles of the feet.

According to Rauber the area of a typical adult human skin
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is about 1.6 square meters, or approximately five feet square.
This fact is instructive when it is remembered that certain func-
tions of the skin, as an organ of excretion or respiration, for ex-
ample, depend upon its expanse.

The weight of the human skin, with the subeutaneous fat re-
moved, as determined in autopsies, is stated by Bischoff to be
3,175 grams for a female twenty-two years old, and 4,850 grams
for a male thirty-three years old, or approximately from 7 to
10.7 1bs,

The color of the skin depends upon two factors, namely, its
translucency, which permits the underlying ecapillaries to show
through, as in blushing, and the presence of pigments. These
pigments, of which there are yellow, black, and red kinds, are all
present in varying proportions in the different races of mankind
except albinos, and even in a single individual are unequal in
their distribution, being deeper on exposed parts of the skin, and
around the axillse, nipples, and genitalia. The color of the skin
varies also with age, from pink babyhood to yellow old age.

2. Microscopic

Although the two fundamental layers of the skin, the epidermis
and corium or derma, lie against each other in intimate contact,
vet they have quite different origins, modifications, and uses.

A. EpPIDERMIS :

From the beginning the epidermis, which is derived from the
embryonie ectoderm, is the outermost investment of the body.
Its most important component is the deepest laver of cells next
the corium, because these cells, with remarkable reproductive
energy and persistence, produce not only the entire epidermis, but
also such accompanying accessory modifications as hair and nails.
This germinative layver has been ealled the Malpighian layer (Fig.
123), in honor of Marecello Malpighi (1628-1694), who first pointed
out 1ts significance, thereby erecting to his name a monument
far more enduring than an isolated mausoleum or marble shaft.

The progeny arising from the successive divisions of the parent
Malpighian cells, are gradually modified while they are being
crowded toward the exposed surface of the skin. The cell walls
become somewhat thicker, the nuclei break down, accompanied by
a series of chemieal changes in the substance of the cell itself,
the body of the cell flattens, and eventually only a dead trans-
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formed remnant remains, like the collapsed skin of a grape after
the pulp has been squeezed out. The squamous husks of the dead
cells thus formed are constantly breaking free from the underlying
cells and being shed, while a continual renewal from below 1s
maintained from the base line of the Malpighian layer. Sometimes
when the skin “peels” after sunburn, the dead epidermal cells
hang together in sheets and strips, and are shed somewhat in the
manner that a snake ““sheds 1ts skin.”

This dead outer layer is called the corneum, the chief constituent
of which is keratin. The region between it and the living Mal-

Epidermi

e e
- o _;..%_’5;_2 ~.—._=8  Subculaneous

F1c. 123.—Diagram of the skin, showing how the Malpighian layer gives rise
to the superimposed layers of the epidermis.

pighian cells below is eharacterized in certain areas of the body by
the insertion of two transitional “layers,” termed the stratum
granulosum and the stratum lucidum. The stratum granulosum
is best seen on the soles of the feet and the palms of the hands,
where cross sections of the skin show it to be two or three cells
in thickness next the Malpighian eells. It is called *‘ granulosum
because, upon the breakdown of the nuclei, Lerato-hyalin (Wal-
deyer) granules are formed, which give it an appearance of greater
density.

The apparently homogeneous stratum luecidum, which lies just
outside the stratum granulosum and is derived from it, owes its
semi-transparency and comparative resistance to all ordinary
stains to the fact that the kerato-hyalin, coming from the stratum
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granulosum, changes into a different chemieal compound called
eletdin (Ranvier). The stratum lucidum is usually wanting except
where the skin is particularly thick, but it reaches a conspicuous
development in the nails which it prineipally composes.

The stratum corneum, together with the intermediate strata,
lucidum and granulosum, when present, furnishes a buffer between
the delicate living cells of the Malpighian layer and the outside
world.

Only in exceptional cases do blood vessels penetrate the epider-
mis, so that whatever food it receives must be passed to it os-
motically from neighboring dermal eapillaries. This helps to
explain why a Malpighian cell becomes more and more dead the
farther away it lies from the corium.

Sensory nerve endings, except those of the most undifferentiated
character, do not ordinarily extend into the spaces between epi-
dermal ecells, so that stimuli which affect the body must reach the
deeper-lying nerve endings of the corium through the protective
barrier of the epidermis.

Skin pigment is usually located in the Malpighian layer of the
epidermis.

B. CoriuMm

The corium, or the distinetive part of the vertebrate skin, is a
connective tissue network consisting of cells and fibers produced
by eells felted together. It underlies the superficial epidermis and
1s many times thicker. When leather is tanned the corium is
the part of the skin that is utilized.

Many structures are embedded in the corium, for example,
capillaries, lymph vessels, nerve endings, dermal sense organs,
migrating pigment cells, deposits of fat and glyeogen, smooth
muscle fibers, sweat glands, sebaceous glands, and hairs.

Beneath the corium and transitional with its deeper layers is
the subcutaneous layer. It is characterized particularly by the
inclusion of masses of soft, fat cells and by the looser weave of
the felted reticulum, which allows greater freedom of motion to
the underlying museles. Some of the fibers of the subeutaneous
region interlace with the fibers composing the connective-tissue
sheaths surrounding the musecles, thus fastening the skin down, as
it were, more firmly. This is demonstrated better in the palm
than over the back of the hand where the skin is looser.
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In regions of the body, such as the finger tips, that are much in
contact with things, the outer part of the corium next the epider-
mis is thrown up into rows of tiny projections, or papilliz, that
form ridges (Fig. 124). It is customary, consequently, to speak
of the papillary layer of the corium. The roughened papillary
layer perhaps helps to hold the corium and the epidermis together
at points on the skin where friction or pressure is frequently ap-

Fic. 124.—Diagram showing some of the details of friction skin. The ridges
on the surface are penetrated by the pores of the sweat glands, which lie
coiled up in the corium below. Two sensory papille are shown. SP,
sweat pores; C'L, corneal layer of epidermis; ML, Malpighian layer of
epidermis; ', corium; N, nerve of touch. (After Wilder and Wentworth.)

plied, for the epidermis dovetails intimately into the minute hills
and valleys formed by the papille.

There are two sorts of papille in this outside layer, namely,
nulritive and sensory, the former containing a capillary knot, the
latter occupied by a sensory nerve ending. It is possible to dis-
tinguish these two kinds of papille in the finger tips experimentally
by patient manipulation with a very fine needle. When a nutritive
papilla is punctured there is no particular pain although a tiny
drop of blood may appear. When a sensory papilla is pricked no
blood flows but pain is felt.

Whenever papille are present it is possible to distinguish three
“layers” in the corium, which shade imperceptibly into each
other, namely, papillary, reticular, and subcutaneous.

3. Embryonic

As already indicated, the human skin as well as the verte-
brate skin in general has a double embryonic origin. The epi-
dermis, which is the primary component, arises from that part

=g
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of the ectoderm remaining after the medullary tube, that forms
the central nervous system, has migrated in from the outside
by invagination. It consists at first of a single layer of ecto-
dermal cells which soon gives rise to the epilrichium (Fig. 125),
a delicate outer layer of somewhat enlarged cells that take cer-
tain stains distinctively and thus show a specifie character.
Corneal ecells, derived from the Malpighian layer, soon appear
under the epitrichium until, at the age of about three months
in the human embryo, the epidermis
of the fetus has become three or
four layers deep. About the fifth 2
month, when embryonic hairs begin ;===
to emerge from the skin, the gauzy T %
epitrichium is shed from the entire F’:;l ﬁf‘[}r}_ﬁﬁ‘;{g’r‘;‘mﬁ‘ﬁlfafh?i
body, except the palms and soles, jrregular dark outer layer is the
and is never renewed. The name epitrichium. ¢, epidermis; ¢,
“epitrichium ™ (epi, upon; trichium, e
hair) signifies that it temporarily rests upon the tips of the
budding hairs. A more inclusive term for this evanescent
embryonic mantle is periderm (peri, around; derm, skin), since
it is also present as a part of the embryonic skin of reptiles and
birds where there are no hairs for it to rest upon.

The corium comes from cells of the somatic mesoderm and
the mesenchyme, and is secondarily wedded to the epidermis,
which it eventually exceeds many times in thickness.

IV. COMPARATIVE ANATOMY OF THE INTEGUMENT
1. Invertebrate Integuments

The tiny bodies of the protozoa are without a true integument,
although even in Ameba there is a clearer marginal area, the ecto-
plasm, which 1s different from the more granular mner part, or
endoplasm of the cell.

In other invertebrates, that expose a cellular covering to the
outside world, the integument is entirely ectodermal in origin,
the mesodermal component being absent. No one has ever
heard of leather being made from any backboneless animal, for
leather 18 manufactured from the mesodermal (corium) part
of vertebrate skin, and there is no such thing as invertebrate
COTIUI,
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The simple invertebrate skin is called hypodermis, in dis-
tinction to the epidermis and corium of the compound verte-
brate skin. The hypodermis may consist of but a single layer
of cells of flat epithelium, as in sponges and many ecelenterates;
of columnar epithelium, as in worms generally (Fig. 126); or

B

Fia, 126.—A section thmugh the skin of an earthworm. e, euticle, secreted
by the hypodermal cells; H, hypodermis; M, museles. (After Schneider.)

of eciliated epithelium, as in flatworms. Sensory and gland cells
of various kinds may be interspersed between the other ecells
of the hypodermis, and so be in a position to come into relation
with the environment. Frequently the hypodermis seeretes a
more resistant outer coat of chitinous, limy, or other substance,
that is not in itself cellular but which comes to constitute an in-
tegumental exoskeleton.  This i1s particularly the ecase with
arthropods and molluses. As the body inereases in size within
such an unyielding, integumentary armor, it becomes necessary
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Fra. 128.—Section of
skin of amphioxus.

Fia. Section ti1:u11gl1 ths? m.:.nllv :Jf a cu, cuticle; eo, co-
tunicate, Phallusia. The wandering mes- rium; ¢, epidermis;
enchyme cells secrete the intercellular m, muscle. (After
tuntcin. (After O. Hertwig.) Haller.)

for the hypodermis to loosen periodically and to cast off the dead
unaccommodating, secreted envelope, renewing it on a larger
scale. Reminders of this process of eedysis, or “moulting the
skin,” typical among arthropods, still persist even among verte-
brates in the various ways in which dead corneal cells are sloughed
off from the epidermis,
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Molluses, unlike arthropods, do not undergo ecdysis, but
retain, with unfortunate parsimony, the exoskeletal shell se-
creted by the hypodermis, until they become so weighted down,
by adding layer after layver, that locomotion is difficult and sen-
sation largely superfluous. Eventually sedentary contentment
and degeneration take the place of the natural evolutionary
consequences of a more active and explorative existence.

2. Tunicates

Among aseidians or tunicates, which occupy a border-land
position between vertebrates and invertebrates, the epidermis
is much like the hypodermis of lower forms, because of its power
to secrete non-cellular material (Fig. 127). The substance se-
creted is called tunicin, and it 1s not encountered elsewhere in
the animal kingdom, although a chemi-
cally similar substance, cellulose, is a com-
mon constituent of plant tissues. Into
the tunicin matrix thus secreted, along
with blood vessels and nerves, wander-
ing, irregular, mesenchyme cells pene- Lige e
trate, adding to the protective tough- E}‘i*ﬁéﬂ.
ness of the mantle or tunic which gives e
these animals their general name of
“tunicates.”’

i

3. Amphioxus

In amphioxus the compound integu-
ment, characteristic of the vertebrates,
. . . Bl e 1o i, 129, — Diagrammatic
1S r.*m:lu-::rid to lts_ﬁlmplﬂht expression. The ool Throneh B i
epidermis consists of a single layver of of alam rpi eel, Petromiy-
e . e . zom. b, beaker gland cell;
-:znlur?l_nar cells lwhmh_. in the larval stage, "0 i e pidermis: g
are ciliated, as in certain worms, and later  granular gland eell; m,
. . it h underlying musele. The
produt.:{!. a thin non-cellular cuticle that &0 layer of epidermal
1s reminiscent, at least, of the exoskeletal eells show striations;
S : : e which are suggestive of
ﬁtructmos secreted by tlje hypode rmis of (i eilia of some inverte-
invertebrate forebears. Thus amphioxus,  brate skins. (After Hal-
2. - i . | i
in assuming the dignity of a vertebrate, e
does not entirely burn its invertebrate bridges behind itself.
The corium in the skin of amphioxus is a thin laver of gelat-
inous connective tissue overlyving the museles (Fig, 128),
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4. Cyclostomes

The slippery lampreys and hagfishes specialize in a highly
glandular skin (Fig. 129). There are no scales present to re-
strict or modify the abundant and characteristic glands, whiech
are of various kinds, principally mucous, and
are distributed among the cells of the thick
many-layvered epidermis,

Epidermal cells in the cyelostome skin, from
the germinative Malpighian layer to the out-
side, do not exhibit the same sort of progres-
sive modification toward a lifeless corneal con-
ey : _ dition that is typical of the mammalian skin,
g I:m:lﬁ:”f?:;::;:ﬁ since even the outermost cells retain their

zon, showing youthful eytoplasm and are active enough to

B::;;:;l_lfﬁﬂ]m:;{l secrete a thin euticle over their exposed sur-

(From Gegenbaur, faces, a lingering trace, perhaps, of long-

?Eiﬁ;ljﬂwk“l and o nished invertebrate days.

The horny teeth of evelostomes (Fig. 130),
form an exeeption to the apparent lack of epidermal cornification.
They are periodically shed and renewed in the orthodox fashion
of other corneal struetures and are
to be regarded as corncal modifica-
tions of the epidermis.

The corium, which is thinner than
the epidermis in these aberrant fishes,
1s an Interwoven meshwork of verti-
cal and horizontal connective tissue
fibers, practically undifferentiated.

6. Amphibians

The amphibian skin has much in
common with that of cvelostomes, e, 131.
being highly glandular, scaleless, and :-:!-:'lll_l of a frog. f.‘?{,_f'li:ll[lr'll': e,

3 3 ; : : corium; €, epidermis; g, com-
with a relatively thin corium (Fig.  pound mucous gland; m, mus-
131). The epidermis, although con- H‘a”!!; }Pigmmlt cells. (After
sisting of several lavers, 1s still thinner
than that of the eyelostomes.  The glands, however, are of a more
complicated type, being composed of several eells each, instead of
only one cell as in the eyclostomes.  Although arising in the epi-
dermis, the compound integumental glands of the amphibians do
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not remain in an epidermal position, as the skin glands of eyelo-
stomes do, but push deeper down into the corium. Being transi-
tional animals, in and out of the water, their plentiful glands help
to keep the skin moist and thin enough for respiratory service.
The vascularization of the amphibian skin is particularly pro-
nounced during the eritical period of metamorphosis, when, in
some cases, the unusual condition of penetration by capillaries
of even the epidermis itself takes place.

Among the higher amphibians, which spend much of their life
out of the water, the corneum is differentiated in the epidermis
and a consequent eedysis oceurs, the dead outer layer shed-
ding off in rags and tatters. A seereted invertebrate-like cuticle,
such as amphioxus and the cyclostomes show, is present only
transiently in larval amphibians, no longer appearing in the adult
forms,

Pigment cells of the amphibian skin are mostly located in the
corium, where they come under the control of the nervous sys-
tem so that certain species, like the tree frogs, for example, are
able to adapt themselves with considerable sueceess to the color
of the background in which they find themselves, thus esecap-
ing detection, It should also be noted that the skin glands of
“warty" toads take on an irritating or even poisonous func-
tion, which discourages the advances of molesting enemies.

6. Scaly Forms

In many vertebrate species scales form a conspicuous modi-
fication of the integument. The character of the different kinds
of scales will be considered in a later paragraph. In this con-
nection attention will be directed simply to some of the typi-
cal integumental features of vertebrates with sealy skins,

A. Fisugrs

Most fishes possess scaly skins. Aside from scales, the integu-
ment of fishes is generally characterized by the closeness with
which it fits the underlying parts. There is a tailored snugness
about the skin of a fish that is not apparent in the baggy jacket
of a frog, the loose integument of a bird, or the comfortable wrin-
kles of the mammalian skin. .

The epidermis of fishes is highly glandular. A majority of the
epidermal glands are superficial one-celled structures outside the
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scales (Fig. 132), which serve to anoint the body with muecus.
Although prophetie indications of a corneum are found in some
instances among fishes, in general the epidermis, as in the eyelo-
stomes, does not differentiate a definite external corneal layer,
because a dead corneum is an adaptation to life on land and ex-
posure to dry air,

The corium of fishes is a typical connective-tissue meshwork,
more stratified in its deeper parts, and bearing the embedded
scales to which it gives rise. Frequently the corium, as well as

Fic. 132.—Long section through the skin of a teleost, Barbus, (After Maurer.)

the epidermis, displays pigment of different kinds which decorates
the body with an endless variety of patterns and colors, particu-
larly in brilliant, bizarre, tropical fishes.

B. STEGOCEPHALI AND APODA

In the evolution of the Amphibia it appears that multicellular
glands have displaced scales as the most charaeteristic features
of the skin. These two structures are, to a considerable degree,
mutually exclusive. A truly glandular skin would be hampered
by the presence of scales, and a scaly skin has no convenient place
for glands. The tiny one-celled mucous glands over the surface
of the scales of a fish are not to be compared in this connection with
the dominant many-celled glands that eharacterize the amphibian
skin.

Extinet amphibians of the Carboniferous Age (Stegocephali) were
as scaly as any of their contemporary fishlike neighbors. They
were large ereatures, resembling salamanders in form though not
in size (Fig. 25), and were conspicuously clothed with a cumber-
some platelike armor quite in style, for they lived in the scaly
times when defensive knighthood was in flower.

Among modern amphibians, however, only the degenerate,
tropical emeilians (Apoda) have any suggestive trace of scaliness.
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The eylindrical bodies of these small wormlike animals are en-
circled with bands of tiny scales embedded in the skin, alternating
with areas of typically glandular character (Iig. 133). Thus,
in the skin of these lowly, inconspicuous bearers of the amphibian
name, 18 written the final episode of the
evolutionary story of the rout of the
scales by the glands.

C. REPTILES

The high-water mark in the complete-
ness and elaboration of a scaly skin is
reached by reptiles. One has only to
examine with care the pattern, sculpture,
and arrangement of the scales on a snake
or a lizard to be impressed with their ex-
qu,lsltﬂ [jti'l‘f:ﬂﬂtlﬂﬂ. e Fic. 133.—Section through

T'he reptiles as a group are definitely = the skin of an apodan am-
committed to life on land, in spite of cer-  phibian, Tehthyophis. The

¥ s X : scales, embedded in the
tain backsliding exceptions, and this fact  corium, are in black, be-
has left its modifying impress upon the tween two giant gland

: SR : : cells. Two smaller epi-
skin, which is no longer thin, moist, and  dermal glands projecting
respiratory, but thllck and cornified against :_ilf;-‘n:!'fl‘ e -
exposure to dry air. In the group of the  (After P. & F. Sarasin.)
reptiles the struggle for place between
scales and glands has had quite a different issue than in the
amphibians, for reptiles, with their inadequate legs, habitually
rub much against the ground, and so have use for a corneal
skin to safeguard them against frictional contact and dessica-
tion in dry air. FEedysis is necessary for the remowval of the
dead outer layer of the epidermis, and integumental glands,
which are superfluous in a highly cornified skin, are found only
in exceptional cases as relies of the days before the ascendancy
of scales.

Some of the extinet reptiles, for example, ichthyosaurs and
pterodactyls, apparently had a scaleless skin, but most of the
dinosaurs and their Mesozoic relatives were burdened with an
enormously developed integumentary armor made up of large,
dermal plates (Fig. 33, D), which were usually embossed in bas
relief, and sometimes even bore along the back formidable spines
projecting upward two or more feet.
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In modern reptiles the corium plays a secondary role, while the
epidermis reaches perhaps a greater elaboration than in any
other group of vertebrates.

D. OTHER ScALY VERTEBRATES
Among birds and mammals sealiness is of exeeptional oceurrence,
The scaly legs and feet of feathered birds (IFig. 134), reveal their
reptilian ancestry, while there are a few scale
specialists among mammals, as for example the
armored armadillos of South America and the
scaly anteaters of Africa.
The skin of the fetal
brown bear is scaly all
over, with hairs inter-
spersed (Fig. 135), and
rats, opossums, and
beavers have scaly tails
that are conspicuous em-
blems of ancient alle- Fia. 135. — Embryo
V). giances which the com- Elf“!”'”i‘;” |If}“ﬁ'§ {f}iﬁ
Fig. 134.—Scaly foot of parative anatomist who showing a tempo-

an osprey. (After A dhE L rarily scaly skin.
Schaff. ) runs may read. (After Haeckel.)

7. Birds

Anyone who has ever practiced taxidermy knows how loose,
thin, and easily torn is the skin of a bird. Those parts not covered
with feathers, like the shanks and the bare area around the base
of the beak, exhibit a thickened corneal layer of the epidermis,
but everywhere else not only the epidermis but also the corium
18 reduced to a delicate thinness.

The typical looseness of the bird’s skin, so unlike the tightly
fitting integument of the fishes, 1s an advantage in flight, for the
musecles, unhampered by a binding integumentary sheath, are free
to contract and change their shape easily. The looseness of the skin
of penguins serves a special purpose adapted to iey antarctic
conditions. During incubation the single ege is lifted off the
cold ground to a secure position on top of the webbed feet
of the parent bird and a generous apron of loose skin from the
belly region is snugly wrapped around the egg to keep it warm
(Fig. 136).
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Exoskeletal structures of birds, such as feathers, beaks, scaly
legs, claws, ete., are entirely epidermal, for dermal elements, like
the seales of fishes or the bony plates
of certain reptiles, are absent in this
group.

(Glands, already scarce in the skin of
reptiles, aré¢ entirely wanting in the
bird's skin, with the exception of the
uropygial oil gland at the base of the
taill. Ewven this gland is missing in the
running birds (Rafitates), parrots, and
many species of pigeons.

8. Mammals -

The essential features of the mam-
malian integument have already been
indicated in the seetion on human
skin. It may be emphasized here,

Fic. 136. — A king penguin
tucking the solitary egg into
the “pouch™ after relieving

however, that among mammals the
corium reaches its greatest develop-
ment, becoming many times thicker
than the epidermis. The eonspicuous

its mate. ‘“ These birds build
no nests, but earry their sin-
gle egg on top of their feet,
covering it with a flap of
skin. If the bird is robbed

of its egg, it will attempt to
mother a stone.” (After
Murphy, in National Geo-
graphic Magazine of April,
1922.)

modifications of the mammalian epi-
dermis are hairs and glands, and these
structures, with others, will be con-
sidered in the next section.

V. DERIVATIVES OF THE INTEGUMENT

1. Glands
A. In GENERAL

(Glands are cellular struetures that produce a secretion or ex-
eretion. They may consist of single cells which have gone farther
than their ectodermal neighbors in glandular specialization, or
they may be composed of groups of similar cells that join in the
common enterprise of producing some kind of a substance which is
of use to the organism as a whole.

Some glands, such as the sebaceous hair glands, are ealled
necrobiotic, beecause they use up their cellular substance in the
production of their secretions and, after having thus exhausted
themselves, need to be replaced by successors. Another type,
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like sweat glands, for example, are vitally secrefory, that is, they
continue to elaborate secretions without fatal results to their
component units.

Among vertebrates all the various kinds of integumentary
glands take their origin in the Malpighian layer of the epidermis.
In the lower forms they have at first only a surface exposure, as
in the mucous glands in the hypodermis of an earthworm, but as
glandular needs inerease and the amount of available outside
surface becomes inadequate, they push down into the underlying

Fia. 137.—Diagrams of various types of glands, shown as invaginations from
a layer of indifferent epithelium. a, primitive unicellular glands; b, simple
tubular gland; ¢, coiled tubular ;{lan ; d, branched tubular gland; e, simple
alveolar glanrl f, compound alveolar gland, with a single duct more
highly differentiated alveolar glands, with compound duets. Modified
from Wilder.)

corium, thus adding enormously to the total seereting area, just
as large bays and inlets increase greatly the actual extent of a
coast line.

Many-celled epidermal glands, which oceur higher up the scale
in land forms, are either tubwlar or alveolar (Fig. 137). Each of
these kinds may be either simple, or branched and compound.
The amount of space such a gland oeccupies at the surface is rel-
atively small, being simply a tiny pore for the escape of the secre-
tion.

B. INVERTEBRATE (GLANDS
Representatives from nearly every phylum of the invertebrates
exhibit integumentary glands that serve a variety of purposes.
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The Cnidaria among the ewlenterates receive their name from
the widespread occurrence of characteristic, glandular, stinging
cells (nematocysts) in the ectoderm, by means of which small
prey are paralyzed, and the attacks of enemies probably warded
off. Rhabdites, small rodlike bodies found in certain worms, are
secreted apparently for a similar purpose.

Sedentary animals frequently gain anchorage by glandular
activity. Thus, the cement glands of barnacles enable these eurious
cousins of the erabs to stand on their heads securely fastened
within their proteetive shells, in which position they ecan tran-
quilly kick food into their mouths in safety. Many molluses also,
certain mussels, for example, by the secretion of byssal threads
from a byssal gland, attach themselves to some solid foundation.
Even microscopie rotifers, as they inch themselves along, manipu-
late their tiny bodies by the aid of a sticky “tail gland,” while the
lacquered cocoon in which an earthworm deposits its underground
eggs, 1s secreted by the glandular elitellum.

Many insects produce glandular seeretions. The defensive
odor of stink bugs, the protective millinery of woolly aphids, the
poisoning power of myriapods, spiders, and brown-tailed moths, as
well as the spinning of caterpillars and spiders, are all due to
hypodermal glands, while anyone who has ever picked up a fat-
bodied blister beetle (Meloé) will remember the aerid, yellow
“elbow grease’ that exudes glandular unfriendliness from its
joints.

C. VERTEBRATE (GLANDS

1. Fishes

The almost universal epidermal glands of fishes are superficial
one-celled mucous glands, which are widespread over the surface of
the seales, and wherever naked skin oceurs. They are supplemented
by two other kinds of glandular cells, namely, granular gland
cells, which are especially abundant throughout the epidermis of
eyclostomes (Fig. 129), and the more deeply lying, enlarged, beaker
cells that frequently extend from the Malpighian layer all the way
to the surface. All three of these kinds of glands eombine to
render fishes slippery and hard to grasp. Doubtless too they
effect the constant removal of foreign substances that may adhere
to the body, and by lubrication facilitate, to a certain extent,
the passage of these submarines through the water.
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The African lungfish, Protopterus, has skin glands that produce
a varnish-like cocoon in which it @mstivates, buried in the mud,
and thus survives the dry season.

The pterygopodial glands, associated with the pelvie “claspers”
of male dogfish and other selachians, are pluricellular, mucous
elands that have to do with copulation.

Deep-sea fishes that live in a world of darkness where no ray
of sunlight ean penetrate are, in many instances, equipped with
glandular, integumentary organs of considerable complexity, that
produce phosphorescent light. These light-producing glands (Fig.
138), which are the only many-celled glands in the skin of fishes,
are usually accompanied in those species possessing them by
enormously developed eyes, adapted to catching the faintest
glimmer of phosphorescence. Thus, when Diogenes of the Deep
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Fia. 138.—A deep-sea teleost, Chauliodus, with a double row of phosphoreseent
light organs on either side. (After Lendenfeld.)

Sea fares forth, his lantern may not pass by unnoticed. Other
deep-sea fishes, without light-producing organs, are usually en-
tirely blind or with very degenerate eyes.

2. Amphibians

With the exeeption of the so-called Leydig’s glands that oceur
in the larve of some urodeles, one-celled epidermal glands, so
characteristic of the fish skin, do not appear in the amphibians,
but are replaced by many-celled alveolar glands, Still higher up
among land forms that come into contaet with dry air, the epider-
mal mucous glands which typieally cover the outside of a wet
fish, have retreated from the surface of the body to internal
passages, such as the nose and mouth, where they give character
to the “mucous membrane.”

One of the functions of the skin glands of fishes and amphibians,
which does not recur as an integumental activity in higher verte-
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brates, is the production of irritating or poisonous substances as
a means of protection against enemies. In fishes such poison
glands are usually associated with puncturing spines, or sharp

fin rays, but in amphibians they are more gen-
erally distributed over the body. Toads, for ex-
ample, have few enemies, on aceount of the noxious
secretions from their skin glands, and the glandular
rings that alternate with the tiny embedded scales
of the blind ewmeilians (Apoda), are equipped not
only with many-celled mucous glands, character-
istic of amphibians, but also with giant poison
glands (Fig. 133).

Another funetion of ectodermal glands is peculiar
to tree frogs (Fig. 139) and certain salamanders,
namely, glandular feet that enable them to stick
to vertical surfaces. "Again, some male frogs find a

1/

FiG. 139.—Hind

foot of a tree
frog, showing
glandular suck-
ing dises at the
ends of the
toes, (From
Hilzheimer, af-

unique use for glands in their swollen thumbs ‘e Pello)

that enable them at breeding time to hang to the backs of
the females upon which they are saddled, until the extrusion of
the sperm and eggs (Fig. 392).

3. Reptiles and Birds

Epidermal glands are much reduced in reptiles and birds, but
whenever they do appear are quite localized. For example, down
the back of an alligator from neeck to tail there is a row of erowded
degenerate glands between the first and second row of scales on
either side of the mid line, the use of which 15 unknown. On the
under side of the lower jaw also there is a pair of evertible strue-
tures usually regarded as glands that, at times, give forth a musky
odor, and probably have something to do with the sex psychology
of these animals. Similar odoriferous glands occur in other rep-
tiles. They are a most notable possession, for example, of the
“stinkpot” turtle whose scientific name, Aromochelys odorata,
is almost as descriptive as its common name, and are particularly
localized about the cloacal opening of certain snakes.

The so-called femoral ** glands " of male lizards, extending along
the inside of the hind legs from knee to cloaca like a row of tiny
portholes (Fig. 140), produce a dry, gummy secretion which
hardens into short spines, or “teeth” (Fig. 141), that are useful
as a gripping device during copulation,
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The wropygial or preening glands are best developed in water
birds, and are said to be odoriferous during sexual activity, which
suggests that their ancestral funetion was sex allurement, although
their chief use has now come to be that of supplying oil for preen-
ing the feathers. They are paired structures, usually with a
single outlet. In ducks and pelicans there are several duects
present. Aside from the uropygial gland at the base of the tail,

Fig. 140. — Femoral Frc. 141.—8Section through a single

“pores” of male Laceria, femoral pore (Fig. 140) of a lizard,
probably useful in grasp- Laeerta, showing projecting plug of
ing the female during dry cells that may help to prevent
copulation. (After slipping during copulation. (After
Maurer.) Biitschli.)

the only other integumental glands in birds are certain oily glands
in the external ear passage of some gallinaceous birds, like the
European capercaillie (Tetrao urogallus), and the American turkey,

4. Mammals

Integumental glands reach their greatest variety and differ-
entiation in the mammalian skin. None of them are unicellular.
The more important are of either tubular or alveolar structure.

@. TUBULAR GLANDS

Sweat glands are the most common and generally distributed
of the tubular glands. Dr. Oliver Wendell Holmes, in his leetures
to Harvard medical students, likened sweat glands to “fairies’
intestines.” Each one is an elongated tube, the walls of which are
composed of cells (Fig. 142). The deeper glandular portion is
usually coiled up to oceupy less space, while the outermost part,
that serves as a duet and opens at the surface with a funnel-shaped
pore, often spirals like a corkserew, as if it found difficulty in
penetrating the compaet outer corneal layer of the skin. Although
originating, like all other integumentary glands of vertebrates,
in the epidermis, sweat glands by a process of growth push deep
down into the corium where their terminal glandular part comes

T R i v g,
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into intimate contact with the capillaries, making possible the
extraction of sweat from the blood. In a healthy man this fluid,
visible and invisible, amounts to a daily loss of from one to five
pints, or in some cases to as much as 29 of the entire body weight.

It is literally true that a man “sweats blood,” for sweat is
derived from that source of supply. The sweat of the hippopot-
amus, as well as of the giant kangaroo (Macropus rufus), is actually
reddish in color, resembling blood. That of the
African antelope, (Cephalopus), 18 said to be
bluish in color, and contains some albuminous
component which may cause a lather, as is also
true in the well-known case of an overheated
horse.

Sweat glands are wanting in Echidna, some ‘-c;-;
insectivores, Chrysochloris and Talpa, the scaly
anteater, Manis, the two-toed sloth, Cholepus, l";iaﬁf‘j{f greas
and the sirenia and cetacea which live in water. work of capil-

It has been estimated that there are two and  2fies inside of

whiech lies the

one-half million sweat tubules in the human  coiled end of a
skin, each with a separate pore just at the limit ?‘;ﬁ;‘; ]%lﬁ::ﬁ;,rf’
of wvisibility to the naked eye. They are not
equally distributed being more numerous on the palms and soles
than elsewhere, and attaining a notably greater size under the
armpits. Certain racial differences in the abundance of sweat
glands have also been noted, as shown by the following counts
per square centimeter on the finger tips: American soldier, 558;
Filipino, 653; Negrito, 709; Hindu, 738.1

In mammals that are abundantly clothed with hair, the sweat
glands become crowded out or localized. Thus, in cats, rats, and
mice, these glands are confined to the soles of the feet; in bats,
to the sides of the head; in rabbits, to an area around the lips;
in deer, to the region around the base of the tail; in shrews, to
a line down either side of the body; in ruminants, to the muzzle
and the skin between the toes; while in the hippopotamus sweat
glands appear only on the ears, which are the parts of the body
of these semi-aquatie monsters most exposed to air.

In closing this brief resumé of mammalian sweat glands it
may be added that the moist muzzle of cattle, sheep, goats, pigs,
dogs, and cats, is due to the presence of modified sweat glands;

! Anat. Rec., 1917, 1.
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while the uncoiled ciliary glands of Moll at the base of the eyelashes
in man, that are the center of trouble whenever a “sty’” is
formed, are likewise modified tubular glands.

b. ALVEOLAR GLANDS

While tubular glands are confined to mammals, alveolar glands
of various kinds occur not only in the mammalian skin but also
in the skin of other land vertebrates, as has already been noted.

The most universally distributed of the mammalian alveolar
glands are the sebaceous glands which produee an oily secretion
(sebum), usually in eonnection with hawrs (Fig. 190), although
they are found independent of hairs at the edge of the lips and
about the genitalia, where the skin passes over into the mueous
membrane. On the tip of the nose, particularly the bulbous
middle-aged type, the openings of free sebaceous glands may be
seen as tiny pits, marking the loecality of ancestral hairs that have
been lost in the evolutionary shuffle.

Sebaceous hair glands may be two or three to each hair, opening
into the pocket from which the hair shaft projects, rather than
directly upon the surface. The size of the sebaceous glands is
not in relative proportion to the size of the hairs with which they
are associated, and they frequently become enlarged in the ab-
sence of hairs, which suggests that their primary funetion is not
so much concerned with oiling the hair, as is commonly thought,
as with coating the surface of the skin itself with oil.

The two-toed sloth, Cholepus, the Cape mole of South Afriea,
Chirysochloris, the scaly anteater, Manis, and the water-inhabiting
sirenia and cetacea, already cited for their lack of sweat glands,
are equally deficient in sebaceous glands, although the first two
are abundantly hairy animals.

Along the edge of the eyelids is a line of modified sebaeceous
glands, not to be confused with the “eciliary glands of Moll,”
called the Meibomian glands (Fig. 680), which produee an oily
film aeross the eyveball between the edges of the eyelid and the
eyeball itself, that retreats and advances with every wink. This
oil seal normally retains the film of tears that constantly moistens
the eyeball, but, in the case of a weeping child, for example, the
oilly dam is broken by the flood pressing from behind, and the
tears fall out of the eves.

Another type of integumental alveolar glands occurring in
various mammals are those assoeciated with sexual activity. They

e e o i il .
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should not be eonfused in any way with the so-called primary
sex “‘glands’ which produce eges and sperm. They are deriva-
tives of the epidermis and may have a lubricating funetion in con-
nection with the genital organs, as, for example, the preputial, and
vulvo-vaginal glands, or they may be scent glands, which act as an
allurement to the opposite sex. Scent glands are usually located
near the anus, as in the musk deer, civet cat, dog, fox, and skunk.

In the external ear passages of most vertebrates are to be found
the ceruminous, or wax glands, which in form show affinities with
the tubular type, but i funetion are more like the sebaeeous
glands, since they produce a gummy, waxy secretion more like
oil than sweat. They.serve to arrest dust particles, and to dis-
courage adventurous insects that might be tempted to invade
the saered precinets of the ear. This latter function is not so
apparently needful in the case of man as of a dog sleeping in the
sunshine with a halo of busy insects around its head.

€. MAMMARY ORGANS

Of paramount importance in the life scheme of mammals are
the milk glands which characterize this order of animals. The
mammary glands, although
resembling the neerobiotie
sebaceous glands 1n strue-
ture, are ‘““vitally secretory”
in funetion, like the tubular
sweat glands. They are in
all probability not derived
from either sweat or seba-
ceous glands, but from some
common ancestral type less
differentiated than either.

; e
Fic. 143.—Sagittal Their activity, however, 1s

section of the periodiec instead of contin- Fia. 144. — Arrange-

o L

through {he mip. uous and, for the most part,  ment of nipples in
ple. (After Ra- finds expression only in the (From Weber after

) female. O. Thomas.)

The mammary apparatus includes not only the mammary glands
themselves, but also the elevated mnipples, that furnish outlet
for the glands, and the breasts, or “mamms,” which are integu-
mental swellings produeed by the loealized presence of the mam-
mary glands in the skin (IFig. 143).



208 BIOLOGY OF VERTEBRATES

The number of nipples varies from two in the horse, bat, whale,
elephant, and man, to twenty-five in the opossum (Didelphys
henseli, Fig. 144). Carnivores usually have six to eight; rodents,
two to ten; pigs, eight to ten; and ruminants, four. In those
species where several young are born in a litter, there is a cor-
responding provision in the number of nipples.

The number of ducts per nipple that drain the glands, is also
subject to considerable variation. In miee, ruminants, and in-
sectivores, there is only one. The pig has two or three; carnivores,
three to six; and in man there is a cluster of about twenty separate
duets opening into each nipple.

Milk, which is seereted by these glands, is the natural food of
young mammals. It is composed of water, derived from the
blood stream, butter-fat, milk sugar, albumin, and certain salts
in varying proportions in different species of mammals, as in-
dicated by the analvsis of von Bunge in the accompanying table.

Arpuaiy Far Mirg Svaan ! Asn

Man 1.6 3.4 6.1 0.2
Dog T3 11.9 3.2 1.3
Cat 7.0 4.8 4.8 1.0
yuinea pig 10.4 16.7 2.0 2.5

Pig | e 3.3 0.8
Horse 2.0 1.2 5.7 0.4
Cow 2.5 T 4.9 0.7
Goat 2.7 4.3 3.6 0.8
Sheep 4.9 9.3 5.0 0.8
Reindeer 10.4 17.2 2.8 1.5
Camel 4.0 i | 5.6 0.8
Llama 3.9 2.1 5.6 0.8
Dolphin 7.6 43 .8 - 0.5

It will be noted that albumin in milk favors rapid growth in
the young. A guinea pig, whose milk confains approximately
ten per ecent of albumin, doubles its weight after birth in six days,
while the human infant, feeding upon milk with less than two
per cent of albumin, requires 180 days in which to double its weight.
Of eourse other factors than the food factor enter into this differ-
ence in growth, but the faet remains that different kinds of milk
are adapted in nature to different requirements. Where selective
breeding for milk produetion has been practiced for a long time,
as in domestic cattle, it is not unusual to find a cow which, in a




A JACK OF ALL TRADES 209

single year, can produce fifteen times her own weight in milk. There
is thus an enormous potential output from these seeretory glands.
Mammary glands may develop almost anywhere in the mam-
malian skin, as shown by instaneces recorded in medical literature
of the abnormal occurrence in hu-
man beings of mamma even under
the armpits, on the shoulders, or
upon the hips. Thelr normal dis-
tribution in different species of
mammals, however, holds a definite Fic. 145. —Hllﬂlpl‘!ﬂlf:k Whlﬂ;f' Slllﬂk'
relation to the accessibility of the f;?til!‘;;'e;;‘;f;;ﬁn_f Fomn ekleY,s
nlpplfﬂa to the sucking young. Thus,
in carnivores and swine, which attend to their mqu]mgs while
lying down, the nipples are arranged in two rows down the ventral
sides. Quadrupeds that, in contrast to carnivores and swine,
stand habitually upon underpinning legs, have their nipples in
a protected situation between the
legs, either anterior, as in elephants,
or posterior, as in cattle and horses.
Arboreal animals that hold their
““habes In arms,” have convenient
pectoral nipples. Man, with a prob-
able arboreal ancestry, also has pec-
toral nipples. The grotesque sea
cows, which enfold their single off-
spr 1:1].{ with their flippers and “*stand ™’
in water with head projecting in air,
likewise have pectoral nipples. This
circumstance has no doubt contrib-
uted to the “mermaid’ myths about
Fic. 146. — The flying lemur. Sea COws among sailors. The baby
gpﬂ;ﬁﬁfﬁi’f:gﬁi}_ c'-.i."?lii“ﬁr .ﬁg; whale (Fig. 145), unlike the young of
life to the breasts of their the sea cow, 15 a “trailer,” since the
ﬂgﬁg},’;}‘”*‘h““” (After Hilz- yy,other’s nipples are situated far pos-
terior on either side of the sexual
orifice in pockets which fit over its snout, thus minimizing the
amount of salt water that is liable to become mixed with the milk
of these marine infants that suck while navigating the high seas.
The opposite extreme in the position of the nipples is found in
the topsy-turvy bats and flying lemurs (Fig. 146), whose offspring
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literally ““ eling for dear life”’ to the breasts of their floppy mothers,
the accessible nipples of which are axillary in location, or under
the armpits.

The development of the mammary apparatus is initiated by the
formation of an epidermal ridge down either side of the.belly
from axilla to groin. This is called the milk-line
stage (Fig. 147), and it oceurs in man near the be-
ginning of the second fetal month when the embryo
is still less than half an inch in length. The milk-
line stage is succeeded by the milk-hill stage (Fig.
148), which results when the epidermal ridge be-
comes absorbed except for a beadlike row of
remnants. Each one of these epidermal ““ beads,”
or “hills,” marks the possible loeation of a future
Fic. 147.— The mammary gland. The tiny milk hills are com-

Egknnl.ﬂ:f},glr;? pact masses of cells which later sink into the

Loem. (After underlying tissue, no longer leaving any external

O. Schultze.) 166 of the mammary apparatus, except a double
row of depressed ““hills'’ embedded in the corium. This is ealled the
milk-field stage. As the leveled hills of the milk-field stage sink
still deeper and become wvalleys, there is formed a double row of
pits along the belly wall, converging from the
anterior posteriorly and representing the malk-
pocket stage (Fig. 149). The cells that form the
sides and bottom of these milk pockets give rise
to the mammary glands. In those forms that do
not have two complete rows of nipples, certain
pockets fail to develop. In man it is the fourth
pair of embryonic milk pockets from the anterior
end, that become the permanent mammsse. The
final differentiation of the mammary apparatus
takes place when the milk-pocket stage is sue-

['1G. 148, — Milk-
5 hill stage in a
ceeded by the nipple stage. pig embryo of

There are two ways in which nipples form, re- L cm. (After

. . ) i 0. Schultze.)
sulting in what are distinguished as true, and

false nipples. In the formation of true nipples, as in rodents,
marsupials and primates, the floor of the milk pocket, into which
the duets of the mammary glands open, elevates, earrying the
duets of the milk glands with it, thus causing them to open at
the tips of the nipples. In the case of false nipples, on the con-
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trary, which characterize earnivores, pigs, horses, and ruminants,
the floor of the milk pocket with its duets remains unelevated,
while the marging of the pocket pull up to form the nipple.
There is thus formed a secondary tube, or extension upward
of the milk pocket itself, called the milk canal, into which the
mammary glands pour their secre-
tion, to be carried to the tip of the
false nipple.

C

Fic. 149. — Development of the
mammary glands. A, diagram-
matic ecross section through the
milk line (Fig. 147); B, the epi-
dermal milk line, after breaking
up into a chain of isolated milk
hills (Fig. 148) has sunk down
into the corium (dotted) and is no
longer apparent externally, thus
forming the milk-field stage; the
levelled area, where the milk hills

were, becomes depressed, (', form- Fia. 150. —Hyperthelism.
ing the milk-pocket stage. The Three supernumerary mam-
sunken epidermal plug penetrates mze are shown. (From Mar-
still deeper into the corium, giv- tin, after a photograph by
ing rise to the mammary glands. Mollison.)

D, preliminary indifferent milk-
anLot stage, with the two short The mammary apparatus de-
arrows indicating the direction of :

epidermal growth that results in velops equally in both sexes up

tmlfnmmtmn of a “false nipple,” {4 the time of puberty, when it

while the long arrow shows how ; ot 3

the ““true nipple " forms; %, false degenerates in the male and be-

nipple, with ducts of the mam- .qmag potentially funetional in the
mary gland opening at the bottom b :

of a milk canal; F, true nipple, female. The male may produce

:;Illg:ﬁiﬂﬁ‘m‘ﬁ?;: ductsopening milk asin the monotreme, Echidna,

: N and in exeeptional instances among
higher mammals, even in man. Such abnormal behavior is termed
gynecomastism.

In man as well as in other mammals, there is not infrequent
occurrence of extra nipples, hyperthelism (IFig. 150), or extra
breasts, hypermastism (Fig. 151). Such persistent embryonie
relics, particularly in the case of hyperthelism, oceur quite as
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frequently in males as females. Supernumerary nipples usually
arrange themselves along the vanished embryonie milk line.

The mammary apparatus of Monotremes presents many excep-
tions to that of other mammals. The glands are branched-tubular
in form instead of alveolar, and
produce a sort of nutritious sweat
instead of the usual milk (Fig.
152). No nipples are present,
tufts of hair serving in their stead.
The young monotreme does not
: _ have muscular lips and, handi-

——="CZ_ T —  capped with a horny beak, is quite

Fic. 151.—A case of hypermastism. ypahle to suck, so it licks the
(After Hansemann.) i

nutritious sweat from the make-

shift tufts of hair with its protrusible tongue. The skin on
the belly of Echidna forms a temporary pouch, or incubalorium,
that surrounds the mammary area. Into this pouch is deposited
the leathery-shelled egg, that soon hatches into a very helpless

embryo, there to undergo the preliminary
perils of early development which other
mammals accomplish more safely within !
the protective uterus of the mother. In { %
Ornithorhynchus there is not even an in- ;
cubatorium present. It is thought that I
the egg is brooded in a hole in the ground
which serves as a nest. The mammary
area is depressed, as in the milk-pocket s
stage, opening through a slit in which tufts [tﬁi;ﬂ
of hair that serve as mnipples, project. ‘
Probably gynecomastism oceurs in Orni-
thorhynchus, as well as in FEchidna, and
both parents share in feeding the young.
Most Marsupials in connection with the Fer. 152.—Ventral view
mammary apparatus reg_ularly POSSess a .‘:iiinﬂfigﬁzﬁ&]wﬁrl: ;iﬁ
pouch for carrying the immature young side to show the mam-
(Fig. 16, E). True nipples are present _:;g;;};ljla“dﬁ- (After
within the pouch and typieal milk glands
supply real milk. The nipples project, however, only during
lactation. At other times they retract, like a disappearing gun,
within the surrounding pit in the skin. The young marsupial




A JACK OF ALL TRADES 213

retains its hold upon the nipple by means of powerful sphincter
museles around its own mouth, and the enveloping edge of the
marsupial pocket that surrounds the nipple (Fig. 153). At first
it is so helpless that it is necessary for the
mother to pump the milk down its waiting
throat by means of the contraction of the breast
muscles. Later, as it learns to handle its own
nerves and museles, the little marsupial becomes
able to feed itself.

In placental mammals the marsupial pouch
disappears, since the fetus is cradled in greater
safety within the uterus until, at birth, a stage Fic. 153.—A young
of development has been reached that makes E}Eﬁ-:?plf;l’i i
bodily protection on the part of the mother less  snout gr;t|m¢l by
. . T e . Mo . . : the euplike mar-
imperative. There are certain dim reminders S onkat. And
of a marsupial pocket around the nipple, how-  the nipple (repre-
ever, even in the human embryo, for, at about ﬁgfﬂi_ﬂm}ﬁﬁhi
the beginning of the second fetal month when  thethroat. (After
the future mammary apparatus is being ini- Cressiau.)
tiated, there develops around the milk hills transitory epithelial
thickenings that possibly represent the last remnants of an an-
cestral marsupium (Fig. 154).

i.i"-*"\ """‘.—-.“‘

i Eﬁht Hrm gl LEFI: Hr'm-
I"n_h_F-.-:';' -*. . e ‘.“" :'
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FiG. 154.—Reconstruction of fransitory epithelial structures around the
mammary glands in the skin of a human fetus 56 days old . The dotted
cireles represent the area where the hmhlliu., arms Jumud the body. The
two large black dots are the epidermal “milk hills" that are to give rise
to the mammary glands, and which locate the position of the future
nipples. The twenty-one smaller black dots are epithelal thickenings
around the nipples, which may be the vanishing remains of ancestral
marsupial pockets. (From Walter, in Anat. Anz. XXII, 1902.)

The prolonged obligatory period of milk feeding among the
higher mammals, which allows time for a more elaborated develop-
ment and is the necessary preliminary to the process of learning
through association with the parents, is a very fortunate condi-
tion of life, that has gone far in helping the dominant mammals
to work out their salvation.
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2. Hard Integumentary Structures
A. ScALEs

1. Fishes

While every class of vertebrates, except eyclostomes, has some
representatives with a sealy skin, the presence of scales may be
regarded as the most notable
modification of the integument of
fishes and reptiles. Whenever
fishes occur lacking secales, as in
the case of eels and certain bot-

Fic. 155.—A restoration of an ar- 1 kil
mored Ostracoderm Plerichthys, tom-feeding forms, 1t 1s to be

from the Devonian in Scotland.

A T | regarded as a secondary modifica-

tion and not the primary an-
cestral condition, since in embryonic eecls scales are present.
There are at least four types of fish scales of particular interest
to the comparative anatomist, namely, placoid, ganoid, eycloid,
and clenoid, not including bony dermal plates that reached a high
degree of elaboration in the extinet Ostracoderms (Fig. 155), and
other armored fishes of early geologie times.

@. PLACOID SCALES

The most primitive scales are placoid, appearing first in the
ancestral sharks (Cladoselachia) of the Upper Devonian, and
found in selachians gen-
erally. In structure a
placoid scale consists of
a flat, basal plate em-
bedded in the skin, usu-
ally carrying a spiny pro-
jection of dentine eapped
with hard enamel like a l-‘u‘:L 156.—Diagram of the f-:Ig:- of a shark's
tooth. The transition in I cce B e ot Service at the, edge
structure and position of the jaw; T, T3, Ty, reserve teeth. (Drawn
from the placoid scales of Ak Sy BT
the skin on the outside of the head, to the rows of teeth within the
margin of a shark’s jaw is so continuous and unmistakable that
teeth may be regarded simply as modified placoid seales (Fig.
156). The basal plate of the seale corresponds to the cement
layer of the tooth, while the projection of dentine and its enamel
cap are quite like familiar similar parts of a typical tooth.
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Placoid scales in dogfishes and sharks are usually small and
closely set without actually overlapping, although their back-
ward projecting spines aid in effecting protection of the tiny
spaces of bare skin between the embedded secales. In skates
and rays the placoid secales, which may be quite large with
jagged spines, are often loecalized in certain exposed areas, as
down the median line of the back, leaving scaleless patches of
the skin exposed.

b. GANOID SCALES

The few kinds of ganoid fishes living in fresh waters today are
the last survivors of a large diversified order which ruled the
Devonian seas. Their secales present a va-
riety of form and strueture out of all pro-
portion to the number of species involved.
In the sturgeon, Aecipenser, for example,
they are large, isolated, bony scutes, not
entirely covering the skin but located in
exposed situations where there is the
greatest wear and tear, like the rows of Fic. 157.—Ganoid scales
brass-headed nails decorating the edges of g? tﬁﬁaﬂfﬁrfﬂtﬁ
great-grandfather’s chest. In the garpike, with openings to the
Lepisosteus (Fig. 157), as well as in the lteral line organs.
related forms, Calamoichthys and Polypterus, the scales are hard,
polished, rhombie plates, fitting edge to edge or very slightly
imbricated one over the other, thus forming a complete armor,
while in the bowfin, Amia, they overlap, after the more modern
fashion of the bony fishes. In all these ganoids except Amia,
however, the outside surface of the scales is composed of ganoin,
a hard substance secreted by the corium and susceptible of high
polish, which is not at all homologous with the ectodermal enamel
that caps placoid seales. There is some embryonic evidence
(Tims, 1905), that a ganoid scale is to be compared to several
placoid seales mounted upon a single basal plate. The skin of
the spoonbill sturgeon, Polyodon, is almost completely without
scales. In fossil ganoids, seales were frequenfly quite large and
platelike, and even in living survivors those that cover the head
may become enlarged dermal seutes, which take part in the for-
mation of the investing bones of the skull.
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¢. CYCLOID AND CTENOID SCALES

The great majority of modern fishes, that is, the feleosts, have
either eycloid or ctenoid scales, when any are present.

Cycloid scales, as the name indicates, are rounded in shape
(Fig. 158), and thicker in the center, thinning out toward the
margin. If such scales were spread over the
surface, edge to edge like ganoid scales, they
would much more than cover the body.
They are, however, embedded in the corium
with only the outer margin exposed. Con-
sequently they project diagonally at an acute
angle with the surface of the skin, and overlap
their neighbors like shingles, so that the en-
tire body is protected by at least a double
Fic. 158.—Cyeloid thickness of scaly armor at every point.

gfﬂﬁ,hg . salmon ooy 5id (comblike) scales are also rounded

growth.  (After in form, but with a toothed edge in addi-

Hesse.) tion along the margin which is embed-
ded in the skin (Fig. 159). This toothed, or serrated, edge
fastens the secale more securely in place, so that it is much more
difficult to loosen and remove etenoid than eyeloid seales.

Of these two types the cyeloid seale is the more primitive,
occurring first in the Jurassic Period, while the ctenoid type did
not appear until Cretaceous times. Moreover, the etenoid type
in development passes through the cycloid phase, as would be
expected in light of its succession in geologic
time. All intermediate stages between the cy-
cloid and ctenoid types are to be found. In
some fishes as, for example certain flounders,
the seales on the upper side are ctenoid, while
those on the under side are eyeloid. Fic. 150 —Céenoid

Both eyeloid and ctenoid scales are entirely  scale. (After
dermal in their origin. The scleroblasts, or scale- - Trerbvig.)
forming cells in the corium, lay down two layers of different
substance in the formation of a seale. The outer layer is homo-
geneous and bony, while the under one is fibrillar and contains
caleareous deposits. Such a scale increases in thickness and
area by the activity of the secleroblasts, and successive addi-
tions are indiecated by lines of growth like the similar rings of
wood exhibited on the trunk of a tree. Inasmuch as periods

i s R S
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of growth alternate with periods of comparative inactivity
with most fishes according to the seasonal variation in their
food supply, it is possible to estimate the relative age of a
fish by an examination of the diary-like lines on its scales. In
addition to the marginal lines of growth, certain radial grooves
are also present, caused by the failure of the outer homogeneous
layer of the scale to be deposited in these places. Radial grooves
add somewhat to the flexibility of scales, a very desirable device
since teleost scales, although thinner than the tilelike ganoid type,
by reason of shingling, form a double envelope over the under-
lying museles that tends to hamper free movement. Some teleost
fishes, as the pipefish, Sygnathus, and the curious sea horse,
Hippocampus, do not have overlapping scales but are encased
in a cuirass of bony plates. In the lungfish, Neoceratodus, the
large thin oval scales superficially resemble the eyeloid seales of
teleosts, but in reality are of different texture and have a different
manner of development.

2. Amphibians

In modern amphibians scales are absent, with the exception of
the tiny bands of embedded scutes in the skin of the tropical,
legless ceaecilians. The Stegocephali, an extinet group resembling
amphibians, that flourished in the Devonian times, were char-
acterized by bony plates in the skin particularly on the ventral
side, but it is doubtful whether these problematical animals
should be reckoned as the ancestors of true amphibians, whose
fossil remains do not begin to appear until the Carboniferous
Period, some time after the last of the Stegoeephali had vanished.

3. Reptiles

Reptiles, like ganoids, are represented today by a few divergent,
specialized types,—lizards, turtles, snakes, and alligators,—super-
ficially quite unlike each other, which have survived to tell the
tale of the vast age-long experiment in reptilian ereation.

o far as scales are concerned these survivors agree in the pre-
dominant part that the epidermis plays in their formation. Small
bony plates, or ossicles, of dermal origin are present, sunken in
the skin and spaced with much regularity. They are covered,
however, by a eontinuous layer of epidermis in which the corneal
layer becomes thickened or embossed wherever it covers an
ossicle, while it is thinner and more flexible between the plates
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(Fig. 160). Thus, reptilian “seales” hang together as a con-
tinuous armor and eannot be seraped loose, as may the separate
independent scales of teleost fishes.

This entire, dry, eorneal layer of skin in the case of snakes,
periodically loosens and is cast off. Such is not the procedure
with turtles and alligators, for in these animals the corneal scales
that overspread the dermal plates in the skin, are discontinuous,
and the demands of inereasing size are met by concentrie, mar-
ginal lines of growth which are added to each seale. The highest
development of the bony underpinning of dermal scales is reached
in the turtles, although some of the extinet dinosaurs were fear-
fully and wonderfully made in this particular. Many reptiles
like the “horned toad,” Phrynosoma, as well as alligators and
erocodiles, exhibit spines or embossed patterns on the epidermal

Fi6. 160.—Diagrammatic long section through reptilian scales. b, bony dermal
plate embedded in corium; cu, corneal layer, forming the continuous
external scales; co, corium; m, Malpighian layer. (After Boaz.)

seales, while the rasplike character of the ventral scales on a snake’s
body serves in obtaining a frictional grip on the ground over which
these animals glide. The head of a snake, which has to poke
about bhetween obstacles, is ensheathed in enlarged platelike
scales, while the sense of touch, which thereby becomes inoperative
over the surface of the head, is transferred to the delicate, pro-
trusible tongue.

4. Birds

There is very little to say about the scales in a bird’s skin,
sinece aviation has no use for such heavy clumsy structures. Only
on such unfeathered areas as the shanks and around the base of
the beak, is the epidermis thickened and ecornified into a sem-
blance of reptilian seales, and nowhere in a bird’s skin do dermal
ossicles oceur.

4. Mammals

Scales, although generally replaced by hairs in mammals, still
persist in a number of instanees. They are large, horny, and im-
bricated in the sealy anteater, Manss, being shed and renewed
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singly. In the armadillos no eedysis oceurs, but growth is ac-
commodated within the shieldlike armor by marginal aceretion of
the separate elements, as in turtles. A great variety of mammals
have secaly tails, for example, the beaver, rat, mouse, opossum,
mole, shrew, and certain lemurs. Secales oceur on the back of
the paws of moles and shrews, and even the fetus of the brown
bear, as already mentioned, testifies to some sort of a sealy past
by developing transient, useless, embryvonie seales over the back.
There is little to show that mammalian seales are derived either
from the separate dermal scales of fishes, or the continuous epi-
dermal thickenings of reptiles. Such structures of unknown deri-
vation are termed neomorphs.

B. Horns

Horns are in part integumentary structures. The earliest known
horns appeared as bony projections on the heads of certain cera-
topsid dinosaurs (Fig. 36). It i1s probable
that these bony projections were surrounded
by horny sheaths, although positive evidence
is not furnished by the fossils themselves.
Among modern reptiles there are a few bizarre
lizards with horns, for example, Chameleon
owent, and Ceratophora stodderti (Fig. 161). Riasial - aal'cra
Otherwise horns are to be found today ex- male lizard, Cerato-
clusively on hoofed mammals. There are four 21070 huﬁﬁd‘;ﬁ"ﬁ;
general kinds, namely, keratin-fiber horns, snout. (After Dar-
antlers, pronghorns, and hollow horns. e

1. Keratin-Fiber Horns

Horns of this type are made up of hairlike keratin fibers, ce-
mented together into a hard, compaet mass. They are entirely
epidermal and have no bony core. The Indian rhinoceros
carries one of these horns on its “nose,” as its name indicates,
and the African rhinoceros has two, arranged tandem fashion
rather than in the conventional way of paired structures. It is
said that Bos triceros, one of the kinds of native cattle of Africa,
also sports horns of this eurious type.

2. Antlers

Antlers are commonly borne by the various representatives of
the prolific and diversified deer family (Cervide), ordinarily only
by the males, but by both sexes in case of the reindeer, Rangifer,
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They consist of skeletal outgrowths from the skull, which at first

are covered over by the hairy skin. While in that condition a
stag is said to be “in velvet” (Fig. 162). Later the skin dries

\

Fia. 162.—The growth of antlers. A, April 2; /5, April 20. (From Stone and
Cram.)
and becomes rubbed off, leaving the antlers as unadorned bone,
when of course it is incorreet to include them among integumental
structures. At the end of the second year, sometime before the
mating season, the single-pronged ant-
lers weaken at the base next the
skull by the breaking down of some
of the bony tissue, and are broken
off. The surrounding skin grows over
the wounds thus made, and a new
pair of antlers “in velvet” grows out
(Fig. 163), this time with two prongs

Fra. 163.—Diagrams showing
how antlers are shed. (After FiG. 164.—Big antlers of a moose. (After
Nitsche.) stone and Cram.)

instead of one. Thereafter each sueccessive breeding season for
some time is celebrated by new antlers usually with an additional
prong on each (Fig. 164). The shedding and renewal of antlers
does not oceur in eastrated bucks.
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That “fantastic ih?.l‘l'_.” the giraffe, has a pair of short, single
antlers that are permanent, and remain in velvet throughout
life. The lateral prongs of the antlers of reindeer are greatly
flattened, so that they serve as snowshovels to aid these Arctic
dwellers in getting at the buried mosses on which they feed in
winter.

3. Pronghorns

The pronghorn antelope, Antilocapra americana (Fig. 165),
and the ‘‘saiga” an-
telope, Saiga tatarica,
possess permanent ant-
lers, of which the
thimble-like sheath of
horny integument is
periodically shed and

Fig. 165.—Antler formation in the prong-
horn antelope, Antilocapra. I, appear-
ance shortly after shedding the antlers;
2, later stage, with a new epidermal
“thimble"” forming with an extra prong;
3, old antler tip ready to be cast off, with
new thimble already formed within. The

Fia. 166.—Three stages in
the formation of a hollow
horn of a young lamb. 1,
frontal bone with the os
corni, og, or bony core of
the horn appearing; 2
horny thickening over the
os corneie beginning to be
formed; 3, the hollow horn
definitely established and
the os cornu fused with
the frontal bone of the

bony core of the antlers is represented in
black. (After Nitsche.)
renewed, without the loss of the
bony ecore.
4. Hollow Horns
Perhaps the most famliar kinds
of horns are the hollow horns of
domestic and wild cattle, sheep,

skull. (After Brandt.) goats, and antelopes, which are

usually present in both sexes. These are strietly epidermal strue-
tures that are not shed as is the ecase with the pronghorns.
As the horn wears away it is renewed from the Malpighian layer
of the epidermis, just as any other dead, eorneal structure. The
hollow horn fits over a core of living bone, that is attached
to the frontal region of the skull (Fig 166). Hollow horns do
not branch, like antlers, but they assume a great variety of form
all the way from the majestic graceful spread in a Texas steer
to that of the “cow with a erumpled horn.”
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C. DicitaL Tirs

With the exception of the Amphibia, the tips of the digits, in
those vertebrates that have fingers and toes, are reinforeed by hard
integumentary structures, either claws, nails, or hoofs. Although
amphibians do not have true claws, a thickening of the corneal
layer of the epidermis at the ends of the fingers and toes is a
prophecy of the elaws to come later in the vertebrate series. In
the African toad, Xenopus, and a Japanese salamander, Onycho-
dactylus, these epidermal thickenings assume the definiteness of
actual claws on some of the digits.

1. Claws of Reptiles

The typical elaw of a reptile (Fig. 167, 1), may be regarded as
being made up of two scalelike, horny plates, dorsal and ventral,

Fia. 167.—Diagrams of digital tips. I, reptile claw; 2, carnivore claw; 3, ape;
4, man; &, horse’s hoof. cor, corneum; Mal, Malpighian layer of epidermis;
U, unguis; S, subunguis; P, pad. 2a-5a, ventral views of corresponding
long sections shown in 2-5. (After Biitschli.)

so placed as to converge fo a point at the end of the digit. The
convex dorsal plate, unguis, is rounded in two directions, toward

the tip and toward the lateral margins. The smaller central
plate, subunguis, which is pinched in between the lateral edges

.
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of the unguis, is more flattened and of a less dense texture. Both
structures are entirely produced by the Malpighian layer of the
epidermis.
2. Claws of Birds

In most cases the claws of birds are confined to the toes, al-
though Archazopteryz, the oldest known bird, had three finger-
claws on each wing, while
some existing types of run-
ning birds (Ratitz), have

T iy
o -'-"".-;|.'|_|| y 1" ;
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Fig. 169.—Mexican jacana, Parra, with
long straight claws which inerease its

F'16. 168.—Young hoactzin, ability to run over lily pads without
climbing a tree by means gsinking in the water. The male also has
of claws on wings. (Af- spurs on its wings with which to fight.
ter Luecas.) (After Plate.)

elaws on the degenerate first and second fingers. The young
hoaetzin, Oposthocomus, of British Guiana, also has claws on its
wings which enable 1t to venture from its nest and to seramble
about in the trees on all fours like a lizard (Fig. 168).

In general pattern the claws of a bird are reptilian although
they assume a wide variety of forms adapted to correspondingly
different functions. Those of a chimney swift, or a woodpecker,
for example, are slender and sharp for hanging on to rough sur-
faces; those of the domestic fowl are blunt and stout for seratching;
those of hawks and owls are hooklike talons for grasping prey;
while the Mexican jacana ([ig. 169), has long straight claws on
the ends of its elongated toes, enabling it in capturing its in-
sect prey, to ski over unstable lily pads that float on the sur-
face of the water.

Certain species of the grouse family (Tetraonidz), undergo a
periodic shedding and renewal of the entire elaw, reminding one
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of the changes undergone by other epidermal structures, such as
the antlers of a buck, or the corneal layer of a snake’s skin.

3. Claws of Mammals

Mammalian claws cover, somewhat like a thimble, the terminal
bony phalanx of each digit. They consist (Fig. 167, 2), of the
unguis and subunguis of the reptilian claw, and besides of a terminal
pad, or cushion, on the ventral side of the digital tip, just behind the
claw itself. The animal bears its weight upon these cushions, the
corneal layer that clothes them
being considerably thickened in
consequence. Usually the domi-
nant unguis becomes laterally
compressed and curved down to
a point, with the result that
the subunguis is much redueed.
The claws of a cat are sharp
Fia. le]l.—-Retractile.elmv of a cat. and retractile within a protect-

(After Hesse.) ; : - .
ive sheath (Fig. 170), thus being
kept unworn to be extended for use only in emergencies. The
dog has duller claws, that are more exposed at all times, and
particularly so when it runs, for then, they may together with
the pads, even come into contact with the ground.

Bats and sloths have claws developed into elongated hooks
which, though making locomotion on the ground awkward and
difficult, are very useful when these animals hang themselves up-
side down, as is their habit.

There are two striking modifications of mammalian claws.
In one case the unguis thickens enormously into a shoelike hoof,
which is so convex that its edges reach all the way around to the
ventral side and eome into contaet with the ground. In the other
case the unguis becomes flattened into a conspicuous nail, the
subunguis shrinks into a narrow rudiment under the projecting
eaves of the nail, and the terminal pad becomes transformed
into a sensitive ball, occupying the entire ventral side of the
digital tip.

4. Hoofs

In a typieal hoof (Fig. 167, 5), such as that of a horse, the sub-
unguis fills in ventrally the space between the edges of the unguis,
while behind this the pad forms into a tough mass of material,
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called the “frog,” that serves somewhat the same purpose as a
rubber heel on a shoe. Hoofs, like the thick-soled shoes of a
traffic policeman, are designed to support the heavy weight of
the body in such animals as bear their weight for long periods
while standing, and which need a firm founda-
tion. The heavy elephant, which has a hoof on
each toe, is particularly well provided with
““rubber heels” (Fig. 171).

The surefootedness of hoofed animals, such
as the donkey and mountain goat, 1s in part due
to the fact that the softer subunguis wears
away faster than the harder outer edge of the
#  unguis, thus insuring a constantly well-shod foot
Fra. 171.—Foot of with a sharp, hard edge, in spite of destructive

:ﬁwii];sgga‘?;{t contact with the rocky ground.

Bt ool los ;. ait

heel.” (After  Nails oceur in man and other

e Ry primates where they reinforee
and proteet the sensitive finger pads, which play
such an inecaleulable réle in life. When one at-
tempts to pick up a pin, for example, with the Fic. 172.—Tip of
fingers encased in gloves, thus lessening the sen- E'J':"T*‘]'L'I'm‘l'}a’;"“;!{
sitivity of these organs, he is brought to realize corneum (epo-
how much he depends upon the sense of touch :f,fi;:*,ﬁ;",;“dlm;
in the finger tips. the nail at its

The human nail, which corresponds to the ungual ~ P3s¢:
part of the claw flattened out, is made up from the closely com-
pacted epidermal eells of the stratum lueidum, or the lifeless remains
of what were once Malpighian cells. Whenever transient white
flecks appear in finger nails they are due to accidental air-spaces
imprisoned between the dead, horny seales of the stratum lueidum.
During growth the distal part of the nail is continually advanced
toward the tip of the finger or toe by additions from the thickened
germinal matrix of Malpighian cells at the base, the position of
which, particularly on the thumb, is marked by a white half-
moon, or lunule (Fig. 172). The pinkish color of the nail, aside
from the lunula, is due to its translucency, which allows the
blood beneath to show through. The whole nail pushes out through

the superficial corneal layer of the epidermis, leaving a ragged
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posterior margin of corneum, the eponychium (Fig. 173), that may
be seen encroaching over the lunula. Under the free outer edge
of the nail, where the continuity of the corneum is again broken,
is a narrow transitional region
which is all that remains of the
subunguis of the reptilian claw.
Dirt colleets here. The refine-
Corneun layer

Ipu'n:'th layer j Nail (lveidum [ayer

d_—“‘a_:’,.--""'

Fra, 173.—A diagram of a long section
through a finger tip, showing the rela-
tion of the corneum and the Malpighian
layer to the nail. The large arrow
points the direction of growth, and the
small arrow indicates the lunula region, Fra. 174.—Chinese finger nails that
where the Malpighian cells are most have been allowed to grow un-
active. trimmed. (After Martin.)

ment of manicuring consists largely in atfending to the ragged
frame of eorneum through which the nail itself projects.

The rate of growth of human nails, which may be easily noted
whenever one establishes a landmark for reference by accidentally
hammering a finger nail and mak-
ing a ‘“blood blister,” is roughly
an inch in six months. If never
trimmed or broken, nails ought
theoretically to be over ten feet
TP P s il , long when one reaches the allotted
Fi16. 175. — Cross section through {1l PR

the finger tip of a child showing #4=¢ 0 threescore years and ten

relation of epidermal layersin the ([jg, 174),

formation of the nail. e, epony- =

chium, the part of the corneal In the human fetus the twenty

IF.L}jl']‘ IFIHT ['I!l."]_‘lfil-'_il.‘_']lf‘H PO ”I[‘ 1'1:111:.,' ;Hjl'}p;“- as t,pr]“i“a] ﬂ]-l-llfll]iliiﬂn‘

nail; m, Malpighian layer; s., ... e i al

stratum lucidum which forms the l1ke epidermal thickenings at about

nail. (Bone is shown in black.) the ninth week. By the twelfth

(After Lewis.)

week they are perfeetly formed,
but it is not until considerably later that they finally migrate
into their dorsal position (Fig. 175).
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The transition from the laterally compressed claws of most
maminals to the flattened nails of primates, 1s seen in certain
lemurs which have claws on some of their

A8 digits and rounded nails on others (Fig. 176).

D. MiscELLANEOUS CORNEAL STRUCTURES

Horny beaks are epidermal structures char-

i ¢ s acteristic of birds, the toothless turtles, and

Fxg.lﬂll;f;r— ;fif{éﬂ;;f monotremes. Among birds, particularly, they

showing four nails exhibit a great diversity of form, and serve
%E;lx‘l]:; fl""“" (After 4 wide range of uses.

Some male birds such as gamecocks, for
example, also develop horny spurs upon the legs with which they
settle questions of supremaecy upon the avian field of honor
(Fig. 177). The male jacana, which strikes at its rival with out-
spread wings, is armed with effective wing-spurs (Fig. 169).

s e '.

: Pectoral -~
k_,i,i' j) g:rdla'
o /-~ Propterigium

7 r_Mesopterigium
: ~-!*1E'lgpter?i§ium

5

Fig, 177.—8Spur of a fighting  Fia. 178.—Pectoral girdle of a dogfish, show-
cock. ing acfinolrichia, or horny rays. (After
Parker and Haswell.)

Many fishes have horny, epidermal, supporting rays, acti-
nofrichia (Fig. 178), as well as bony elements, between the folds
of skin that constitute the fins.

The great sheets of *“whalebone” (Fig. 179), with their frazzled
edges (Iig. 180), that fill the mouth cavity of toothless whales
with an elaborate mechanism for straining the myriads of small
marine organisms upon which these giants feed, are not *“bone”
at all, but horny epidermal structures that have assumed a posi-
tion inside the mouth.
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The rattle on the tail of a rattlesnake (Ifig. 181) is a unique
corneal apparatus. Each time, as the snake molts the outer layer
of the epidermis, a button or ring of corneum remains behind to
record the fact. These rings are dry and
loose enough to make a rattling noise when
the thrill that an excited snake feels reaches
the tip of the tail.

Camels and dromedaries are provided with
thick corneal knee pads (Fig. 182), which
protect these heavy “ships of the desert”

F1a. 180.—The lower
end of a single
“whalebone ™ plate,
showing the horny
brushlike edge that
serves as a retaining
strainer for the mi-
croscopic  animals

into the

mouth. (After

Fic. 179.—Jaws of a whale, Balena,
with plates of *whalebone” taken
hanging from upper jaw. (After
Nuhn.) Nuhn.)

when they collapse to a kneeling posture before lying down upon
the sands, while the astonishing erimson and lilac callosities upon
the seat of the African mandrill, are still another kind of epidermal

— modification, servi ng
Wig

these interesting ba-
fEa o= boons as peripatetic
sofa cushions.

\. PR 3. Feathers

Fig. 181.—The rattle of a Feathers are intc‘gu—
rattlesnake, Crofalus, with ¥ B o o r %
eleven rattles. The lower mentary structures char- . 152.—Knee

figure is a long section, aeteristic of birds. They Pad of thick-

showing the vertebra in : . . ened corneal

black, with the horny rat- 8¢ extraordinary modi-  substance on a

tles fitting loosely one over fications of the epider- c¢amel. (After

the other. (After Garman.) . 1: Jansen.)
mis,—strong, light, elas-

tie, and waterproof,—which are particularly fitted to the needs
of animated flving machines. In the Jurassic Period, when
birds made their debut, so far as is known with ancient Arch-
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zopteryx (Fig. 44), they were clothed with unmistakable feathers,
probably homologous with reptilian scales, although evidence for
this is mostly embryological, since neither comparative anatomy
nor pal@ontology show any transitional structures between
scales and feathers.
The apparent scales on
the wings of the sea-
going Antaretic pen-
guins are not secales at
all, but miniature
flattened feathers, as a
close examination at
once reveals. 5 T
Fra. 183.—Developing feather. 1, epidermis; 2,
The germ of a devel- ~ 5ium: 3 papilla; 4, shaft; 5, barbs. The
R i e o o el ont Gt
as a hollow papilla of o)
epidermal cells which
sinks somewhat into a pocket of the skin (Fig. 183). The epi-
dermal papilla is filled at first with a plug of dermal cells from
below, but as the epidermis becomes hard and ecornified, this
dermal plug withdraws, leaving the hollow lifeless quill inserted
in the skin (Fig. 184). The embryonic feather is thus at first

e i - F oy
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Fic. 184.—Developing feather of pigeon. epid, epidermis; cor, corium; s.c,
subcutaneous layer; pap, papilla; @, quill; mus, involuntary musele; e.e,
corneal cups left in the quill by the withdrawal of the papilla. (After
Krause.)

a tube of cornified epidermis, set in a pit of the corium. Inside
the tubular embryonie feather the wall down one side is thick-
ened, and later becomes the shaft from which the slanting barbs
of the developed feather extend. That portion of the tube
opposite the shaft, which is the region of the distal tips of
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the future barbs, is very thin, and along this thin line the rolled-
up feather splits, before it spreacds out flat to assume its definite
shape.

A typical feather (Fig. 185), therefore, is an elaboration of the
lifeless corneal layer of the epidermis. It consists of a horny
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FiG. 185.—A typical feather from a ]:Jl*.!i{:;ﬂl‘l. {Drawn by Martha S. Whit-
marsh. :

shaft, hollow at the inserted end, from the sides of which the
lateral barbs and barbules extend. The barbules on the sides of
each barb, like mieroscopie erochet hooks, interlock with those
of the neighboring barb (Fig. 186), thus forming a continuous
expanse, called a vane, that makes a fanlike surface resistant to
alr when in motion.

There are three kinds of feathers, namely, quill, down, and pin-
feathers. Quill feathers may be further deseribed as tail, wing,
and contour feathers, devoted
respectively to the funections
of steering, flyving, and thateh-
ing. Tail and wing quills are
larger and more rigid than the
lighter and more delicate con-
tour feathers that serve to fill
out the inequalities of the sur-
face of the body, giving grace
of curving outlines to a living
bird, but conspicuously ab-
sent in a dead bird from
which the feathers have been
plucked.

There are two kinds of down feathers, namely, powder down
(Fig. 187), and nestling down. Powder down feathers are char-
acteristic of adult birds, and are concealed among the contour
feathers, being particularly abundant on the breast and abdomen
of herons and birds of prey, where their heat-retaining quality

Sl

Fra. 186.—Detail of a feather. (From
Plate, after Mascha. )
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aids in the incubation of the eggs and the proteetion of the semi-
naked nestlings. Moreover, they shed tiny, powdery seales,
together with fragments of delicate, fragile barbs, thus effecting
a sort of sanitary cleaning of the plumage in those birds whose
nests are particularly liable to
be daubed with exereta and the
remains of animal food.
Pinfeathers, whieh superfi-
cially resemble hairs, are com-
plemental in strueture to down
feathers, sinee they have prac-
tically no barbs, but instead
consist almost entirely of the
shaft, which is missing in down
feathers. Pinfeathers are seat-
tered quite generally over the
body among the contour feathers,
although in ecertain birds, such as
flyveatehers and whippoorwills,
they become localized about the
mouth opening, where, like a che-
vaux de frise, they aid in entang-
ling insects caught on the wing.
In a quill feather, stabilized interlocking of the barbules oceurs
only in that part of the vane which is not covered by other feathers,
while the shaft does not project outwardly, but is smooth and
flush with the exposed surface, thus minimizing frictional resist-
ance during passage through the air. Upon the effective down-
stroke of the wing, the vanes of neighboring feathers close up
together, presenting to the air a common impervious surface, and
upon the return upstroke separate somewhat, letting the air
through with less resistance. An entirely different arrangement
is charaeteristie of down feathers which have nothing to do with
locomotion, since they are merely tufts of free barbs, the barbules
of which are without the dominant shaft of the quill feather.
The plumage of a bird consists of all the feathers taken together.
It is periodically shed and renewed. The first plumage of young
birds is the transient nestling down, which appears as flufiy
tufts on the tips of the emerging contour feathers. In due time
these nestling feathers wear off and are replaced by the unfolding

FiG. 187.—A powder down feather.
(Drawn by Martha S. Whitmarsh.)
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quill feathers. In the first plumage it is the tip of the epidermal
tube that frays out like a brush to form the nestling down feather,
which is fated to wear off after temporary service. The nestling
down is replaced by the juvenal plumage, which is made up of
the first coat of true quill feathers. This lasts the young bird
through its first winter, when in most cases it is replaced by the
nuptial plumage that heralds the first love affair in the spring.
In autumn, after the adventure of raising the first family has been
accomplished, the nuptial plumage, now faded and shabby, is
exchanged for a postnuptial plumage. Every vear thereafter that
the bird lives, there is a new postnuptial plumage after the breed-
ing season and, in the ease of many birds, an additional nuptial
plumage in the spring.

This process of exchanging one coat of feathers for another is
called molting. When a dead feather loosens from its socket in
the skin and is lost in molting, the living Malpighian epidermal
cells at the bottom of the pit in the skin, backed up by nutritive
resources from the underlying corium, grow out into a new em-
bryonic feather tube, which in turn unrolls to take the place of
the one that was lost. Water birds, gallinaceous birds, and birds
of prey are said to be precocial, because they hatch out fully
clothed in nestling down, while certain other birds, such as king-
fishers and woodpeckers, are deseribed as alfrieial, because they
hatch almost naked and only subsequently aequire their first
dress of feathers.

Although the feather coat forms a remarkably complete cover-
ing over the body, the insertion of individual feathers in the skin
is by no means equally spaced. Feathers are attached in localized
patches, called pteryle (Iig. 188), between which there are naked
areas, apleria, which are covered by overlapping feathers from
neighboring pteryvle. No doubt apteria in such areas as the
“armpits” and the inguinal region, facilitate freedom of loco-
motion in much the same way as do loose running trunks on the
legs of a sprinter. Apteria on the abdomen of a bird may also be
useful during incubation, beeause the eggs are thereby snuggled in-
to more direct contact with the warm body of the brooding mother.
The constancy and orderly arrangement of the various pteryle
has been used by systematists in determining the relationship of
different kinds of birds for purposes of classification. Ostriches,
toucans, and modern penguins are apparently exeeptional, in
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that they do not, in adult life, show the arrangement of feathers
in pteryle and apteria, but that this is merely a secondary and
not a primary condition is indicated by the fact that fossil (Ter-
tiary) penguins, and embryonie ostriches, show- distinet pteryla.
Loeal deviations in feather arrangements, usually associated
with secondary sexual characteristies, are frequent, as, for instance,
the erests and ruffs of various birds, and the spectacular tails of
peacocks and fantail pigeons. In that strain of faney poultry
known as ‘“frizzles,” the plumage has departed from nature’s

/

Fra. 188.—Pteryle, or feather tracts on the body of a cock. (After Nitsche.)

approved style by reason of the twisting of the feather shafts,
but it is doubtful whether these eurious frowzy birds could sue-
cessfully maintain themselves out of domestication.

The shingle-like lay of the feathers is, with reference to the bird’s
locomotion, directed from the head toward the tail. This makes
possible the retention under the feathers of a layer of warmed air
next the skin during rapid flight, which would be blown away
if the feathers were arranged in any other fashion. '

The remarkably varied color of feathers is due to one or both of
two factors, namely, chemical pigments and the physical refraction
of light. The latter cause gives rise to iridescent effects, like that
seen on the throat of a male hummingbird, whereby changes of
color result from changes in the angle of observation. The usual
pigments are black, red, and yellow, other colors being eombina-
tions of these fundamental ones. Pigments are deposited mostly
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in the exposed parts of feathers, and only during the period of
their growth. After they have become differentiated lifeless
structures, there is no way to add pigment granules to them, so
that change in color of plumage can then only oceur by the fading
of pigment in the feathers, by the wearing away of parti-colored
tips, or by the complete molting of old feathers and their replace-
ment by new ones. The color of nearly all green feathers is due
to refraction instead of pigmentation, although a green eopper
pigment has been extracted from the feathers of the West African
“touracou,”’ Turacus.

Frequently contour feathers present complicated variegations
of eolors which combine to form patterns, involving parts of many
neighboring feathers. Thus a white wing bar or a blotch on the
breast, 1s in reality a baffling mosaie, made up of unequal frag-
mentary contributions of color from many scparate overlapping
feathers, which have grown independently into harmonious posi-
tions with reference to each other. No wonder that Darwin is
said to have remarked that trying to think out a peacock’s tail
feather made him aectually sick!

In the process of molting, the feathers in the middle of the
separate pteryle are the first to fall out, and this loss and its
replacement extends from these ecenters to the margins of the
different feather islands. Sometimes a molt is incomplete and
does not involve each entire feather, but is simply the wearing
away of a colored tip. This may be quite effective, however, in
accomplishing a change in general appearance, as, for example,
in the ease of the male bobolink (Dolichonyx oryzivorus), which,
by the gradual wearing off of the differently colored feather tips,

changes from a distinetive coat of black and buff patches in the

spring to an ineonspicuous, streaked, sparrow-like plumage in the
fall.

4, Hair

Just as feathers characterize birds, so hairs are the integu-
mental hallmark of mammals. Even such apparently hairless
mammals as whales and sea cows, are clothed bhefore birth with
embryonic hair, while the bare, thick-skinned rhinoceros and
hippopotamus have sparse, bristly hairs about the snout, and
the big, naked elephant has a small tuft of hair at the end of
its ridiculous tail.
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Hair serves a variety of uses besides the obvious benefit of
affording general protection. The air-imprisoning pelt of a fur-
bearing animal retains the body temperature; the thick mane of
a wild horse is a specially placed buffer against earnivorous ene-
mies, pounecing upon its otherwise unpro-
tected neck; the squirrel’s frisky tail is a
portable blanket in which it ean eonveniently
enwrap itself: the long hairs of a horse’s tail
form an effective brush to ward off pes- -
tering inseets; the stiff sinus hairs, or wib- s
rissee, that supply the snouts of many mam- . s (1,3{}_1‘;1?:“;:';’;‘“1“{
mals, are sensitive “feelers” (Fig. 189); and  sensory halo that
lastly, whatever color scheme is carried out f::;tglﬂ:ﬁfghamrhﬁ:g
upon the body of mammals in general, is due  body of the eat to
principally to the hairs as color bearers. pass through.

In structure a single hair (Fig. 190) is an epidermal shaft,
projecting usually at an acute angle from a pit or depression in
the skin. That part of the hair coneealed in the pit is the roof,
which expands at the base into a club-shaped bulb, where living

Malpighian eclls that continuously

i ],_m“ produce the dead shaft from below,
gy are concentrated. Direetly beneath
—-epidermis  the bulb, and in intimate contact
_-."-mnlmg P with it, is an upward-projecting
1 jovtar dermal papilla, containing capillaries
N and nerve endings which supply the
hair root. Two corneal layers of
'ﬁ ~¢land  cells, namely, Huxley's layer on the
R inside and Henle's layer on the out-
wr==corium  gide, surround the root, and to-
j gether constitute the inner root
sheath. Other epidermal ecells that
form the outer root sheath, line the

i II;i;],E:J;H S ebaia o w Kt walls of the pit. The root of the
(After Haller.) hair with its two sheaths makes up

the hair follicle. Opening into the

pit from the side are sebaceous glands, which produce an oily
secretion that renders the dead hair shaft less dry and brittle,

In cross section a hair shaft (Fig. 191), typically shows three

kinds of cells, namely, an inside core called the medulla; a sur-
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rounding ring, the corter, making up the bulk of the hair; and a
thin, outer, single layer of shingling cells, the cuticle.

Although the root of the hair may be embedded deep in the
corium, the entire structure is epidermal in origin, except the
papilla which is dermal. The shaft of the hair
usually tapers towards the free end and does
not branch, although bristles sometimes split
distally. Frequently hairs taper also toward the
root end, particularly near the point where they
emerge from the skin, so that they tend to bend
easily, or give way, instead of breaking off
upon rough contact with external objects.

Fi. 191.— Cross  Jach hair is supplied with a strand of in-
section of hair. g _

voluntary musele, arreclor pili, running from

near its base to the superficial region of the corium, on the side

toward which the hair slants. When this musele shortens, the
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Fra. 192.—Diagram showing, A, the more usual hair ecurrents upon the front
or ventral aspect of the trunk, and, /2, on the back or dorsal aspect of the

trunk. (After Kidd.)

hair tends to “stand on end,” and, if this condition is pronounced,
the skin assumes the appearance of “gooseflesh.” The aection
of the arrectores pilorum is particularly noticeable upon the
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seruff of an angry dog’s neck, or upon the tail of a frightened
cat, when these animals take on a more terrifying aspect as the
result of this reflex.

The slant at which single hairs emerge from the skin varies in
such a way that, in their direction, the hairs, taken together, form
vortices and streams as they lie over the suwrface of the body
(Fig. 192). This is particularly apparent in the horse or short-
haired dog. Convergent vortices form around the base of projecting
structures, such as horns, the tail, and , U o
the umbilical cord. These hair whirl- Y L S
pools persist even after the structure 8 ...

around which they converge has dis- ¢ ... G ot
appeared. For example, in man they S ¢ J

ersist about the umbilicus, and at the s

persis : e = e .@ K
spot in the coceyeeal region where the Aisa S

vanished embryvonic tail was fﬂl"lllf'l.‘l:i_.-' Fosos. ggg.ggg I,
located. Perhaps the most familiar o9 e
example of divergent whirlpools is on g%+ S0 o g

® © goM

the human scalp at the vertex of the DO Oos

Fra. 193.—Hair groups of dif-

crown, where the hairs are centrifugally
ferent mammals. A, Myop-

arranged. Other divergent vortices ap-
pear in the axille and around the nip-
ples, the latter being particularly ap-
parent in men with hairy breasts. The
coarse hair of the sloth 1s divergently
parted down the mid line of the

tamus, a 3-group behind a tail
scale; B, Midas rosalia, 3-
group of back; ', Cercopithe-
cus cephus; D, Ericulus nigres-
cens; B, Calogenys paca; I,
Tragulus javoricus; G, Dasy-
procla agquti; H, Loncheres
eristata; I, Auchenia paca; J,

Canis familiaris; K, Ornitho-
rhynchus; L, Castor canaden-
sts; M, Lutra vulgaris. (After
de Meijere.)

belly, instead of down the back as in
most animals. This is an adapta-
tion for shedding the rain, since these
animals eustomarily hang suspended upside down from horizontal
branches of trees.

Although hairs are not arranged in definite patches like the
pteryle of feathers, yet they do emerge from the skin embryo-
logically in orderly array with reference to each other (Fig. 193).
In man they appear in groups of twos, threes and fours, with the
largest hairs in the middle of each row (Fig. 194). These rows in
turn are spaced in such a way as to suggest that each group is
homologous with a seale. This idea is further borne out by the
arrangement of the hair groups in other mammals, particularly
those of the armadillo and the anteater, where scales are
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actually present with a definite group of hairs behind each
scale (Fig. 195),

In mammals other than man, localized masses of hair appear
as fetlocks, tufts, manes, and as tail modifications of various
sorts. It is because of the peeu-
liar arrangement of hairs on the
tail that a horse brushes away
annoying flies with a “swish” of
long hairs, while a cow accom-
plishes the same result with a
“flip’of a terminal tassel.

Hairs occur in various shapes
and forms all the way from hard
rigid spines, like those of the por-
cupine, hedgehog, spiny mouse,
ST ; ; Ty and Australian anteater, to the
Fic. 194.—Tangential section Z

through the human scalp, show- soft delicate wool of sheep and

laon B0 sy (Aftor Narsinj 80ats. The bristles of swine are

stiff, elastic hairs, with split ends,
in which the outer cuticle layer predominates. Fur is composed
of dense, soft hairs, frequently lacking the medulla, with a few
long coarser hairs inferspersed. Wool is usually rough or scaly
on the surface, and twisted. Consequently it spins well because
the separate hairs interlock easily. Sinus hairs, or ‘“feelers”
(Fig. 189), that radiate from the inquisitive noses of nocturnal
prowlers, such as eats, rats, and weasels, are each seated in a
large papilla especially well provided with nerve
endings, so that any chance ‘contact which dis- ﬁ

turbs the stiff outstanding shaft, 1s communiecated

at once to headquarters through the mechanieal
agitation of the sensory papilla. Fi6. 195.—Scales
The unusual beard on the faces of goats and and hairs from
: ; : ; the tail of the
man is the very latest evolutionary style in hair  anteater, Myr-
differentiation. That the beard is not a relic of mecophaga.
- i (After Weber.)

the past but a propheey of the future, 15 evidenced
by its sharp differentiation in the male sex, by its late appearance
in the individual, and by the fact that it is much less apparent

in the more primitive races.

Although man is the least hairy of the mammals, with the excep-
tion of the aberrant whales and sea cows, a comparison of his

ot el il
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embryological development shows his close relationship to the
other members of the order of Primates. The first evidence of hairs
in the human skin is in the form of bunches of epidermal cells
which, because of the displacement resulting from their rapid
multiplication, grow down like plugs into the corium (Fig. 196).
These epidermal plugs become the hair follicles. The bulb of
each follicle, with its surrounding outer and inner root sheaths,
soon differentiates, and
the newly formed
lengthening shaft pushes
out towards the surface,
loosening the temporary
epitrichium which at
this time covers the
body like a gauzy en-
velope. The hairs
emerge first at about
the fifth fetal month,
in the region of the fore-
head and evebrows,
eventually becoming a
transient coat of deli-
cate, embryonie fur,
called lanugo (Fig. 197),
which clothes the entire
body with the exeeption

Fra. 196.

; Four stages in the development of a
. hair. A and B from embryo of sheep. (After
of the palms, soles, nails,  Schimkewitsch); € and D from mole. (After

Maurer). ep, epidermis: ¢or, corium.
and the spaces around aurer). ep, epidermis; cor, corium

the apertures of the external genitalia. The lanugo usually reaches
its highest development during the eighth fetal month, when it
begins to be replaced by the permanent hair, at least over certain
parts of the body. It remains longest on the shoulders, and in
many instances is still in evidence at birth.

The permanent hair in attaining its growth becomes loecalized
in distribution, and differentiated for various uses. It is thickest
on the top of the sealp, since it was originally adapted to shed
the rain which fell on our hatless, arboreal ancestors. In apes,
which assume a semi-ercct posture with the erown projecting
somewhat forward instead of upward, the hair is thicker on the
scruff of the neck than on the top of the head, as would be expected
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from its rain-shedding funetion. In man hair is also econ-
spicuously specialized in the form of eyebrows, eyelashes, and as
guardian of the nasal and external ear passages against dust
invasion. At the pubes and axillee, patches of hair, that perhaps
tend to lessen friction, develop at puberty, while the remainder
of the human body, which normally appears comparatively bare,
is supplied in varying degree
with hairy reminders of
other days.

Hairs are straight, wavy,
curly, or kinky. In cross
section the series varies from
nearly round, in the straight
head-hair of the Japanese,
to elliptical in the kinky
hair of the Hottentot (Fig.
121). The papilla of curly
or kinky hair is bent or
flattened, with the result
that the shaft grows out
faster on one side than on the
other. Pubic and axillary
: hairs usually curl, even in
Fig. 197.—Face of an embryo five months Straight haired people.

El{gl“l{"!!:fi{éf%gic:; }tumpumr}'lmir cover-  Apeording t-[:-- its, Hlﬂ,}'l]l[—!l‘

of growth, hair is either
defintlive or angora. Definitive hair grows until a certain length is
attained, when the medulla becomes pinched oftf from its base of
supplies in the Malpighian cells of the bulb (Iig. 198). Then the
lifeless hair loosens and is shed, and a new hair starts to grow.
The interruption in medullary growth at the root of an angora
hair, on the contrary, does not oceur so often and completely.
The shaft continues to lengthen so long as the follicle remains
intact. In man the body hairs are definitive, while those of the
scalp are angora. This latter circumstance keeps the barbers in
business.

The color of hair 1s due to pigment deposited during growth
in the intercellular spaces of the cortex. When hairs “turn gray”
there is a reduetion in the amount of pigment present, and an
increase in the number and size of the light-reflecting air spaces

AL T SEER R e T
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between the cells. Gray hair in man appears first at the “ temples,”
situated over the temporal bones, which are so ealled because
here the flight of time is marked (““ Tempus fugit’’). In dogs the
graying of hair begins on the snout, while in mice and rats it may
be anywhere on the body. Some animals, such as the variable
hare, Lepus variabilis for example, show a seasonal whitening
of the hair coat, that brings them into har-
mony with their snowy habitat in winter. thus
insuring them protective coloration.

Data as to particular differences in human
hair have been gathered in certain cases. For
instance, the head-hair of blondes is usually
finer, longer, and more dense than that of
brunettes. Some one has made an estimated
census, after a partial eount, of the number of
head-hairs on four females with the following Ii“

result: blonde, 140,000; brown, 109,000; black,
102,000; red, 88,000. A mathematical mo-
ment with a pad of paper and a pencil reveals
the fact that, if the typical blonde lady in J

question should have her hair “ bobbed,” she
might thereby dispose of something like 80 or A
90 linear miles of hair.

Fra. 198.—A, base of

Ecdysis, or molting, which is such a uni-
versal phenomenon with other epidermal struc-
tures, oceurs regularly also in the hair coat.
With most mammals shedding the hair 1s more
pronounced in spring and early summer than
at other seasons. With man it is a continuous
proecess, involving a normal daily loss which
may be increased under pathological condi-

tions. A single head-hair, aceording to Lewis,

hair, fully grown,
of definitive growth
type. B, base of
angora hair of in-
definitive growth
type. (From cam-
era drawings of the
same magnifica-
tion.) C, cortex; F,
follicle; M, medulla.
(After Castle and
Forbes.)

lasts for four or five yvears, while eyelashes are replaced in as many

months.
results in baldness.

A failure in the replacement of the hair of the secalp,
There are two general types of baldness. In

one the divergent whirlpool of hair about the vertex is the first
to go, when the subjeet comes to resemble a tonsured monk. In
the other the hair retreats from the forehead, leaving an inereas-
ing expanse of apparent intellectuality with the passing of the
years.
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Under pathological conditions, unusual abundance of hair
(hypertrichosis) or abnormal absence of hair (atrichosis) may oceur.
The latter condition is frequently associated with defective de-
velopment of the teeth. When embryonic lanugo persists it is
spoken of as pseudohypertrichosis as distinguished from hyper-
trichosis vera, exemplified by the presence of superfluous hair in
the case of bearded women and shaggy men.

5. Friction Ridges

Upon the tips of human fingers peculiar ridges may easily be
seen, called friclion ridges, because they aid to a certain extent
in preventing the fingers from slipping when brought into contact
with objects. Friction ridges should not
be eonfused with the universal tiny fur-
rows and wrinkles that beset the skin.
They appear only upon those areas that
come habitually into contact with objects,
particularly upon the palmar and plantar
surfaces of the hands and feet of man, as
well as of certain other mammals, and
also upon the concave side of the pre-
e hensile tail of the long-tailed American
F1a. 199.—Prehensile tail of monkeys (Fig. 199). They are absent, for

& monkcy, Aldes, show” example, from the middle of the back,

gion of contact. (From the forehead, and from the rim of the

:Iﬁ:;lgﬂ*";mﬂ“’{ Heredity. oqp since these regions are not used in

taking hold of things.

A histological examination reveals the faet that the epidermis
in these friction areas is elevated into ridges on account of a
definite development of inequalities in the underiying papillary
layer of the corium, and along the ridges thus thrown up pores of
sweat glands open, like eraters along the peaks of a voleanie
mountain chain (Fig. 124). Friction ridges are arranged mostly
at right angles to the direction in which there is the greatest
tendency to slip, and the sweat glands opening upon them bring
about much the same result as when a workman “spits on his
hands" before grasping a tool.

The friction areas are intimately associated with padlike epi-
dermal elevations, or tor:, that originally appear upon the palms
and soles. Typically there are eleven of these elevations of the skin
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on the contact surface of a hand or foot, namely, five digital areas,
forming the balls of the fingers or toes; four interdigital, on the palm
or sole near the base of the digits; one thenar, and one hypothenar,

Fra. 200.—Arrangement of the fori, or elevations which become the friction
areas on the palmar surface of the hand. A, diagram of typical arrange-
ment. (After Wilder.) B, hand of a human embryo of 22 mm. in which
corresponding tori are seen. (After Retzius.) dig., two of the digital
tori; in.dig., interdigital tori; Hy, hypothenar; Th, thenar.

at the posterior part of the palm or sole, on the side of the big
digit and the little digit respectively (Fig. 200). Although present
as distinet pads throughout life on the feet of certain mammals,
the mouse, for example, and also upon the hands and feet of
the human embryo, the tori as such disappear in adult man. As

Fia. 201.—Diagrams of the four main types of finger patterns. The whorl
and the composite have fwo deltas; the loop, one, and the arch, none.
The loop may be a radial loop, or an ulnar loop according to whether it
opens outward toward the thumb (radial), or toward the little finger
{ulnar). (After Wilder and Wentworth.)

the human embryo grows older, these elevations or pads become
less pronounced, and eventually are flattened to form the frietion
areas.
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The various minute patterns which the ridges of the frietion
areas assume, are all definitely established before birth, and retain
their individuality, except for slight increase in size, throughout
life. Sinece they are unlike not only in different persons, but also
on the twenty fingers and toes of the same person, they furnish
an excellent means of personal identification. They may be
roughly classified into as few as six general types, namely, whorls,
ulnar loops, radial loops, composites, simple arches, and tented
arches, as indicated in Fig. 201. The combinations of these
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Fig. 202.—Two sets of finger prints, superficially alike but quite different
in detail. A, print of the middle right finger of J. C. (Magnified two di-
ameters.) The area enclosed in the square is shown below in an en-
largement of 11 diameters. B, print of the right middle finger of J. W.
{Magnified two diameters.) This was selected from several hundred prints
of middle right fingers in the endeavor to get the nearest match to A.
The corresponding enlarged square below shows distinet differences that
are |imt- evident upon superficial examination. (From Wilder and Went-
worth.)

types upon the fingers of both hands taken together, and the
infinite variation in the minutiz that each type reveals upon
careful serutiny, makes possible an almost unlimited subdivision
and classification. Thus it has come about that finger-print
codes have been worked out, which may even be telegraphed
from one part of the world to another in the interests of personal
identification.



A JACK OF ALL TRADES 245

Just as primitive peoples in the past have frequently employed
indelible tattoo marks in order to distinguish themselves unmis-
takably from their fellows, so friction ridges, which are “na-
ture’s tattoo marks,” may be made to serve a like purpose. By
reason of the fact that finger prints are easily made and kept on
file, they can be utilized conveniently in a variety of ways. Upon
a bank cheque, passport, or non-transferable document of any
kind, for example, such a personal imprint furnishes a unique
signature which eannot be forged. In the case of soldiers, sailors,
the personnel of large industrial plants, babies at maternity hos-
pitals, inmates of institutions, eriminals, undesirable immigrants
once rejected, dead bodies recovered from disastrous catastrophies
or accidents, aphasia, and in many other instances, finger prints
offer a simple and invaluable means of establishing identity (Fig.
202).

Since the time of Galton’s pioneer work on finger prints in
England,! and the appearance of Mark Twain’s whimsical classie, 2
in which the imagination of the story-teller anticipated the later
applications of science, the serious study and utilization of the
ineffaceable friction ridges has developed into a science by itself
with a considerable bibliography.

! Finger Prints, 1892,
2 The Tragedy of Pudd'nhead Wilson, 1804.



CHAPTER XI
INTAKE APPARATUS (DIGESTIVE SYSTEM)
I. IN GENERAL
1. The Whirlpool of Life

Life is manifested as a release of energy that involves eon-
tinuous death or destruction, for it is only by the breakdown of
cells and tissues in which energy has been stored, that life can
continue. Thus the paradox that we live by dying. There is,
however, more than one kind of death. The kind referred to in
this connection i1s the local death of eells and tissues, which is
usually accompanied by regeneration and recovery, while what
may be called general death, that is, death as commonly under-
stood by the term, is that in which the correlation of funetions
brought about by brain, heart, and lungs, is interrupted so that
it cannot again be resumed. Even in this latter case the com-
ponent tissues may live on for some time after correlation is no
longer possible, as shown, for example, by the excitability under
electrical stimulation of the muscles of a frog’s leg when the frog
has been irrevoeably killed by the entire removal of its brain and
heart.

Huxley has likened an organism to the whirlpool below Niagara
Falls. At no two moments of time is it made up of the same mass
of water, yet its identity remains, and if photographed on succeed-
ing days from the same point, the pictures would appear alike.
All living beings may thus be conceived of as whirlpools of living
matter and energy, which nevertheless maintain a continuous
individuality, throughout the duration of so-called life. The
mechanism that makes good the constant losses that are inevitable
in the mortal expense of living, is found in the digestive system.
It is with the intake aspects of the organic whirlpool that this
chapter is concerned.

2. Rate of Living

The rate at which the metabolic waters of life flow through the
organic whirlpool varies greatly with the age of the individual.
246
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During the first part of life, while growth is taking place, the in-
take, like a spring freshet, is greatly in excess of the outgo, but
later there follows a prolonged period of balance during which
losses of energy are simply made good, until finally the stream of
life lows more slowly, and becomes less and less in volume, until
it ceases entirely as the head waters gradually dry up.

It 1s not at all easy to realize the abounding life of animals
during the onset of growth. A human baby doubles its weight in
200 dayvs. A newborn mouse quadruples its weight in twenty-four
hours, and a silkworm increases its size 500 times during its first
day’s intake of mulberry leaves. Dr. Keen says:— Were the
same rule to hold, a baby weighing seven pounds at birth would
weigh thirty-five hundred pounds the very next day, and when a
month old would weigh one hundred and five thousand pounds, or
over fifty ‘short tons,” which, however, could hardly be called
‘short weight.’ "

3. Hunger and Thirst

Food, water, and air are the necessary materials taken into a
going organism. Food carries energy to be stored in the tissues
for later use. Water i1s the universal solvent necessary for manipu-
lating and shifting about materials within the organism, while
air brings oxvgen which effects the breakdown of tissues and the
liberation of imprisoned energy.

The essential concern of every animal and plant is the securing
of these three primary prerequisites for continued activity. This
faet is so obvious that one often fails to remember its importance.
Anyone who has ever tried to follow the astonishing activities of a
single wild bird during the daylight hours of one day, will realize
in part the incessant demands of hunger and thirst. Even in the
highly specialized routine of human society, the daily program
of business, pleasure, education, religion, philanthropy, politics,
and all the rest, is secondarily tucked in between meals, and
any serious deviation from the periodic exercise of the sacred
rites of intake are likely to border on the disastrous.

4. The Intake Mechanism of Animals and Plants Contrasted

Most plants are strictly on a diet. The food they use is monot-
onous in the extreme, yet there is no complaint. It is made up in
the synthetic laboratories of green eells, from universally dis-



248 BIOLOGY OF VERTEBRATES

tributed raw materials, such as carbon dioxide in the air, and water
with dissolved salts in the soil, which are taken in through the
leaves and roots respectively.

The liquid intake from soil water is soaked up by osmosis
through the delicate walls of root hairs (Fig. 203), which quickly
collapse upon exposure to dry air. This does not
ordinarily happen, however, as the root hairs re-
main protected in damp soil, since a plant is not
forced to travel about to find its neecessary liquids.

Animals, however, never have the power of
synthesizing foods out of air, water, and inorganie
salts, and so they cannot ordinarily remain an-
chored in one spot, but must forage for food that
is already made. Like plants, animals depend
upon osmotic intake through thin cell walls (Fig.
204), but these cellular middlemen between the
animal body and indispensable food ean no longer
remain without harm, like the root hairs of plants,

L on the outside of adventurous locomotor organisms.
Flfar‘jm;&{ﬁ; The intake cells of an animal
showing root must be protected from me-

g:g}:” (After ohanical injury and from dry-

ing up while their possessor is
seeking food in various places. This is the rea-
son why a digestive tube has been evolved in '
locomotor animals, which is an enclosed pas- Fic. 204.—A portion
sage-way, arranged for one-way traffic, and gf""u‘:f;é";ﬂuz :ﬂﬁﬁli
paved with thin-walled absorbing cells that ing some of the su-
correspond to the root hairs of plants. Food Ef‘fﬁ"jai cells grow-
g out of root hairs.
admitted at the entrance of this protected A thin layer of eyto-
subway is exposed to the intake cells, which Hi::::?li[ti:ﬁ]tf331(!"2::
proceed to do their osmotie duty in security, closes the cell sap.
while being transported to fresh fields of  (After Shipley.)
food supply. Thus, in one sense an animal may be compared
to a plant turned outside-in.

5. The Mission of the Food Tube
While energy is being released in the process of living by the
oxidation of the tissues, it beecomes imperative that replacements
be made from outside sourees, in other words, that food must be
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obtained. It is not enough, however, to get food, sinee energy-
containing substances cannot be utilized until they are so liquified
and transformed that they may be taken into the blood, and thus
forwarded to the needy tissues where the actual feeding, or In-
corporation, occurs., It is the mission of the digestive tube to
accomplish these transformations. We see the everyday miracle
of a cat taking a captured mouse and changing it over into more
cat, or of human flesh and blood, endowed even with personal
idiosynerasies, made out of the hodge-podge of materials that
appear on our bills of fare, and so ordinary are these occurrences
that we have ceased to wonder at them.

6. Kinds of Feeders

Animals may be classified according to the prevailing character
of their intake, into herbivores, carnivores, omnivores, parasites,
symbionts, and saprozoa. Herbivores are direct plant feeders.
Carnivores feed upon animals, but in reality are plant feeders, at
least onee removed, since the ultimate food of all animals is plants.
Omnivores feed directly upon both animals and plants. Parasites
feed upon predigested food at the expense of other organisms which
entertain them, without necessarily fatal results to the hosts.
Symbionts, such as green hyvdras and green worms of various kinds,
probably live wvieariously at the expense of microscopic green
plants embedded in their bodies, which have the ability to syn-
thesize food on the spot, while saprozoa are scavengers, as, for
example, flagellates and infusoria, specializing upon dead organisms
in the last stages of their reincarnation into inorganic material.
Vertebrates belong to the first three groups.

II. THE FOOD TUBE
1. Its Evolution

In the lowest unicellular forms of animal life, the osmotie
process of taking in food substances is performed by the outside
of the body, somewhat after the fashion of plants, as most simply
demonstrated by Ameba.

Among sponges, which take the first step in the great adventure
of eell association, the method of intake is hardly different, al-
though there is a prophecy of a digestive tube in the ciliated
passage-ways that honeycomb the loosely connected sponge mass,
through which the food-laden water is made to stream.
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That intake is far more important than outgo is evidenced in
the entire primitive phylum of the Ceelenterata, by the formation
of a mouth opening before any anus is present. Hydras, corals
and sea anemones, as well as all other typieal ccelenterates, have
a digestive sac open at one end only, and little else. Ewverything
in these pioneer animals is saerificed to securing a suitable place
for the bestowal of food. The very shape of the body is deter-
mined by the food sae, for the animal is simply an animated food
bag, decorated around the intake opening with a fringe of sub-
servient tentacles. The importance of the food tube is thus
clearly emphasized by its early establishment before that of other
structural refinements that mark the animal organism.

Even in echinoderms, of which starfishes and sea urchins are
well known forms, although an anus 1s nominally present, it plays
only an occasional role, since these devastating, devouring creatures
dispose so effectually of the food that enters their maw, that there
is little waste left over for disposal at the exit. Asa matter of fact
in the ease of the starfish, most of the food waste is not even taken
into the mouth. The stomach is passed out of the mouth in feed-
ing, and the lobes of the stomach encirele the food or prey. Thus
the indigestible parts are left behind when the stomach is with-
drawn, and there is not mueh residue to be passed out at the anus.

Worms and eaterpillars may well be deseribed as perambulating
digestive tubes, with the most important end pointed towards a
food-containing world. Directive sense organs cluster around
this exploratory end of the food tube, informing it where to go.

Vertebrates are ““worms’ with additional aceessories. Did not
the pious Isaac Watts sing in one of his famous hymns, “ What a
poor worm am 12

A vertebrate 1s in reality a double tube. The outer tube is the
protective body wall, and the inner tube, the digestive canal.
Between the two tubes is the body cavity, which makes possible
the storage within a limited space of a digestive canal much longer
and more efficient than the exterior of the animal would lead one to
expeet. Thus, the knapsack for carrying the rations is bestowed
within instead of being carried outside.

2. Increase of Digestive Surface

So long as the bulk of an animal body remains small, as in the
earthworm, a straight digestive tube has enough internal surface
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to meet all alimentary demands, but it is mathematically demon-
strable that, while the surfaces of two homologous solids are to
each other as their squares, their masses are to each other as the
cuibes of their homologous dimensions. This means that the bulk
of a growing, or evolving, animal inereases more rapidly than its
surface, with the result that a straight unmodified digestive tube
becomes inadequate to take eare of the accompanying mass. This
is particularly true in the ease of herbivores whose food is less con-
centrated than that of carnivores, and who consequently need
machinery adequate for handling more food in a given time.

There are four general ways in whieh this need of an increase
of digestive surface, which is largely a matter of the intestine,
has been met in various animals, namely, by inerease in diameter,
by inerease in length, by internal folds and elevations of various
kinds, and by the addition of supplementary diverticula.

A. INCREASE IN DIAMETER

This method is usually not extensively employed, because of
the limitations of space. As the inner tube increases in diameter,
the outer tube must also enlarge, which
tends to defeat the object to be gained.
However, certain regions of nearly every
digestive tube, such as the stomach and
large intestine, are frequently of greater
diameter than the remainder of the
tube.

B. IncrEAsE IN LENGTH
Increase in length is a universal de-
vice among vertebrates for adding to
body eavity furnishes possible space for  tadpole, A, and the young
- = : frog, Alyles, just after meta-
stowing away coils and loops of the morphosis, B, to show the
tube. The characteristic swollen shape  great difference in the di-
: gestive tract with the
of a tadpole, apparently only an ani-  change from plant to ani-
mated head with a tail attached, is  mal diet. (From Biitsehli,
2 after Reuter.)
due to the enormously lengthened di-
gestive tube, which is coiled about many times, packing the
body eavity full (Fig. 205). In man the entire digestive tube is
between twenty-five and thirty feet in length, although its ends
are only about two feet apart.
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C. INTERNAL Foups

Inerease in diameter and in length of the digestive tube makes
demands that soon encounter limits of possible space within the
body ecavity. Internal folds
within the food tube itself,
however, avoid this difficulty
by adding to the expanse to
which the food taken in is
exposed.

A longitudinal fold extend-
ing into the cavity of the

: ; . ; tube is termed a typhlosole
Fra. 206.—Diagrammatic cross section of Yl

an earthworm, showing the typhlosole (Fig. 206). Such an arrange-
which increases the internal surface of ent js present in the ey-
the digestive tube, 5

clostomes. In dipnoi, as well
as in elasmobranch and ganoid fishes, the intestinal part of the
food tube is supplied with a spiral valve (Fig. 207), which is simply
a typhlosole so much longer than the tube in which it is placed,
that it must coil around like a spiral stairway
with one margin attached while the other
is free.

Certain invading transverse folds, ealled the
plicee circulares (Fig. 208), give a washboard
effect to the inner surface of the anterior
part of the hu-
man intestine,
while countless
tiny elevations,
or villi, which
project like
the nap of vel-

Fre. 208.—Transverse ruge, plica vet from the g, 207 — Spiral
circulares, lining the colon. (After - valve of dogfisl
el A : = inner surface el SLE L 2
Cunningham. ) (After Roule).

of the small in-
testine, particularly of the higher vertebrates, produce an enor-
mous inerease of area in a minimum of space, for contact with
passing food.
D. SurPLEMENTARY DIVERTICULA
Side alleys, or diverticula, from the main tube oceur in many
instances. These are partieularly abundant in fishes at the june-
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tion of the stomach with the small intestine, where they are called
pyloric ceca (Fig. 209). They vary in number from one in the
ganoid Polypterus, and the sand lance,

esophagus - -45--- : !
sall };.1;;13% Ammodytes, to over 200 in the mack-
- A pyleric erel, Scomber.

A e Sk (Mther diverti-

cula, ecalled eolic
caeea, are found .*’L.'.:} 4 -stomach
at the junction-of {;
the small and smal
large intestines in
vertebrates be-
ginning with rep-
tiles. The ecolic
ciecum of a turtle large
15 only a shight bladder
enlargement (191g.
210), but in rab-
hits and some oo
other rodents 1t opening~

Fia. 209.—Pvlori . ¢ may become an Fig, 210.—Digestive tube
Wl LE —ryloric ceca of a ; e - of tirtles (The biitline
ol L e i?lmltlmt]hl} - of the liver 18 dotted.)

- =

(From Schimkewitsch, af- larged tube with  (After Biitschli.)
an internal capa-

ter IKrupski.)

Fic. 211.—Cemeecum and processus vermiformis in man. A, in the embryo;
B, in an adult, (After Wiedersheim. )

city nearly equal to that of the rest of the digestive canal to

which it is attached. In man the colic eweum, with its trouble-

some shrivelled prolongation, the processus vermiformis or “vermi-
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form appendix’ (Fig. 211), has outlived its usefulness and bears
an unsavory reputation. Birds typically have two colic cmca
(Fig. 212).

The large intestine of man, as well as of several other mam-
mals, is pushed out into a series of baywindow-like enlargements,
called haustra (Fig. 213), which assume
the character of diverticula, and through-
out the vertebrate series, there are con-
nected with the reetal region wvarious
problematical outpushings, such as the
“rectal gland” of elasmobranchs, the
“urinary bladder” of amphibians, the
“hursa of Fabricius' in birds, and “* anal

Fig. 213.—Haustra in the large in-

Fic. 212. —Two colic testine of man, with small di-
ceca of an owl. (Af- verticula, g}fﬂ?ifﬁ!jm‘ epiploice.  (Af-
ter Pyecraft.) ter Cunningham.)

glands’ of certain mammals, that have been made to serve sev-
eral different uses.

3. Development

In the earlier stages of a developing amphioxus embryo when the
hollow sphere of undifferentiated cells (blastula), pushes in on one
side to form a double eup (gastrula), there results a cavity within
the inner cup in which food may be held in close contact with
absorbing cells. This is the gastrocwle, or primitive digestive cavity
(Fig. 106, C). The opening (blastopore), of this cup soon becomes
obliterated by the overgrowth of one side of the blastopore lip
with the result that the gastroecele no longer communieates directly
with the outside (Fig. 214). In eges laden with nutritive volk,
however, it is not at first necessary to receive food from the outside
world, since the yolk, stored in the egg itself, has direct access to
the newly established gastroccele, where it is greedily utilized.

The diminishing yolk is rapidly translated into the enlarging
embryo, within which the gastrocoele becomes elongated into the
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major part of the future digestive canal, lined with entodermal
cells, and closed at either end. There comes a time, however,
when the inereasing de- A
mand for nutriment °

can no longer be sup- rer——
plied from within, and
communication with
the outside must be @ ;
established in order to
admit food into the
tube. This change
comes about by the

{blas’mpare B ,nerve cord

neur:-pnre nauren n.:

b | oot

mpushmg_ {:!f the ecto- Etnmndmaum pmctodaEum
derm until it meets the Fra. 214, —Diagrammatic stages in the differen-
entodermal wall near tiation of the nerve cord and digestive tube
either end of the elon- in Amphiorus. (After Roule.)
gated gastroecele, where it finally breaks through, making a con-
tinuous open passage-way.

The anterior ectodermal ingrowth is called the stomodaum, and
the posterior ectodermal part, the proctodzum (Fig. 215), while
the entodermal region between the stomod@um and the procto-

S&rosa-.

ectaderm- amnion-

neural tube

Fia. 215.—Schematie long seetion of the caudal half of an embryo, to show the
formation of the allantois in a ehick of about four days incubation. The
proctodeum is about to break through and leave the postanal gut. (After
Patten.) .

deeum, which was originally the gastroecele, is now termed the
mesodazum. The embryonic stomodsum stakes out the claim
for the future mouth region, and the proctodeum locates the
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anus (Fig. 216). The food tube thus consists of three embryonic
components, although the landmarks that separate them from
each other are obliterated in the adult.

4. Histology

A cross section of the digestive tube within
the body cavity shows it to be made up of
several conecentrie layers of cells (Fig. 217).

The innermost
layer, or the mu-
cosa, is primarily
the original em-
bryonic entoderm,
supported by
mesodermal con-
nective tissue. The entodermal part
13 composed of digestive cells which
perform the root-hair funection of
absorption, and from which arise the

Fia. 216.—Diagram
of the formation
of the anus in a
human  embryo,
29 mm. in length.
P, proctodeum.
(After Keibel.)

Fic. 217.

Semi-diagrammatic

various digestive glands that bring
about the chemical transformation
of the food. All other layers are
secondary, and are subsequently
added to this most important pri-
mary lining of the food tube.

transverse section through the

intestine of a wvertebrate.
S, serosa; L&, Lieberkiithn
gland; V, villus; M, mucosa;
L, lvmph follicle; LM, longi-
tudinal musele; CM, circular
muscle; SM, sub-mucosa; BV,
blood vessel. (After Wieders-
heim.)

Next to the mucosa is the sub-
mucosa, a layer of connective tissue devoted largely to support-
ing a rich network of capillaries and lymphatics, that by means
of the blood bear away over the body the results of digestion.

Outside the submucosa is a double layer, the muscularis, com-
posed of circular museles on the inside and longitudinal museles
on the outside. These musecles are involuntary in their action,
except for a short distance at either end of the tube, where they
are under the control of the will.- They effeet the movement of
the food, by the process of peristalsis.

Around the museular layer on the outside is a sustentative
layer of tissue, called the serosa, which is continuous, by way of
the mesenteries, with the perifonewm that lines the body cavity.
In that part of the food tube lying outside of the body cavity
there i3 no serosa present, and at the extreme ends, where the

S R el WA o T S ey g e gl <ot W )

Wil
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embryonic stomod@um and proctodeum take part, the mucosa
18 ectodermal rather than entodermal in origin.

6. Regions of the Tube -

Since the food undergoes progressive modification as it passes
through the tube, the tube itself, as would be expected, will show
structural adaptations for the performance of these varied tasks.
There has of necessity evolved a physiological division of labor, or a
speeialization, which has left its mark on the morphological features
that characterize the alimentary tract in different regions. For pur-
poses of deseription the entire tube may be divided into four zones,
or regions, namely, ingressive, progressive, degressive, and egressive.

BIRD

AMPHIBIANEY,

Fia. 218.—Silhouettes of digestive svstem of fish, amphibian, bird, and mam-
mal. (After Roule.)

The ingressive zone is the intake region of prehension and mastica-
tion. It involves the lips, and mouth, with the teeth, tongue, and
various other structures contained therein. The progressive zone,
embracing the pharynx, esophagus, and stomach, is the region of
conduction and preliminary modification of the food. The de-
gressive zone, coincident with the small intestine, is not only the
most extensive, but also in a sense the most important part of
all the zones, for here oceurs the chemieal preparation of the food
stuffs, and their ultimate selection and absorption into the blood.
Finally, the egressive zone, which is confined to the large intestine,
is the region for the expulsion of the unusable residue, which can-
not be diverted into the blood and applied to the uses of the
body. These regions, shown diagrammatically in silhouette for
fishes, amphibians, birds, and mammals, may be seen in Fig. 218,



258 BIOLOGY OF VERTEBRATES

We are prepared now to proceed upon an imaginary tour of in-
spection through the entire alimentary tract, with our eyes open
for the anatomical scenery along the way. ‘

III. INGRESSIVE ZONE
1. Food Capture and Prehension

Before food ean proceed along the digestive highway, it must
be captured and placed inside the entrance of the tube. This
process occupies a large part of the waking hours of most animals
and even in the case of intellectual man, is the actuating motive
of much of his daily behavior.

Probably in the majority of cases, the capture involves some
sort of a chase, sinece both the animal and its food are in motion.
Herbivores, however, depend upon food that is generally station-
ary, so simply need to seek it out. Sedentary feeders remain in
one spot, catching motile food which comes their way. Devices
of various kinds, therefore, like eiliary whirlpools or stretching
tentacles, are employed by sedentary animals to bring food within
range, while many animals
that are anatomically able
to go in pursuit of food,
succeed better by lying in
wait for passing food than
by bestirring themselves in
open chase. Such animals
frequently develop camou-
flaging coloration, or, like
spiders, construct elaborate
4, snares and traps for their

v Prey.
: When food is finally

Fig. 219.—A fish with a protrusible mouth, within reaching distance,

pulling an insect larva out of the muddy Bl Y 1
Bottom. (Aftar Flease.) there are many organs of

prehenston (Fig. 219), which
are adapted for seizing and placing it within the mouth. These
adaptations range all the way from the slew pseudopod of an
Ameba, to the stretching, reaching arm of modern man. Birds, pos-
sessing neither arms nor hands for taking hold of food, have the
edge of the mouth opening drawn out into a point, forming a horny
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beak which is used as a pair of foreeps in picking up things. The
prehensile tongue of such diverse animals as toads, anteaters, and
cattle becomes a very effective substitute for a grasping hand,
while muscular lips, particularly in herbivores, serve a similar
purpose in food capture. Many animals, as for example swans
and giraffes, have an elongated flexible neck as an accessory organ
of prehension, to aid in bringing the mouth into the neighborhood
of food. The trunk of an elephant, which is a lengthened nose
and upper lip combined, is a unique device for reaching food
without the necessity of moving the heavy head.

2. The Mouth Aperture and the Lips

The shape and extent of the mouth opening, which is the Ellis
Island of the digestive tract, varies greatly in different vertebrates
depending largely upon the different kinds of food utilized.

The limits of the oral slit are set by the fleshy cheeks. An animal
without cheeks, like an alligator or a nestling bird, can open up
its mouth to a surprising extent. Amphioxus and the eyclostomes
(Fig. 130), keep the mouth always open of necessity, since struc-
turally it cannot be closed. In man the slit of the mouth normally
extends from about the region of the premolar teeth on one side
to those on the other side, although there is a considerable range
of individual variation, as may be commonly observed.

The puffed cheeks and rosebud mouth of infaney are adapta-
tions for sucking, mammalian characteristics which are largely
lost in adult life. The evolution of cheeks in the adult, however,
is closely connected with a muscular equipment for mastication,
so that it comes about that animals with relatively small mouths
are usually better able to chew their food than those with an ex-
pansive opening. The refinement of chewing food, with all its
train of anatomical consequences, is a mammalian peculiarity,
for it will be recalled that fishes, amphibians, birds and reptiles,
and even many of the lower mammals, swallow their food without
chewing it.

The lips are two movable folds at the edge of the mouth aperture.
They are covered by skin on the outside and moist mucous mem-
brane on the inside. Between these two regions in man there is an
exposed transitional zone, namely, the red part of the lips, which
is extremely sensitive to touch because of an abundant supply of
nerve endings.
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3. Buccal Cavity

Immediately within the mouth aperture is the wvestibule, or
buccal cavity, bounded outwardly by the lips and cheeks, and

Fig. 220.—Salivary glands and their
duets. (After Cunningham.)

inwardly by the front face of
the teeth and gums. When the
mouth is closed and the teeth are
in contact, this eavity practically
becomes obliterated, but behind
the back teeth, and between the
closed teeth there is still direct
communication with the larger
oral eavity within.

Various glands open inside the
bueeal ecavity.
surface of the lips are numerous
small labial glands that secrete
mucus. These glands may be
easily identified by rubbing the
point of the tongue back and

Along the inner

forth against the inner surface of
the lips, when they will be felt as tiny rough bunches. Other
mucus-producing glands, the molar glands, penetrate the cheeks

and open Into the buccal cavity near the

back teeth, while opposite the upper middle -

molar on either side, 1s the exit of the parotid
or Stenson’s duct that drains the large parotid
glands (Fig. 220) from which saliva flows.
It is not difficult to demonstrate the openings
of these important ducts, for, if one sticks the
tongue into the check, and psychologically
aids the flow of saliva by looking at a freshly
sliced lemon or something that “makes the
mouth water,” a tiny stream of saliva may
be felt spurting into the bueceal cavity. Birds,
turtles and monotremes have dry eornified
bucecal eavities nearly devoid of glands.

under tongue. The.
openings of Whar-
ton's ducts are at
the base of the fren-
ulum on either side.
(After Cunningham.)

On the inner face of the upper lip in the mid line, also demon-

strable by the exploring tip of the tongue, is a transverse fold of
mucous membrane, which tends to hold the lip close against the
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gums. This is called the frenulum, and a second one occupies a
similar position with reference to the lower lip (Fig. 221).

In some animals, such as the Australian dueckbill, Old World
monkeys (Fig. 222), gophers (Fig. 223), squirrels, and other ro-
dents, the bueccal
cavity becomes
stretchable into dis-
tinet cheek pouches,
which are used for
the temporary stor-
age of food when its

e collection oceurs un-
F1e. 222 —Lower jaw of ape, der circumstances of

showing, ¢p, lateral cheek izt ;
pouches; mm, masseter competition such as g 223.

Cheek
muscle; and me, maxilla. {4 make grabbing as pouches of a gopher.

(After Nuhn.) {After Nuhn.)

much as possible in
a minimum time, a necessity. Sometimes greedy little children
demonstrate their probable rise from animal ancestry by revert-
ing to the cheek-pouch method of excess disposal of food.

4. Oral Cavity

Behind the buceal cavity and merging into it, is the oral cavity.
The roof of this cavity in vertebrates generally is the arching
palate, which has a skeletal foundation of
bone, the hard palate, in the front part of
it, and is supplemented behind by a flexible
addition of connective tissue, the soft palate.
The hard palate lies within the upper dental
arch and is continuous with the gums, while
the soft palate blends with the lateral walls
! behind the teeth, presenting a free, hanging,
Fia. 224.—Open mouth posterior border like a eurtain, at the region

showing uvula hang- of the fauces, or the gateway leading to the

l?ff t:i:::lii f:{;l)t;;,tl;;::]{ pharynx. The posterior border of the soft
either side, and the palate in man is still further prolonged in

raphe along the mid . L . .

line of the roof of the the median line into a soft pointed flap called

mouth. (After Cun- the wwrula, that projects downward and

ningham.) backward, and which may be ecasily seen
hanging down in the back part of a wide-open mouth (Fig. 224).
Along th? median line of the hard palate in man, from a point
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near the upper inecisors and fading out towards the soft palate,
is a faint ridge, the raphz, which indicates that the hard palate
is formed by the union of two embryonic components. It may be
felt, whenever it is still present in the roof of the mouth, by means
of the tip of the tongue.

In many cases there may also be similarly demonstrated a
series of transverse folds or ridges, the palatine rugz, diminishing
in size from the region of the teeth backward. The rugs are
more in evidence in human embryos than in adults, although they
sometimes persist throughout life. They are washboard-like in
character and reach their highest development
in such carnivores as cats and dogs (Fig. 225),
where, no doubt, they aid in securing a surer
grip upon any struggling vietim that has been
seized in the jaws.

The surface of the entire palate, particularly
of the soft palate and the uvula, is beset
with numerous palatine glands, whose secretion
of mucus helps to keep the mouth eavity moist.
; The sides of the oral cavity posterior to the

i back teeth, blend with the bucecal cavity into
Fig. 225.—Palatine & common space, while the floor is largely oe-

ridges in the roof eypied by the bulky tongue, which fills prac-

of a dog’s mouth. . ; £ :

(After Wieders- tically the entire cavity when the mouth is

heim.) closed.

When the mouth is opened wide, and the tongue is raised and
curled back, the frenulum linguz (Fig. 221), may be seen, which is
a fold of connective tissue along the mid-ventral region that tends
to hold the tongue down to the floor of the oral cavity. Ocea-
sionally, when the frenulum linguz is overdeveloped in a human
infant, such an individual is said to be “tongue-tied,” and a
slight surgical operation is neeessary before the tongue ecan
acquire the freedom of movement essential for clear articulation
in speech.

Extending on either side of the frenulum linguz in man, and
parallel to the teeth, is a erescentic fold of tissue, called the sub-
lingual ridge. Along this ridge open the several duets of Rivinus
from the sublingual salivary glands, while at the widest part of
the frenulum linguw near the lower incisor tecth, are the two
openings of Wharton's ducts, one on either side, that drain the
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submaxillary glands. Thus, three sets of salivary glands, the
parotid, sublingual, and submazillary, pour their digestive and
lubricating secretions of saliva into the buceal and oral cavities
of mammals.

This differentiation of mouth glands into the various mucous
and salivary glands found in mammals, does not appear among
the lower vertebrates. Fishes, which bolt their food without
chewing, do not have digestive salivary glands, while mucous
glands, the mission of whieh is to moisten food in the oral eav-
ity preparatory to swallowing, are also unnecessary and practi-
cally absent.,

Among amphibians, which are on the border-line between sub-
mergence in water and life in the air, scattered mucous glands,
termed intermaxillary glands from their generalized location, make
their appearance in some instances, and the protrusible tongue,
particularly in frogs and toads, is supplied with lingual glands,
secreting a viscous mucus that aids in the eapture of insects and
other moving prey.

In reptiles the mouth glands are more grouped and localized,
so that it is now possible to speak of palatine, lingual, sublingual,
and labial glands according to their posi-
tion. All these glands produce fluid to
moisten the food, and to render the act of
swallowing easier, although it is doubtful
if they aid in digestion.

The poison glands in the mouth of cer-
tain snakes (Fig. 226), are transformed la-
bial glands, while those of the only known
poisonous lizard, the “Gila monster,” Heloderma, of southwestern
United States, are modified sublingual glands. Birds, as noted,
have a paucity of oral glands. No one ever saw a bird “spit”
or “drool,” because the mouth is comparatively dry. In the
case of mammals, which usually chew their food to some extent,
mouth glands of two general sorts are universally developed,
mucous and salivary, for the double purpose of lubrication, or
liquefaction and chemical modification. Mucous glands are
especially essential for herbivores which consume large quantities
of comparatively dry, bulky food. The action of the salivary
glands, which is chemical as well as mechanical, will be considered
later in a paragraph about the digestive glands in general.

Fic. 226.—Poison gland of
snake. (After Kingsley.)
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5. Tongue

What passes under the name of “tongue” in the vertebrate
series, is not always strictly comparable to the “unruly member”
in man (or woman), which must be regarded as the cutcome of a
long sequence of adaptations.

Amphioxus has no tongue at all, and the muscular, piston-like
tongue of eyclostomes is such an aberrant, highly specialized
structure that it gives no clue to the true beginnings of this organ
among vertebrates.

In fishes, however, a primary tongue makes its definite appear-
ance. It is a non-musecular elevation from the floor of the mouth
cavity, consisting of a
covering of mucous
membrane, stretched
over a skeletal support
of cartilage or bone,
derived from the frame-
work of the gills (Fig.
227). Whatever move-

Fia. 227.—Diagrammatic lateral view of the skull
of a dogfish, showing the splanchnocranium in ment this type of
black. The projecting basihyval ecartilage, the 5
most ventral part of the second arch in the dia-
gram, lies between the lower jaws of the first to extrinsic muscles

tongue possesses is due

arch, and is the skeletal basis of the fish’s tongue.

(After Jammes.) that act upon the

skeletal support, in
such a way as to enable it to change position but not shape, rather
than upon intrinsic museles that modify both shape and position.
It is also not protrusible, although motile enough to aid some-
what in foreing back a mouthful of food to be swallowed, as in
the case of certain teleosts possessing prehensile teeth.

The lower Amphibia, such as the perennibranchiate uro-
deles, have fishlike tongues of mucous membrane with bony
support. In the higher salamanders the horseshoe-shaped groove
between the primitive tongue and the lower jaw, becomes elevated,
particularly in front, into a glandular field (Fig. 228), in which
a glutinous muecus, useful in entangling captured inseets, is secreted.
This glandular field as it gradually rises and thus obliterates the
original groove around the under edge of the primary tongue,
finally becomes incorporated with the latter as an anterior pro-
jection, forming the so-called secondary tongue.
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In the median line at the junetion of the primary and secondary
tongues, and originally connecting with the thyreoid gland, there
1s a tubular downgrowth, the ductus thyreoglossus, that persists
In mammals as the foramen czecum, to be
mentioned again later.

The secondary tongue soon becomes
invaded by intrinsic musecles, which
greatly increase the range of its move-

primary tongue

ments, and make changes in its shape ’ glanduiar field

-
&

possible. Of these muscles, the genio-
glossals act as protractors, and the hyo-
glossals, as retractors. In the American
salamander, FEurycea, they become so
efficient that the sticky tongue mayv be
shot out in the capture of insect prey,

Fra. 228, — Median section
through the floor of the

and retrieved for a considerable distance
with ineredible speed.
The secondary tongue of most frogs

mouth, showing the for-
mation of the glandular
tongue. A, Trilon alpes-
tris; B, Salamandra macu-

,losa. In the latter the
glandular field is encroach-
ing upon the primary
tongue to form the sec-
ondary tongue. (After
Haller.)

and toads is attached far forward on the
floor of the mouth eavity, and at rest
is retroflexed so that its point lies back-
ward down the throat. When it is flipped
out after an insect (Fig. 229) or a slug, it
is “swallowed” upon its return, along with the captured food,
and thus restored to its original position. One family of South
American toads is named the Aglosside because, in those exeep-
tional animals, the tongue is either absent or poorly developed.

The reptiles possess a double tongue embryologically like that
evolved by the amphibians, but with
considerable modification. In turtles and
alligators, it is thick and only slightly
protrusible, whereas in snakes and lizards
it may become extremely extensible. The
little wall lizards, or *“ geckos,” for example,
ecan easily lick off the outside of their
transparent eyelids with their tongues,
while snakes can protrude their delicate, sensitive, forked tongues
for some distance through a median noteh in the edge of the
lower jaw, without “opening the mouth.” The chameleon, an
arboreal African lizard famous for its kaleidoscopie color changes,

Fia. 229.—Tongue of a frog
catching a fly.
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at the same time that it grasps the twig of a tree, uses its tongue
like a lasso in entangling its illusive prey, in much the same way as
the salamander, Euryecea, shoots out its tongue from a position on
the ground (Fig. 39). The mechanism in the two cases is some-
what different. In Chameleon the bony framework of the primary
component at the base of the tongue acts as extensible levers to
supplement the muscular secondary com-
ponent of the tongue in its protrusion, which
is not the case with Eurycea.

In birds the bony framework of the pri-
mary tongue, which supports the secondary
tongue, is especially developed, since move-
ment, in the absence or reduction of in-
trinsic museles in the secondary tongue, is
largely through extrinsic museles attached to
these bones. This framework consists typi-
cally of a median bone or bones, the copula
(I'ig. 230), and two pairs of lateral bones,
the hyoids, and first branchials, which are
relies of ancestral gill arches. A woodpecker,
whose horny, spearlike tongue can be pro-
jected out of its long beak when impaling a
erub, possesses an elaborate skeletal hyvoid
apparatus, attached at the base of the tongue,
which, when at rest is stowed away in coils
on either side of the skull underneath the
skin. As the tongue is extended, these sup-

Fia. 230.—Tongue ap-
paratus of a bird. b,
branchial arch to
which the extrinsic
muscles are attached;
h, hyoid arch corre-

sponding to the pri-
mary tongue; I, sec-
ondary tongue super-
imposed upon the

porting hyoid ecoils are straightened out
through the action of musecles, while the
withdrawal of the tongue to its original posi-

primary tongue. (Af-

tion within the beak is faeilitated by the
ter Luecas.)

elasticity of the hyoids, which snap back
into place like released watchsprings that have been temporarily
straightened out.

The mammalian tongue, like that of reptiles, is made up of
a posterior part corresponding to the primary tongue of fishes,
and an anterior secondary tongue, to which lateral components
are added.

In a human embryo about four weeks of age, the secondary
tongue first appears as an elevation from the floor of the mouth

L SR L LR T
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cavity just anterior to the landmark of the ductus thyreoglossus,
This elevation is homologous with the “glandular field” of the
Amphibia, and is called the fuberculum impar (Fig. 231). On
either side of it are lateral swellings from the inner surfaces of the

Fig. 231.—Stages in the development of the human tongue. A, 6 mm. embryo;
B, 15 mm. embryo. Contributions from the first three branchial arches
(I, II, I11} are indicated respectively by parallel lines, dots, and crosses;
the tuberculum tmpar is marked by circles. (After Arey.)

two sides of the skeletal mandibular arch, which meet at this
point. These swellings soon inerease and completely surround
the tuberculum impar, eventually forming the bulk of the an-
terior part of the tongue. In somewhat similar fashion the region
enveloping the copula, that is, the skeletal part that forms the
foundation of the primary tongue lying behind the duetus thyreo-
glossus, is augmented by additions from
the neighboring hyvoid and first branchial
arches, to form the “root” of the tongue,
or the part of it lying in the pharyngeal -y
cavity (Fig. 232). 4
The tongue of mammals is highly A‘
muscular ar_ul consequently calmh]q @ PR
a great variety of movements, serving and pharynx of a 7.5 mm.
. - AT e food ke embryo, from a reconstruc-
many purposes. . eeps e 100 - tion. €, fﬂliu]ﬂj F, rll'!'l':l!ht;
tween the teeth in the process of chew- T, tuberculum impar; XX,
: I : : TR 1 the swellings on either side
ing, and starts 1t on 1bs way when ready  that give rise to the body
to be swallowed. It is decidedly pre- of the tongue; I-111, bran-
HE g : chial arches. (After Mec-
hensile in many herbivores, as cows, for  \urich.)
example, who ecan grasp with 1t a tuft
of grass to be sickled off against the lower inecisors. It is a uni-
versal toothbrush, giving point to the phrase “as clean as a
hound’s tooth,” and it also serves as a eurry-comb for fur bearers,

while animals like cats that lap up liquids, use it as a spoon.
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Finally, its dorsal surface is thickly beset with sense organs of
touch and taste, which stand in readiness to receive the password
of admittance from entering food.

6. Teeth

Teeth are primarily devoted to the manipulation of food, either
grasping, cutting, or grinding it, although in some instances
they secondarily assume other funetions, such as defense.

The extreme wvariability of teeth, adapting them for diverse
kinds of work, affords the comparative anatomist much insight
] into the manner of life of the different
animals possessing them, while to the
palontologist they are veritable hiero-
glyphies which go a long way in aiding
him to reconstruct the story of the past.

Teeth are the first hard structures of
the body to appear during development,
even before any part of the bony skeleton,
and although they eventually come into
intimate secondary relation with the skele-
ton, they are in reality derivatives of the
stomodmal region of the alimentary tract,
and thus morphologically as well as
physiologically they are a part of the
digestive system.

A. STRUCTURE
In structure a tvpical human tooth
Fi6. 233. — Diagrammatic (Fig. 233), consists of a erown, which pro-
ir:';ﬁ':f' :Till?l':uii[lf.f;nllgh }’: jects beyond the gums; the roots, which
l::nﬂ.mu[:l;J D, dentine; 7, are embedded in the sockets of the jaw;
Tﬂm{ :{r;,. luilllfﬁlt,;::lh,ﬂ] and the neck, which 1s the transitional
nerve endings; J, jaw region between the two first named parts.
bone; €, coment. (Drawn 1,40 the tooth is the pulp ¢ vity, which
by L. K. Burdon.) LI € pulp cavy, c
is invaded by blood vessels and nerves
through a passage remaining open at the base. The solid part
of the footh is threefold in charaeter. The bulk of it is dentine,
or ivory, a tissue denser than bone but like it permeated by tiny,
radiating ecanals. Outside the dentine around the roots is what
1s known as the cement, or “‘substantia ossea,” a bonelike substance

that takes part in fixing the tooth in its socket, while over the
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crown, wherever exposure to wear comes, the dentine is protected
by a layer of enamel, which is the hardest, densest, most enduring
part of the human body.

The eomposition of dentine and enamel in the human tooth is
given by von Bibra, as follows:—

DENTINE : ExAMEL
Caleium phosphate and fluorid 66.72 89.82
Caleium earbonate 3.36 4.37
Magnesium phosphate 1.1% 1.34
Other salts 0.73 (.88
Organic matter 28.01 3.59

100.00%, 1000057

B. DEVELOPMENT

About the seventh week in the development of a human em-
bryvo, certain Malpighian cells along the edge of the jaws where
the future teeth are to be, start into accelerated activity, pushing
down into the underlving dermal tissue in the form of the so-ealled
dental ridge (Fig. 234). Along this ridge at intervals wherever a

F1a. 234.—Three stages in the development of a tooth. A, formation of dental
ridge; B, activity of ameloblasts; €, establishment of dental papilla.
The epidermis is represented in black. (After Parker and Haswell. )

tooth is destined later to appear, groups of invading Mal-
pighian cells become isolated by the absorption on all sides of
their epidermal neighbors, so that they appear as conelike eups
pointing outward, entirely surrounded by dermal cells. The eells
lining these cups are called ameloblasts, and are destined to form
the enamel that covers the erown of the teeth. Meanwhile, under
each inverted enamel cup the dermal eells erowd together to form
the dental papilla, of which the outer cells, known as odenfoblasts,
produce dentine that constitutes the bulk of the teeth, while
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within the papilla there oceurs an invasion of ecapillaries and
nerve endings which are to oceupy the future pulp eavity.

While the two substances, enamel and dentine, are being laid
down side by side, the teeth take shape, their crowns eventually
pushing through the surrounding tissues, and emerging so as to
come into possible contact with the opposing teeth of the other
jaw. This process of eruption is known as “eutting the tecth.”
Around the dentine of the embedded root of each tooth is de-
posited, through the activity of neighboring mesenchyme eells
from the derma, the cement, or substantia ossea, which aids in
fixing the tooth firmly in place in the jaw. Like the placoid scales
of elasmobranch fishes with which they are homologous, teeth are
compound structures, arising from ectodermal ameloblasts, meso-
dermal odontoblasts and mesenchyme cells. The horny, rasplike
teeth of the jawless cyclostomes are entirely ectodermal structures
and are not homologous with the teeth of other vertebrates.

C. NUMBER

Lower vertebrates usually have an indefinite number of teeth,
but in mammals the number becomes limited and definite. Gen-
erally speaking a reduetion in the number of teeth is a mark of
evolutionary advanee associated with terrestrial life, less food,
more chewing, shorter jaws, and stronger museles of mastication,
whereas an inerease in the number of teeth, such as occurs second-
arily in dolphins and other toothed whales, may be regarded as a
reversion to ancestral conditions in connection with aquatic
life, more abundant food, and less need of mastication.

There are some toothless species representing every class of
vertebrates. Among fishes may be mentioned the sturgeon,
Acipenser, and the sea horses and pipefishes (Lophobranchii).
Coregonus wartmanni, a whitefish native to Lake Constance in
Switzerland, is a toothless member of a large family of toothed
fishes (Salmonids), although this aberrant species has transient
embryonic teeth.

Toads, and among urodeles Siren at least, are toothless, while
frogs have no teeth on the lower jaw.

Of reptiles the entire order of Chelonia, which includes turtles
and tortoises, are without teeth, although in Chelone and Trionyz
a reminiscent dental ridege develops temporarily in the embryo,
only to fade away as the horny beak becomes aseendant. Several
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extinet fossil reptiles, for example, Oudenodon, Baptanodon, and
Pteranodon, are likewise known to have possessed beaks instead
of teeth,

The same is true of all modern birds. That this was not always
the case, however, 1s shown by the presence of teeth in Archeop-
teryx and the eretaceous birds of Kansas, Hesperornis and Ichthy-
ornis. Embryonie teeth, of which there is ordinarily no trace in
birds, have been found in the tern, Sterna.

Among mammals, monotremes are without feeth, also the
edentates, Myrmecophaga and Manis, and the large whales (Mys-
tacoceeti). All of these widely different toothless mammals,
however, furnish embryonie evidence that, with respeet to this
characteristic, they are degenerate descendants of ancestors with
teeth.

D. SvcceEssion

Most of the lower vertebrates are polyphyodont, that is, they
have a succession of teeth throughout life. This 1s exemplified
particularly in a shark or dogfish, where the reserve “understudy "
teeth may be seen arranged in diminishing rows behind the line
in active service at the edge of the jaw. The continuous gradation
over the edge of the jaw between the serried rows of elasmobranch
teeth and the placoid seales of the skin, points unmistakably to a
common plan of structure and accounts for vertebrate teeth as
modified secales (Fig. 156).

Mammals are typically diphyodont, that is, they have one
replacement of so-called permanent teeth following the temporary
milk denlition. Certain marsupial embryos show traces of a
prelacteal dentition, located between the milk teeth and the lips,
and sometimes in exceptional cases, mammals produce an addi-
tional partial replacement of the “ permanent’ teeth, that is, a
post-definitive dentition, making a total of four successions, all of
which suggests that the typical diphyodontism of mammals has
been derived from the polyphyodont condition of the lower forms.

There is, moreover, a tendency among mammals towards a
still further reduction to a monophyodont stage. Marsupials, for
instance, retain all their milk teeth except the last premolars,
and certain insectivores, like the moles, Scalopus and Condylura,
never cut their permanent teeth, while bats and guinea pigs have
so far foreshortened the normal procedure of tooth suececession as
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to shed their teeth in wfero, coming into the world with their
permanent teeth already established. The sirenians, the toothed
cetaceans (Odontoeoeti), and some rodents may also be deseribed
as monophyodont. !

In man the eruption of the milk teeth is ordinarily accomplished
in about eighteen months, while their replacement by the per-
manent dentition is normally completed at about the end of
eighteen years, although an individual frequently ecarries repre-
sentatives of both generations of teeth simultaneously for some
time. The milk teeth differ from the permanent teeth by their
smaller size, whiter color, and shape, being more constrieted in
the neck region, and having a greater spread of the roots in the
case of the back teeth.

E. SiruaTion
While the teeth are primarily located on the jaws, in fishes and
other aquatic animals particularly, they occur attached to various
skeletal foundations within the mouth cavity, such as the vomer,
palatine, pterygoid, and parasphenoid, or even on the sides of the
tongue, on the hyoid arch, and the gill arches. In reptiles and mam-
mals they are usually confined to the jaws, although in some snakes
and in the primitive New Zealand lizard, Sphenodon, they occur
also in the roof of the mouth on the vomer and palatine bones.
Teeth of the upper jaw are interspaced with reference to those
of the lower jaw. In man the large median upper incisors bite
against not only the median but also the lateral incisors of the
lower jaw, and every other tooth of the

A 8 c upper jaw, except the last molars, bites
against the corresponding tooth of the
lower jaw and also the tooth behind it.

Fia. 235.—Types of at- I+ ATTACHMENT
tachment of teeth to  The manner in which teeth are attached to
jaws. A, acrodont; B, Hhein SRalata] o T e
].]].Eur”'[iﬁ}llt-; f', -'lh{'u““_ ]{.11 5 \': ".- ﬂ- :'.‘l.l.ppﬂ]:t lb L L;]Lll {.Iltl UD{IH
ilupt-}{if ter Wieders- the degree to which the roots are developed.
1E11TL. B -

I'’he simplest tyvpe of attachment, termed
acrodont (Fig. 235), oceurs in teeth essentially without roots, that
are anchylosed directly to the edge of the jaw or other bony
foundation. Such teeth may be broken off easily, and are poly-
phyodont. In some cases they are hinged on by a ligamentous

base and may be folded down when not in use. The pike and
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hake among fishes, as well as many kinds of snakes, have hinged
teeth. Fishes as well as amphibians generally, are acrodont.

An improvement over the acrodont method is seen in eertain liz-
ards, where not only the base but one side of the tooth is involved
in attachment to a shelf like ledge along the inner margin of the jaw
(Fig. 236). By this method, which is called pleurodont, the blood and
nerve supply goes in at the side instead of at the tip of the root.

Fi1a. 236.—Pleurodont teeth on the jaw of a lizard. (. \Hm‘ Hllzhmmm )

The highest type of tooth has well developed roots, and is set
in bony sockets in the jaw, a method of attachment known as
thecodont, by which the capillaries and nerves enter the pulp
cavity through the open tips of the roots. Some reptiles are
thecodont, the alligators
and crocodiles particu-
larly, but this type of
tooth attachment is espe-
cially characteristic of
mammals, in some of
which the teeth have
progressed much beyond
the primitive grasping
funetion, and conse-
quently require a stronger

anchorage than is afforded Fia. 237.—Teeth of a rodent, Geomys, show-
by either the acrodont or ing diastema, or toothless ‘-qﬂll'“{" in ]l:.‘-’ be-
Uliurodontiethiods. The . Jroen,inckeors and molass. “(From Weber,
incisor teeth of gnawing -

rodents are so deeply set in bony sockets of the jaws, for example,
that they become very effective tools, as may be seen in the case
of the beaver, Castor (Fig. 237), which in its engineering opera-
tions can cut down large trees with these teeth.

G. MOVEMENT
There are three types of movement possible to teeth set in
jaws, namely, orthal, lateral, and propaiinal, as brought out by
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the muscles of mastication. The orthal, and commonest, type is
vertical, and consists mostly in lifting up the lower jaw. Just
as in a nuteracker, the farther back towards the angle of the jaw
the work is done, the more powerful is the effect. The lateral
type of movement is well exemplified by the ruminants which
chew the cud with a sidewise motion, while the propalinal move-
ment, which is “fore and aft” in direetion, is practised by horses,
elephants, and rodents. In the ecase of snakes with their sharp,
backward-pointing prehensile teeth, the propalinal movement
serves to pass along relentlessly the struggling prey down the
throat. In fact it works so automatically that a snake would find
it impossible, or very difficult, to eject a mouthful once started
in the propalinal mill.

H. DIFFERENTIATION

According to their degree of differentiation, teeth are described
as isodont or heterodont. When practically all alike they are
called #sodont, but if they have undergone differentiation to serve
a variety of uses such as gripping, cutting, tearing, or crushing,
they are known as heferodont. The teeth of primitive water-
dwelling vertebrates are commonly isodont, usually pointed,
and adapted to serve as prehensile organs. Ordinarily the lower
vertebrates with isodont teeth gulp their food whole. In evolu-
tionary history, heterodontism arose with the oceasion for chewing.
The back teeth near the hinges of the jaws where the leverage is
greatest, become modified into grinding premolars and erushing
molars, while the front teeth, notably in the ease of rodents, be-
come specialized into cutting chisels, or incisors, to divide the
food into morsels of econvenient size for the grinding mill of the
back teeth. Probably the most ancestral and the least changed
of all heterodont teeth are the cone-shaped canines, or “eye-
teeth,” which are like the pointed grasping teeth of the lower
forms. On either side of the canines, modification has taken place
progressively and in divergent fashion, as indicated by the arrows,
(Fig. 238), on the one hand towards the more chisel-like type of
the incisors, on the other, towards that of the flat-topped pre-
molars and molars.

The heterodontism of earnivores (Fig. 239), is characteristically
different from that of herbivores. In the former case the sharp
edges of the anterior grinders fit past each other like shears, for
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cutting up animal food, the canines are prominent while the
back molars tend to become degenerate. In the latter type

it is the more anterior
teeth that show degenera-
tion, the canines usually
being absent, while the
posterior teeth near the
hinge of the jaw be-
come flattened, so as sue-
cessfully to crush seeds,
fruits, nuts, and herbage
that come their way. A
brown bear, which lives

largely on an herbivorous Fic. 238.

A human jaw, showing by arrows

. 3 the two general types of differentiation in
diet, has the back molars teeth from the primitive pointed canine teeth

well developed, while a  represented in black. m, molar; pm, pre-

polar bear, feeding ex-

molar; i, ineisor.

elusively on fishes, possesses efficient shearlike premolars and de-

generate back teeth.
It is not unlikely that the

Fig. 239.—Teeth of the left upper
jaw of various earnivores. A, dog;
B, bear; C, martin; D, badger; E,
mongoose; F, hyena; G, lon.
(After Boaz.)

gigantic cave bear, Ursus speleus,

whose bones have been found in
suspicious proximity to those of
cave men, was not a bloodthirsty
terrorizing beast, but a harmless
clumsy planteater, if we can be-
lieve the testimony of its teeth.
The molars of raminants present
a flat, grinding surface further
diversified by crescentie ridges of
projecting enamel, alternating
with softer dentine. Since the
dentine wears away more rapidly
than the enamel ridges, the sur-
viving enamel 18 constantly kept
with sharp edges, and a rasplike
abrasive surface on the grinding
teeth 1s maintained. Such ecres-
centic-surfaced teeth are said to be

selenodont (Fig. 240). Similar enamel ridges are present on the
molars of elephants, but they are arranged in transverse lines
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instead of in crescents, making washboard-like teeth, deseribed
as lophodont (Fig. 241). They are particularly effective in con-
nection with the propalinal movement of the jaws.

Fra. 240.—Selenodont dentition, or molars with erescentic surfaces of hard
enamel.

In man and some other animals, the grinding surface of the
molars is raised slightly into rounded tubercles and, being entirely
covered with enamel, wears away more evenly. This is the buno-
dont type of teeth. It is illuminating to know that some of the
ancestral elephants, such as Paleomastodon,
for example, were bunodont, while their more
specialized descendants of today, have become
lophodont.

Finally, to add two more “donts” to this
deseriptive vocabulary of the teeth, the term
brachydont deseribes teeth with short crowns
and long roots, as in man, while the term hypsel-
odont characterizes teeth with short roots and
long erowns, such as are found in the dentition
of the horse.

Fig. 241.—Grinding I. DENTAL ForMmuLz
S, pat ‘“']i In the case of different species having hetero-
per ‘molar of dont teeth it is useful to express the degree of
f{ﬂi:"l:.ifili"}"“ their diversity in some convenient and compact
ey B form. This is accomplished by means of dental
formulz. For example, the permanent dentition of man may be
2.1.2.3
2.1.2.3
zontal line indicate in order from left to right the number of in-
cisors, canines, premolars, and molars on the right side of the
upper jaw, while the figures below the line stand for the corre-
sponding teeth in the lower jaw. It is unnecessary of course to

expressed as follows, in which the figures above the hori-
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indicate the teeth of the left side, which are like those on the right
side except in reverse order.

The short-tailed monkeys (Catarrhini) of the Old World, have
the same dental formula as man, but the long-tailed monkeys
(Platyrhini) of the New World, have an additional premolar all

2. 1.3.3

ound, making their formula >———,
around, making their ”rm“ag_1_3_3

with a total of thirty-six.

3.1.4.2
S
3.1.4.2 i 2 R T [ R 1.0.0.3

bear, ————; cat Lo ndmtbnel S b g s
TR R e IR L N I

1.0.2.3 0.0.3.3 3133 5.1.7.0
T s0as . gaiay L AT

In herbivores the eanine teeth are missing, or much reduced,
leaving a toothless space, the diastema (Fig. 237), between the
canines and premolars. The canines are relatively so small in
the horse that a practical diastema exists, furnishing the space
where the bits of the harness are held. .

Some other dental formul@ are as follows: raecoon,

rel

J. UnusvaL TEETH

Sometimes a pair of teeth will develop excessively, forming
tusks. These may be either incisors or canines and are more
likely to appear in the male than in the female, although both
sexes of elephants and walruses have tusks. The largest known
tooth is the tusk of an extinet mastodon, a speeimen of which, that
is in the American Museum of Natural History in New York City,
measures over eleven feet in length. The wild boar strikes upward
with tusks formed from modified canines of the lower jaw, while
the male “dugong,” or sea cow of the Red Sea, Halcore makes the
effective blow from above downward with tusks evolved from
the upper incisors. The babirusa, Phacocherus, or wild hog of
Celebes, has four upward-curving tusks, which are transformed
canines of both jaws, those of the lower jaw piercing the upper
lips.

In general tusks, as well as the prominent cutting incisors of
rodents, retain a large opening at their base into the pulp eavity,
insuring an abundant blood supply and consequent continued
growth to compensate for the wearing away of the crown to which
these exposed teeth are subjected. Such teeth in a way may be
compared to angora hair in their manner of continuous growth,
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In rodents the incisors are faced with enamel only on the an-
terior side, and so, being of unequal hardness, wear away more
rapidly behind than in front, constantly leaving a sharp cutting
beveled edge of enamel. When a rodent is so unfortunate as
to break an incisor, leaving the opposing incisor no tooth to
wear against, the animal usually meets eventual death by starva-
tion, because the unhindered growth of the surviving tooth often
reaches such an extent that the mouth can no longer be properly
closed, and feeding becomes impossible.

The male narwhal, Monodon (Fig. 71, C), has the upper left
ineisor prolonged enormously info a formidable twisted pikestaff
with which it rams or impales its enemies, while the sawfish,
Pristis (Fig. 19, C), carries a similar weapon in the form of an
elongated rostrum, or snout, with laterally projecting teeth along
the sides.

Among poisonous snakes one or two of the anterior teeth may
develop into fangs, which are either grooved or hollow. Whenever
a fang is struck into another animal the seeretion of the poison
gland is pressed out through the hollow or groove into the wound.

A so-called egg footh 1s present as a transitory strueture in the
embryo of snakes and lizards. It is situated in a median position
at the tip of the lower
jaw, and projects for-
ward. The young reptile
uses it like a ean opener
to hatch itself out of the
Fra. 242.—Transitory corneal egg tooth of, A, imprisoning shell.  Ac-

:t"imlt(ﬂ';}lﬂd, B, bird, which is used as a “ean cording to Rise, a pair

ﬂ;{f;lﬁ;iII;:;Jthtching out of the shell. (After of egg teeth is initiated

in the embryo of the
viper, Vipera, but only one becomes developed sufficiently to be
of service, and this is shed soon after hatching.

There i1s also a corneal “egg tooth’ of horny texture on the
tip of the beak of many birds, which, although not homologous
with the egg tooth of reptiles, nevertheless serves the same purpose.
It may be seen still adhering to the tip of the beak of young chicks
which have just hatched into the world (Fig. 242, B). A similar
emergency tool is present in the lizard Sphenodon, and in the
Croecodilia (Fig. 242, A), and Chelonia, as well as the monotremes
which are the only mammals that hatch out of an eggshell.

A

S
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K. Oriciy orF THE MoLARS

There are two theories to account for the origin of molar teeth.
First, the conerescence theory of Rise and others, assumes that
they are produets of the fusion of separate, primitive, coneshaped
teeth. The posterior teeth in the jaw of Sphenodon present evi-
denee for this point of view. The other, and more widely ac-
cepted explanation, is the diflerentiation theory of Cope and Osborn,
which postulates the growth of additional contact surfaces, or cusps,
upon the erown of an originally coni- C
al tooth (Fig. 243). This theory is B bR el
based largely upon evidence pre- E 5‘ e poc
sented by the ancestral teeth of fossil e s i
mammals. b

The possible number of definite
cusps, or contact surfaces, seems to
be six, of which the point of the primi-
tive conical tooth, or profoconus, 1s
the oldest. Lateral to the protoconus
are two other eusps, the paraconus in Lower g ¢
the anterior position, and the mela-

UPFER

FF1a. .243.—1'-'11111 of molar teeth.

conus posterior to the protoconus.
These cusps are usually connected by
ridges with the protoconus between,
making the fritubercular tooth which
18 the characteristic molar of mam-

A, Microconodon; B, Tricono-
don; C, Amphitherium. a, an-
terior; p, posterior; hypoc., hy-
poconus or hypoeconid; metac |
metaconus or metaconid;
parae., paraconus or - para-
conid; profoc., protoconus or

mals generally from the earliest rep- Protoronid. (After Osborn.)

resentatives down to KEocene times. Even today the mole,
Chrysochloris, and certain other insectivores, as well as the opos-
sum, Didelphys, and some lemurs, exhibit this ancestral trituber-
culate type.

When the three “conuses” lie in a straight line parallel to the
edge of the jaw, the teeth are termed {ricodont, but usually they
zigzag, assuming a triangular position with relation to each other,
with the protoconus on the inside, and the paraconus and meta-
conus placed towards the outer margin of the jaw, in which case
they are deseribed as trigonodont. In more highly developed
molars additional cusps appear, which have been designated as
the hypoconus, talonus, and entoconus.  All of these deseriptive
terms ending in -us apply to cusps on molars of the upper jaw.
The corresponding cusps upon the molars of the lower jaw are
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designated by the termination -id. Thus, in a tritubercular molar
of the lower jaw the cusps are profoconid, paraconid, and metaconid,
respectively, of which the latter two are on the inside position in
trigonodont dentition, while the protoconid 1s placed towards
the outer margin of the jaw, which is just the reverse of the
relative location of their opponents of the upper jaw into which
they fit.

[t is quite likely that both the conerescence and the differentia-
tion theories may be needed to explain all the faets, both embryo-
logical and palxontological, that are known about the origin of
the “double” teeth, as neither explanation is quite sufficient
when taken alone.

L. Tue TrEnp oFr Human TEETH

The teeth of ancient man show certain differences from those
of man today, which possibly give some suggestion as to the
future evolution of human dentition. The jaws in which teeth
are set are beeoming shorter and less prognathous, with the result
that the teeth of modern man are more erowded and less regular.
Also caries, or decay, is more common in the teeth of modern
civilized man than in the teeth of his prehistoriec ancestors, where
it was practically unknown. Wiedersheim reports upon evi-
dences of decay in teeth, after an examination of a large number
of skulls from various museum collections, as follows: Esqui-
maux, 2.5 per cent; Indians, 3-10 per cent; Malays, 3-20 per cent;
Chinese, 40 per cent; Europeans, 80-100 per cent.

In primitive man the upper inecisors came into opposition edge
to edge with the lower incisors, and were frequently worn flat in
consequence, while in modern man there is a tendeney for them
to shut past each other like the blades of a pair of shears.

The “wisdom teeth,” or the third molars, are apparently
doomed. They are the last to appear and the first to go. Fre-
quently they remain uncut, or do not develop a grinding surface,
In prehistoric man, however, they were plainly in evidence, and
they are usually well developed in negroes, mongols, and aboriginal
Australians. The upper lateral incisors, and the second molars,
also show evidences of being degenerate structures, failing to
appear in a considerable number of cases.
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IV. PROGRESSIVE ZONE
1. Pharynx

The pharynx includes the streteh of digestive highway from the
posterior part of the mouth cavity to the beginning of the esoph-

agus.
function, and consequently the
degree to which 1t is modified
in various vertebrates, is very
great.

There are two quite different
streams of material traveling
through this gateway, namely,
food and air. In fishes they
both enter the mouth together
(Fig. 244, A), and proceed in
parallel course without mutual
interference, the food passing
straight to the esophagus where
it continues on its way, while the
air, dissolved in water, passes
out over the gills that hang in
the lateral gill slits, which like
portholes pierce the sides of
the pharynx. The paired nasal
pits on the snout of a fish do
not open into the mouth cavity,
and have nothing to do either
with the pharynx or with
breathing.

In Amphibia, the first land
forms which began to possess
lungs and to breathe free air,
the nasal pits deepen until
they break through into the

While its actual extent i1s relatively small, its diversity of

Nesal pit A

Fra. 244.—Diagrams of the evolution

of the pharyngeal chiasma. A, fish;
B, reptile; C', man. The solid arrows
indicate the course of the food, and
the dotted arrows the course of the air.
The position of the chiasma in man is
pushed back as the result of the de-
velopment of the hard palate. (After
Wiedersheim. )

mouth cavity, forming a respiratory passageway called the

choana (Fig. 244, B).

This allows air to pass to the lungs with-

out the necessity of opening the mouth, and thus exposing its

lining to disastrous drying up.

As the free air is taken into the cavity through the choana with
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the mouth eclosed, it is foreced back into the lungs by means of
the throat musecles, a process which would be quite 1impossible
with the mouth open as the air could then escape in the wrong
direction. Embryologically the lungs are ventral outgrowths
from the floor of the pharynx, and thus, while the food takes a
straight course from mouth to esophagus as in fishes, the air,
entering the nostrils dorsally, crosses the path of the food and is
foreed wventrally into the
lungs. Vertebrates above the
Amphibia, that is, reptiles,
birds and mammals, have
developed a hard palate, or
®) secondary roof of the mouth,
; .-'.;_'.'-!-;,h,..d palate carrying the internal open-
s SAoral cavily  ingg of the choana backward
e so that the ecrossing of the
1--air highway  ways now transferred to the
L -soft palate ;
EEs pharynx, comes to be called
. piglottis the pharyngeal chiasma.
lymgopharynx This chiasma necessitates
the establishment of various
--—food highway g 1y g t o ical modifications
.. vocal cords  (Flig. 245), that, like traffi
fd ] -~ ~esophagus officers at a busy street cross-
" M eachea ing, regulate the traffic and
Tiic: D4t B PRI A hdon vt e - Do CODII USRI SE R
head and throat, to show the pharyngeal add materially to the expense
L‘.|]i:l..“ﬁll‘1:1.. (Drawn by Martha Whit- of maintenance. The epi-
aEL) glottis, for example, is intro-
duced as a trapdoor to guard the entrance into the trachea
whenever food passes by, in order that it shall not go the wrong
way. There are developed in the entire pharyngeal region also a
variety of adaptive glandular or lymphoid structures, particu-
larly the tonsils, having a wide range of functions, and forming
the seat of so many complications and troubles, both struetural
and physiological, that physicians and surgeons specializing in
this field alone, have their busy hands full.
It may be pointed out that if the choan® in man had passed
through the chin instead of the nose, avoiding the pharyngeal
chiasma entirely, some present troubles would have been elimina-
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ted at least, although with such a drastic change other diffi-
culties would have been introduced. In any case the pharyngeal
chiasma clearly stresses the fact that our anatomical machinery
is the result of suceessive modifications rather than of de nove
specifications, and that the moral from comparative anatomy as
well as from other aspects of life, is that one should seek to make
the best of his inheritance, whatever it is, rather than vainly to
regret not having been endowed with perfection in the beginning.

In man the pharynx is a somewhat funnel-shaped cavity about
five inches long, without an anterior wall and extending from the
base of the skull to the level of the sixth cervieal vertebra, where
it narrows into the esophagus. Instead of having an anterior wall
1t communicates directly with three cavities, one below the other,
which suggests the division of the pharynx, for purposes of de-
seription, into the naso-pharynx, oro-pharynx, and laryngo-
pharynx.

The naso-pharynz, which i1s not concerned with alimentary
traffic but is entirely respiratory in funetion, is separated by the
soft palate from the oro-pharynx below. In general it retains a
definite contour, since its walls are practically stationary with
the exeeption of the palatine floor which can be somewhat elevated
and depressed. On either side of the naso-pharynx opens a Fusta-
chian tube from the chamber of the middle ear. These tubes are
the anatomical sucecessors of the first pair of gill slits between
the mandibular and hyoid arches of ancestral aquatic forms.

The oro-pharynx communicates through the isthmus of the
fauces, or the posterior opening of the oral cavity, directly with
the oral eavity itself, below which is the base of the tongue that
here assumes a vertical position and practically reduces the oro-
pharynx to a transverse slit when the mouth is closed. On the
sides of the oro-pharynx are located the palatine tonsils, two
masses of glandular, lymphoid tissue. On the vertical face of
the base of the tongue there is also lyvmphoid tissue, known as
the lingual tonsils, while upon the posterior wall of the naso-
pharynx still more of this tissue forms, the pharyngeal tonsils,
which when enlarged are popularly called “adenoids,” so that
an incomplete ring of tonsilar tissue surrounds the pharyngeal
passage-way, of which the lateral palatine tonsils are the most
prominent.

The laryngo-pharynz, continuous with the oro-pharynx, is the
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lower part of the pharynx between the larynx and the esophagus.
It includes the critical region of the pharyngeal chiasma. Except
during the passage of food, which slips down either side of the
closed glottis, the laryngo-pharynx is collapsed into a narrow slit.

Thus it will be seen that the pharynx as a whole, like a colonial
kitchen, opens into many possible regions. It has communica-
tions, in fact, through seven different
openings, as follows: two choan® and
two FEustachian tubes in the naso-
pharynx; the isthmus of the faueces in
the oro-pharynx; and, in the laryngo-
pharynx, the glottis and the esophagus.

The pharynx serves as a point of de-
parture for deseribing the respiratory
system, sinee it is the region of the gills
of fishes and amphibians, as well as the
point of origin for the swim bladder of
fishes and the lungs of land animals.
This respiratory sidetrack of the phar-
vnx, however, will be avoided until the
chapter upon Respiration. Considera-
tion of the numerous pharyngeal glands,
such as the thyreoid, parathyreoid,
thymus, epithelial corpuscles, and post-
branchial bodies, will also be taken up
later in the chapter on Endocrine Glands.

F16. 246.—General diagram- 2. Esophagus
matie view of the digestive 3 ¥
sty T o 1 EDHe bretie: _t’ yver the ﬁ]‘ltf‘fﬂlﬂt of the esr-mphagus
verse colon has been cut to might well be written Dante’s immortal

e o o ot e Tine: “All hope abandon, ye who enter
dotted lines. (After Cun- here,” for in the course of it the mus-
S, cles of its walls pass from a voluntary to

an involuntary nerve control. Ruminants are exceptional in that

they have voluntary nerve fibers extending the whole length of
the esophagus and are, therefore, able to regurgitate the cud at
will for more prolonged chewing.,

The esophagus, a short, ecomparatively unmodified part of the

digestive tube between the pharvnx and the stomach (Fig. 246),

Is primarily a sphincter, the office of which is to forward the food
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by peristalsis beyond normal control. The peristaltic action of the
walls of the esophagus is well shown by a horse drinking at a
brook, for the gulps of water taken have to travel up hill. In the
case of a snake the violent peristalsis necessary in swallowing a
comparatively large mouthful, such as a frog, is supplemented
by the musecles of the body wall.

When not in use the esophagus contracts to modest dimensions,
but upon oceasion it is capable of great temporary expansion.
In many vertebrates its inner lining is
characterized by expansive longitud-
inal folds, while in marine chelonians
it is beset with backward-projecting, - crop
horny papill®e, which help these ani- ‘ /" proventriculus
mals to swallow the slippery seaweeds i pRARENESS
upon which they habitually feed.

The length of the esophagus is de-
pendent largely upon the presence or
absence of a neck. In frogs and toads
the neck is reduced to a minimum so

lLiver
a

R

that a fly which enters the mouth of  ¢izzard mﬁﬂme
one of these animals finds itself almost ﬁ
immediately landed in the stomach, ;

whereas in long-necked animals, such :

as a giraffe, for example, the esopha- ' caetum
geal adventures of the food are much ,3-;..

more extended. In adult man the .
length of the esophagus is approxi- ﬂgﬁf{]aacal Sperne
mately fourteen inches, the lower end of py, 247 _ Digestive tract of
it piercing the diaphragm to enter the a hen.

body eavity before joining the stomach.

A noteworthy differentiation of the esophagus in birds 15 a
lateral enlargement, known as the crop (Iig. 247). This may
serve simply as a econvenience for the temporary storage of food,
hastily seecured in the presence of competitors or enemies, as in
the case of seedeaters generally, or it may be supplied with glands
which act chemically upon the food, as in seratehing birds, pigeons,
and some others. The seeretion produced in the crop of a pigeon
is called “pigeon’s milk.” It is a cheesy, nutritious substance
and 1s fed to the nestlings by regurgitation.

Among the lower vertebrates any external line of demarcation
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between the esophagus and stomach is either absent or vague, but
in birds and mammals there is usually a definite point of transition.

3. Stomach

The stomach is a conspicuous enlargement of the digestive
tract lying between the esophagus and the intestine (Fig. 248).
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Frg. 248 —Different stomachs.

Originally in certain fishes and salamanders, it is spindle-shaped,
and arranged to eonform with the general contour of an elongated
body, but eventually, in the higher vertebrates, it becomes saclike
in shape, assuming a somewhat transverse position in the body
cavity. Between these extremes may be found many gradations
of form and position.

In the doghsh, for example, the stomach, instead of being a
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primitive, straight, spindle-shaped enlargement with the entrance
and exit at opposite ends, i1s doubled back as a U-shaped tube,
so that the two ends are brought close together side by side.
Stomachs in the form of a bent tube occur also in the flounder,
haddock, salmon, carp, sturgeon, sole, and many others.

In =ome fishes, such as the perch, smelt, bullhead, whiting, and
herring, the loop becomes fused along its inner bend in such a
way that a bag-shaped pouch, or fundus, is formed, with the
entrance and exit near together at one side. This type of stomach,
when shifted into a transverse position, 1s much like that of man,
with a [lesser curvature on the upper side between the entrance and
exit, and a greafer curvature, forming the longer eontour around
the outer margin or former elbow of the stomach.

The entrance of the stomach is somewhat larger than the exit
and is less distinetly marked off, although the lining of the digestive
tract itself in the region of the esophagus is easily distinguished
from that of the stomach, even when the transition from one part
to the other externally is extremely vague and indefinite.

The exit of the stomach is closed by the pylorie valve, a fold of
mucous membrane reinforeed by a sphineter musele, which relaxes
temporarily for the passage of food into the intestine only when
the proper stimulative password iz given. The walls of the stomach
are muscular enough to insure the movement of the food around
and around by peristalsis until it has been reduced, by mixture
with seeretions, to a proper consistency and degree of acidity.
Then, as it is presented at the closed pylorus, the sphineter musecle
relaxes, and small, suecessive amounts of properly qualified mix-
ture are allowed to slip through into the intestine.

Amphioxus and larval eyelostomes, which have not gone far
enough in evolution to develop peristaltic museles, have the
entire digestive tube lined with eilia, according to Schimkewitsch,
the mission of which is to keep the food moving along. In the
human fetus also, as a possible reminder whence man came, the
posterior part of the stomach lining is clothed with cilia.

There is a tendency for the stomach to become differentiated into
two or more regions, distinguished from each other by loeation
and funetion. Thus, in the U-shaped stomach of the dogfish,
one speaks of a cardiac limb and a pyloric limb, while in certain
mammals, the mouse, for example, a constriction in the middle of
the stomach marks off a cardiae chamber from a pyvlorie ehamber.
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Mediecal literature eontains numerous references to the occasional
oceurrence of so-called “hour-glass stomachs” in man (Fig. 249),
which bear a strong resemblanee to the two-chambered stomachs
of mice and certain monkeys (Hylobates and
Semnopithecus). Whether such abnormal strue-
tures in man are pathological or ancestral,
13 uncertain.

An extreme modification of the subdivision
of the stomach into chambers is reached by

Fia. 249. — So-called i :
“hour-glass stom- the ruminants, which have four “stomachs™

ach” in man. (Af-

e Witderhain) (Fig. 250), The first in order is the rumen,

r “paunch,” which is a spacious storage bag
for the temporary reception of the grass or herbage upon which
ruminants feed. From the rumen the freshly garnered food is
passed over unmodified into the reficulum, or ‘“honeyeomb stom-
ach,” which as its name indicates, is lined with many pits. Here
it is compaeted into cuds that, when leisure from fee-:lmg comes,
are regurgitated into the
mouth, where they are chewed
over and mixed with saliva un-
til sufficiently Fletcherized to
slip past the passageway to the
rumen and, upon being swal-
lowed again, into the omasum,
or “manyplies stomach.”
This third chamber is lined
with many folds and com-
municates with the abomae- g,
sum, or true glandular stom-
ach, where the food is mixed
with gastrie juices and chemi-

. 250.—Diagram of a ruminant stom-
ach, with dotted lines showing the

course of the food. I, esophagus; 2,
rumen; 3, reticulum; 4, omasum: &,
abomasum; &, valves that permit a
small slippery cud to enter the omasum,

cally modified before being
forwarded into the intestine.

The vampire bat, Desmo-
dus, exhibits a peculiar adap-
tation with reference to its

but which are erowded back against the
walls of the esophagus by any large un-
chewed mass of vegetation, closing the
groove of the omasum so that the food-
mass finds temporary storage in the large
rumen. (After Hesse.)

bloodsucking habits, the fundus of the stomach being drawn

down into a deep elastic pouch (Fig. 248).

When a vampire

fastens on to a vietim, it can fill this spacious reservoir with

blood until the entire body is quite swollen

in consequence.
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The cardiac and pylorie regions of the stomaeh in birds have
become separated into chambers very unlike