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“To add new facts to any science involves the expenditure
of much time and thought, and usually also money; yet meny
are in the field and are striving ceaselessly in this direction.
But is it a less worthy object to strive for the alignment of the
facts which we already have?”

—W. Denham Verschoyle,
“Electricity : What Is It?”

“To experi&nge we refer, as the only ground of all physical
inquiry, But before experience itself can be used with advan-
tage, there is one preliminary step to make, which depends
wholly on ourselves: it is the absolute dismissal and clearing of
the mind of all prejudice from whatever source arising, and

.the determination to stand or fall by the result of a direct
appeal to facts in the first instance, and of strict logical deduc-
tion from them afterwards.”

. —Sir John Herschell,
“Discourse on the Study of Natural Philosophy.”



FROM AMPHIBIAN TO MAN

INTRODUCTION

N the present volume, as in those preceding, the attempt has
been made to emphasize points and to present data which have
been more or less neglected in the more “popular” works on
evolution. No doubt this plan involves some sacrifice of the

entertainnient element, and, in some cases, may lead to a certain tedious-
ness. But it is hoped that the solid information thus v be gained will
be well worth the close attention that must often be given when coming
into contact with unfamiliar terms and phrases. IHowever, no effort has
been spared to make every word understandable, by the introduction of
definitions or explanations wherever feasibie, within brackets, where the
technical language employed is within quotation marks.

It was intended, from the outset, to bring the general readet into
direct contact with the greatest living authorities on the various branches
of science bearing on evolution. In many cases, it will be observed, the
cxpert’s own words have been cited in preference to a paraphrased state-
ment by myself. By this method the reader hecomes acquainted not only
with the views or conclusions of our more eminent workers in the several
fields of natural science, but also with the most authoritative recent
works, and even some technical papers, dealing with the facts and
theories of evolution.

And could anyone hope to learn anything more important than the
facts which fully sustain the great evolutionary concept? It has fre-
quently been stated that “evolution has revelutionized human thought.”
Every vear brings forward indubitable confirmation of this statement.
To say “evolution” nowadays is to say “science”; and to say “science”
iz to bring to mind, to those who have had the good fortunc to read
Elliot Rowland Downing’s “A Source Book of Biological Nature-Study™
{1919), his abpreciation of the great contributions of science to the
evolving life of mankind, He names, as values we should highly
appreciate,

its emphasis on the scientific mnde of thinking or thc problem-secking, problem-
solving attitude of mind; 2 mass of scientific knowledge that serves as the basis
Tor desirable skills; and an interpretation of Nature productive of an inspiring
appreciation, both intellectual and esthetic, of her phenomena.

The .work of the geologist, paleontologist, or zoologist may appear,
from a certain point of view, to be somewhat unrelated to the thinking
processes even of rather highly educated persons. I think that Prof. J.
Arthur Thomson gave a good reply to this attitude of mind some years
ago (1911), in his interesting work, “The Study of Animal T.ife”:
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~ The zoologist has deliberately given himself up to analysis, and if the world
is to become translucent to us, we much include within our knowledge what he
can tell us about the structure and activities of animals, alike as unities and as
complex combinations of organs, tissues and cells,

The late Prof. John M. Coulter (1831-1929), in his comparatively
recent work, “Evolution,” emphatically declared that

every subject, that is worthy of study or that is worthily studied is considered now
from the standpoint of evolution. Before the idea of evolution began to control
thinking men, a fact was considered by itself, Wwithout reterence to any other fact.
Now facts are accumulated in order that they may be put together and made to:
explain one another. We observe a fact and ask what other fact causes it; and so
facts are linked together in a continuous chain, each fact dependent on ifacts that
have gone before, and respansible for facts that have come after, . . . It is evi-
dent that the idea of evolution does not belong to any particular subject, but that
it suggests a method of studying any subject. If the idea of evolution has had such
an influence upon thonght and work, it is clear that thoughtful people should under-
stand it, at least in a general way. . . . One of the most important and difficult
things for anyone to learn is to express no opinion uatil it ic based on knowledge.
To keep an open mind is what every student must learn to do.

If the reader of the facts which I have assembled in the pages fol-
lowing will keep before his mind’s eye, so to speak, the foregoing state-
ments, it is very likely that he will derive at least some profit from the
perusal of this volume.

After having stated that “the idea of evolution is the most potent
thought-economizing formula which the world has yet known,” Prof.

J. Arthur Thompson, the celebrated British naturalist, remarks:

In accepting the evolution idea we lose no small part of its virtue if we do not:
visualize it, if we do not, in some measure, image the relative simplicity of life’s
beginnings and the long pageant that has passed in gorgeous procession over the
earth for millions of years; if we do not understand that evolution is going on still
and that it includes us and our doings in its sweep.

Thowson's words are profoundly true. IIe who is not able at will
actually to picture in his mind’s eye the long course of evolution will
be unable to apply the principles of Darwinism to psychological, religious,
ethical, and social problems. If it Is asked, “How cun a knowledge
of evolution and Darwinism help me in the struggle for existence?” I
can but agree with Thomson in saying:

Darwin set a-going a kind of inquiry into individual development and racial
evolution, intd variation and heredity which promises to give us a firmer control
ot life. We arc only beginning tc realize that the truth that is in Darwiniem
shares with all truth the power of making us free.

Perhaps no one has put the importance of the study of evolution
more clearly than has the eminent English scientist, Sir Charles Scott
Sherrington (“Creation by Evolution,” p. xxi) :

The creation of man perceived as a gradual and still operative evolutionary
process, which, besides bringing him into existence is still molding him and will not
leave him where lie is and as he is, bears broadly and profoundly on the interpreta-
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tion of all human activities. This perception affords him new guidance in tracing
to their origins his instincts, his emations, his interests, and his reasoning power.
In the light of this perception civilization and the history of civilization acquire
fresh meanings; human society—its customs, its duties, and its growth—stands
visible from a new angle and in truer perspective, There is incumbent, therefore,
on every thinking man and woman, faced with the responsibilities of citizenship,
an obligation to inform himself or herself, in at least some measure, of the nature
and bearings of the great fact of evolution. Its principle is a part of established
nowledge, acquaintance with which, by rcason of the enlightenment it sheds on
life, cach one of us, for our own sake and for the sake of others, should possess.

Man’s big job consists of two paramount activities: adjustment of
himself, as a mammal, to his environment; and adjustment (modifica-
tion) of the environment to himself. Without the development of these
two capacities, man, like an amphibian nr a goril'a, is at the mercy of
Nature. A serious study of evolution (which includes its methods or
processes) leads to mastership of Nature, by learning how to control
“natusal Jaws™ (really there are no such “laws™), or to adapt oneself
ta natnral processes or tu control these processes in one’s own interests.
Any and every form of superstition or supernaturalism either makes
this advance impossible or retards the progress of mankind in self-pro-
tective operations or adjustments,

Prof. Sir William D. Tait, of McGill University, Canada, has con-
tributed an article to The Scientific Monthiv ( August, 1929, pp. 132-
136) which would well repay reading by any thoughtful person. His
paint is that even now we have sufficient knowledge of the right kind
at our command to make nature a servant, instead of a master, of

mankind,

Man’s advance in civilization is thus to he measured in terms of nicety of
adjustmen: to his enviroament, or to put it otherwise, his elficiency in meeting his
environment is the measure of his civilization, and the records of this advance are
to be found in the znnals.of science. This increased cfficiency can mly come about
by man's knowing more about the world in which he lives, no matter whether it be
the so-called outer world of nature, his fellow-man, or even himsell. , . . Simple:
as the statfement may appear that science [which, in our day, means a lenowledge-
of evolution] enables mun efficiently and competently to meet his environment and
thus -make progress as a civilized hiuman being, yet it has some profound and far-
reaching consequences. It means, first of all, that we are, as ve:, only at the
Deglonings of scieiee, and it means, oo, that In the strmggle for existence, which
struggle is unending, the individual or nation or race which knows most about the
conditions to be met and the way to meet them, in other words, the one with the
best scientific equipment, is the one which will survive, Thar inexorable law of
selecticn still holds, but in a very intricate, refined, and subtle way. Ignorance
spells non-adaptability, failure, defeat, and submergence. . . . [It is only byl rigid
scientific procedure in all the affairs of life that a people can become and remain
efficient and euttured.

Imbedded in ancient rocks are the fossil remains of thousands of
extinet animals, revealing the slow evolution of life from the lowest one-
celled plant-animal, on up to the savage, and, in many cases, ape-like
prehistoric ancestors of man. 1t was the great Sir [ohn . W. Herschel
who said: “Geology in the magnitude and sublimity of the objects
which it treats ranks next to astronomy in the scale of science.” And
John Ruskin declared that “geology does better in re-clothing dry bones
and revealing lost creations than in tracing veins of Icad or beds of iron.””
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Scientists have unrolted monster leaves (strata) in the Great Book of
Nature (the earth) and have translated for our edification and enter-
tainment the strange hieroglyphics in which Mother Earth has written
her autobiography. And a wonderful romance it is, for “The earth
hath gathered to her breast again and yet again, the millions that were
born of her unnumbered, unremembered tribes.”



Meaynard Shipley 9

CHAPTER 1
FROM FINS TO LIMBS

land vertebrates had their origin in one or the other of two
groups of Devontan fishes. The members of both groups
possessed lungs; and one group at least (the fringe-finned Ganoids)
had the begninmgs or foundatxon structure of hmbs——d developmg
terrestrial locomotor uyyuxutua Soine of the cvluCLl\.t: J.Ul Llllb Coil-
clusion of scientists was not given in the previous volume hecanse of
its highly technical nature; that is to say, the most elementary statement
of the (additional) fa.cts in support of the fiv-origin of man’s limbs
would require so many anatomical definitions in brackets, that it would
make the reading of our story unduly difficult to the average person.
It was therefore deemed advisable to let the matter rest as presented.

However, it may be permissible to add a few more fundamental
facts at this point in our narrative. Of special interest to the serious
student of evolution is the problem’ of how the shoulder-blades of an
ancient lobe-finned fish could have developed into the shoulder-girdle,
or scapula, as the anatomist calls this structure, of all land-living verte-
brates, including man. Full details are preqemed hy Dr. William King
Gregory, in his great monograph, “The Upright Posture of Man,” pp.
349-350, where the direct paleontological evidence is set forth, thanks
partly to the splendid researches of Prof. D. M. S. Watson ( “Evolutlon
of Amphibia,” Philosophical Transactions of ‘the Royal Society [B]
Vol. 209, 1919). Tn his study of the Carboniferous strata of Great
Britain, this eminent scientist, professor of zoology in the University of
London discovered an “almost ideally intermediate” type of shoulder-
girdle in the fossil fnrm named by him FEogyrinus, filling the erstwhile
gap between the lobe-finned fish and the oldest known amphibian, Ac-
cording to Professor Gregory,

The subsequent evolution of the shoulder-girdle from the earliest amphibian
to man is now well understood and may be reviewed in a few words. The cleithrum,
which . . . forms the largest part of the shoulder-girdle of fishes, suffered pro-
gressive reduction in the series of mammal-like reptiles until in the early mammals
it has either disappeared entirely, or, according to Broom, hecome rediced to the

condition of a vestigial dermal cap on the acromial process of the scapula. The
fowest of the existing mammals, the monotremes of Australia, still rctain a well-

developed interclavicle but in animals above the monotremes this element becomes
vestigial or entirely disappears.

Our authority then goes on to explain how the pelvis and hind limbs
of land vertebrates originated, and leaves nothing to be desired in trac-
ing, step by step, the successive stages by which fins hecame limbs.
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Naturally enough, the first attempts at land locomotion were very
clumsy. Says Gregory:

In the earliest attempts at locomotion, the wriggling movement of the body
hrought about by the ugzag muscle segments of the ﬂauks was still the pnmarv
source of forward locomotion, the hands and feet serving primarily as temporary
braces for the alternating transmission of this wriggling thrust-to the ground as
the body swayed and bent first to onc side, then to the other, Presently tﬁe ventral
surface was lifted completely off the ground and henceiorth the creature relied
solely for propulsion upon the lengthening or extension of the limbs. From the
very first the limhs acted as jointed compmmd ]ever: which alrernatexy folded up
and extended. on the very same principle which :s still found operating in the legs
of man. From the first also there was 2 criss-cross. alternation of flexion and
extension pf the fore and hind limbs, accerding to which, for example, the right
fore limbs would be moving backward 'while the left hind limb was moving forward,
just as our arms swing alternatively with the movements of our legs wa!kmq
[italics mire].

The eatly amphibians, whose skeletons are known to us, were stiil
primitive, not only in the Devonian Period, but also in Carboniferous
times  ( Mississippian pcrmd that is {0 say, about 850,000,000 years
ago. We know that they were still fish-like and resembled m many
ways the lobe-finned fishes {rom which, as the evidence previously pre-
sented clearly shows, they were gradually evolved.  This transition was
doubtless a matter of tens of millions of vears, and, according to Oshorn
and other competent palcontologists, took place in Lower Devonian if
not in Upper Silurian times. They provcd themselves to be a highly
plastic and adaptable form of animal, responding reacily to secular
.changes of envirorment, some evenlml]v evolving into types \(hp ed
w L,.\uundy arid conditions, By Mid ldlc Dcvonnn time the various
forms of Amphibia had become distribiited aver a wirde area of the
earth’s surface, znd they continued to flourish until the end of the coal-
forming period. Tr size, they range from about two inches to more than
ten feet (loxominz)—about the size of an adult Florida alligator. The
various stages of this progressive evolution are well represented hy
fossils preserved in the Coal Measures of Scoutland, Bohewia, Ohiv {at
Linton), and Pennsylvania. Tn all, the coal swamps have hrmxvht 10
light 46 genera and 8] species of ‘wtegacephela——f/ ¢ wost primitive ()rdcr
of /1111,[‘11 bia, in which the membrune-bones made a wunchLe covering,
to the skull.

Here the evolutionist naturallv asks, whence these armor-plate
protective hones? Many of these bhones have been identified with
those of ancient fishes, especially of the order O m’nlcpzdotz—e g., Os-
teolepis, Sauripterus. In other words, the “armor’™ was a heritage from
the fish ancestors. (See Roy I.ee Maodie, “The Coal Measures Amphibia
of North America,” in which 90 species of Amphibia are fully described.
Publications of the Carnegie Institution of Washington, No. 238).

It could hardly be doubted that the average intelligent reader would
naturally assume that there is a greater “gap,” from the standpoint of
evolution, between sharks and the Amphibians (or Batrachians) than
hetween the (higher) bony fishes and the sharks. This, however, is not
the opininn of experts in zrology. There is more difference between
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the bony fishes and the Selachians (sharks and rays) than there is be-
tween bony fishes and the lowest types of Amphibia. There is not a
zoologist in the world today who would disagree with this conclusion.

In the preceding volume it was shown that for tens of millions of
years there was not an animal on earth (or in the sea) that possessed
jaws. Now, the sharks heve jaws—and from them came the jaws and
teeth of all higher animals. Whence the first pair of jaws, inherited.
by Amphibia, and eventually by Man?

Regan (1906) pointed out that the Selachians were cranial verte-
brates “with gills supported by visceral arches, one pair of which is
mnodified into jaws” (C. T. Regan, Papers on Classification of Fishes,
Ann, Mag. Nat. Hist,, 1909-13; “Classification of Selachians,” Proc.
Zool. Soc., Vol 2, October 10, 1906). Reichert was first to suggest that
the bony chain of the middle ear of man has been derived, by gradual
modification and adaptation, from a portion ot a modiiied gill-arch—
i. e., the mandibular cartilage (lower jaw) of the fish.

A dear picture of the still fish-like earliest land animals, and the
environmental changes which led to their further evolution, is given by
Prof. Osborn in his splendid work, “Origin and Evolution of Life,”
{pp. 177-118) :

The earliest of terrectrio-aquatic types have not only a dual breathing system
I gills and lungs, but a dual motor equipment of limbs and of a propelling median
fin in the tail region. . . The primordial Amphibia in their form were chiefly of
the small-headed, long-bodied, small-limbed [scarcely raising them from the ground],
tail-propelied type of the modetn salamander and newt. . . . In Upper Carbon-
iterous and carly DPermian time ¢he terresirial wmphibians began tu be favored by
the land elevation and recession of the sea which distinguished the close of the
Carboniferous and early Permian time. . . . One ancestral feature of the amphibians
is a layer of superficial body scales in some types, which appear to be derived
from those of their lobe-finned fish ancestors; with the loss of these scales most
»1 the Amphibia lost the power for forming a bony dermal armature.

Many features in the evolution of all preceding classes of animals
—from Protozoa to Amphibia—are still recapitulated in a few days in
ihe development, and later metamorphosis. from the tadpole to the frog.
{ A section will be devoted to the phenomena of embryology in the sev-
cnth volume of this series.)

The Stegocephalia (Greek for covered, mailed, or solid-headed),
Palaeozoic Amphibia, along with very primitive forms of the Reptilia,
chiefly belong to late Carboniferous (Pennsylvanian) and early Permian
time. ln the struggle for existence on the land, it was a great advantage
to these creatures that the chest also was protected with thick dermal
hones, or “armor,” consisting of three large “plates,” which represented
@ part of the bones of the pectoral arch of the fishes and were the source
of the shoulder-girdle (shoulder-blade) of higher vertebrates. In some
forms (Branchiosauria), both dermal plates and scales were absent, and
they were therefore, essentially “naked,” as are nearly all living Am-
phibia (scales being present now only in the Caecilians [Apoda], limb-
less Amphibia, sometimes, but erroneously, called “blind worms.” a small
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group of about fifty species. Although the skin of these burrowing
creatures is smooth and shiny (in ring-like folds), small, deep-set dermal
scales occur, an inheritance from the ancient stegocephahan ancestors.
Here, too, we meet with a cranium which is very solid and compact in
appearance, more like that of primitive reptiles than like modern am-
phibia. The eyes are rudimentary and practically functionless, as in most
burrowing and cave animals, In all the Amphibia—as, indeed, in Man
himsel{ —the fish-like muscular connections of the throat with the
collar-bone, and of the collar-bone with the back of the skull, still persist.

The armored amphibia (stegocephalians) first uppeared—uot count-
ing a foot impression (Thinopus) from the Upper Devonian, which
was probably a very primitive stegocephalian amphibian—in North
America in Devonian time and continued to flourish until the Permian,
dying out during the (succeeding) Triassic (first period of the Mesozoic
Era, or Age of Reptiles).

The Pennsylvanian—whose strata were laid down about 85,000,000
years atter Devonian tumes—was a period of mountain making, ail of
North America being dry land—i. e.. having no inland ( epemc) seas,
which were formerly more extensive than the land area. This condition
of land uplift ¢tontinued into the Permian, which followed, and lasted
for about 235,000,000 years, culminating in the making of the Appal-
achians, the Onachitas, and the ancestral Rocky Mountains. During the
last third of the Lower Permian time a glacial period, quite as cold as
that of thé Dleistacene, set in, alang with widespread arid ennditinns
The less adaptable (or more highly specialized) stocks {finally perished,
both plant and animal forms.

It appears that the first amphibian Downes (as distinguished from
mere foot impressions) are {rom the Edinburgh Coal Measures of Scot-
land, which have heen referred to the Lower Carboniferous; and they
are thercfore of equivalent age to footprints found in Nova Scotia. .

Ptof. Roy L. Moodie, of the University of Illinois Medical School,
called attention in 1920 to fossils found in Mason Creek, in northern
Lllinois, which he considered as among the most primitive of land verte-
brates. In a contribution to The Scientific Monthly, he said:

‘I'here is a small stream in northern Illinois which, since the last great ice sheet
retreated, has cut its unhurried way through some forty feet of glacial alluvium
and has thus exposed in its present bed the shales and rocks of the Old Coal Periac
which was the witness of Nature's fnost important moment. The old Indian name
“Mazon” still clings to the siream and it has become famous the world over jor
the wonder and importance of the relics of ancient animal and plant life found
along its banks. Locally the creek is held in contempt, by the grown-ups as a
breeding place for musqu:iuca, aud Dy the small boys because it i3 nowhere deen
enough for a good swimming hole; fishing is almost unknown. The winding
ripples, however, offer pleasant prospects to the casual visitor and its banks hold
untold treasures for the student of ancient life.

The water has worn its placid ways for centuries through severa! feet of
grayish red shales, washing out an occasional rounded nodule, which, becoming
cxposed to the action of the frost, cracks, and thus discloses its buried treasure of
Palacozoic insect, centipede, spxder fish, leaf, or, very, very rarcly, the remains of
the first animal with legs, which resembles so very closely our present mud-puppies.
These small creatures are the oldest known land vertebrates and represent that most
interesting and romantic phase when the animals which later resulted in the evali«



Maynard Shipley 13

tion of man were heginning to come out of the water and live a portion of their
existence on land.

These little fellows, whose fossils we find ou the Danks of Mazon Creek,
were 1imid adventurers and stayed close to the shore of the old brackish bayou, the
relics oi which have come down to delight modern students in their atteppt to
unravel the story of the old world. None of them exceeded ecight or at most ten
inches in length, and they were often surpassed in size by even the centipedes which
crawled through the swamps with them. But in potentialities of development these
small knights of the Palaeozoic surpassed anything the world had ever seen or will
ever see again. They marked an important stage in this great progression of verte-
brate life which has resulted in the development of the anmmate world as it is today.
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CHAPTER II
EVOLUTION AND CHANGING ENVIRONMENT

E have scen, in the preceding volume, that at a certain stage in
3 the development of our planet, the oceanic areas of the earth
B4 became less extensive; that arid conditions prevailed over large
kel sections of the various continents, as evidenced by the char-
acter of the deposits at present known to geologists, Many a swamp,
pond, lake, or stream slowly dried out. An invasiort of the land sur-
faces Ly wwphibiun-lihe fishes amturally followed, The evolution of
land vertebrates naturally required important modifications of the respir-
atory apparatus, and transformation of the fins of the Fish into feet
capable of treading dry land. In a geueral way, in outline, we have
already seen how this evolution came about. That it came about is
demonstrated both by the fossil record and by the facts of embryology
—of which I shall have occasion to speak more at length later.

The organs we call lungs in the Dipnoid Fish, and in some, if not
all, of the Ganoids, are in no way different, in their vascular qualities,
from the branchial or “lung pouches” ol the higher verlebrate groups.

Prof, Edmond Perrier (“The Earth Before History,” p. 175) says:

o=

They are themseives exactly equivalent to the lungs of the Batrachians
[=Anura, ie., frogs and toadsl, which are provided in their early stages, and
sometimes throughout their whole life, with external branchiae. . . . The same
mechanisms acting on organisms of the same fundamental constitution produce the
same effects, [therefore the known facts force us to assume, logically] that the
Batrachians owe their external branchiae [in early stages of individual development]
and their lungs to the fact that their ancestors had for a long time lived in waters
frequently polluted, i.e, in swamps or muddy rivers, as‘the Dipnoi [lung-fishes]
certainly did [and, often, still do]. The principle just invoked, moreover, is the
same that has brought about those resemblances, due to causes other than heredity
[which are always distingnishahlel, which are found among different animals, and
which recently have been called convergence—a term far less exact than Isidore
Geoffroy Saint-Hilaire's expression, parallelism,

Professor Perrier then asks, “can it he doubted that the amphibious
Batrachians [meaning Amphibians in the wider sense] are descended
from Fish, and form the link uniting them with the first definitely
terrestrial Vertebrates, the Reptiles?”

Just here let me remark that there is no such thing as a “law of
evolution,” impelling progressive development ‘ta higher forms. There
is spontaneous variation under certain environmental conditions leading,
wherever possible, to successful adaptation. There is no “law of prog-
ress,” or of progressive evolution, in the Spencerian sense. Radical
changes of environment precede radical transformations of structure
and function.

Before the Devonian Period (which carrics us back at least 450,-
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000,000 years ago), and more especially during this stage (Devonian)
in the evolution of lifc on carth, a wide area of dry lands had emerged,
and, in due course of time and physical events, had become clothed with
an abundant forest flora—though the “grass” of the Holy Scriptures,
and the “fruit tree yielding fruit after his kind” were as yet many mil-
lions of years—about 150,000,000—off (according to the uranium-lead-
helium content of the superimposed strata). ’

The first Vertebrates to become adapted to terrestrial life were,
naturally, the ancestral Amphibia, and “they ruled their various environ-
ments certainly from late Devonian until well into Pennsylvanian time”
(some 60,000,000 years after the Devonian, which seems to have per-
sisted for about 50,000,000 years, followed by the “Mississippian,” of
about the same duration). The so-called Pennsylvanian preceded the
Permian, which brought to a close—by a widespread period of land
clevation, accompanied by a Glacial Period in some areas—the Palae-
ozoic Era, or “the Age of Fishes and Amphibians.” Then followed the

"Mesozoic Era, or the Age of Reptiles.

Had the physical environment remained constant for all organisms
during the first thousand million years of the earth’s history—and a
period of geologic history of this enormous duration had almost certainly
passed before the beginning of the Palaeozoic Era which we know as
the Cambrian Period (in which fossils: for the first time become abun-
dant)—there would have been little or no progressive evolution by virtue
of “resident forces.” Hence the history of organic evolution is not a
record of the operation of some mystical law of progress, but of adapta-
tion to a changing environment, plus “the struggle for existence.”

In the Amphibia, then, we meet, for the first time (after some
200,000,000 years of vertebrate evolution) with animals possessing a
three-chambered heart (the fish-heart is two-chambered), and a mobile
muscular tongue, along with legs, instead of fins, each leg bearing fingers
or toes. Lungs and functional nostrils were nearly always present in
the adult, though they breathed by gills when very young, as do all the
fishes. Among the salamanders, the lungs may be reduced to vestiges,
or completely suppressed.

Although the Amphibia were the dominant type of land fauna in
the Devonian period, today they occupy, in comparison with other classes
of animals, a very insignificant position (about 900 species, mostly of the
frog kind; but the Class includes toads, newts, sirens, mud-puppies,
water-dogs, and land salamanders—all cold-blooded animals). No am-
phibian can live in salt water, which points to fresh-water bodies as the
place of their origin, Those marine fishes which migrate to fresh water
during the breeding season almost certainly had a similar place of origin.

- In the case of nearly all of the Amphibia living today, the eggs are
fertilized in the water and develop there very much as da those of the
fishes; and, on the contrary, very little as do those of the higher verte-
brates. In about two months, on an average, the young amphibians
attain a stage equivalent tg that of the lung-fishes. "After a period of
from-a few weeks to a few months, during which they undergo a marked
metamorphosis, “we see a recapitulation of Palaeozoic history that con-
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sumed millenniums of selection of the most fit for their environment”
{Prof. Charles Schuchert, “Text Book of Geology,” Vul. II, p. 405}.
From the viewpoint of historical geology, as Professor Schuchert fur-
ther points out, the Urodela or tailed Amphibia (as distinguished from
the Anura, frogs and toads) are of great significance, for this sub-class
of Amphibia must have had its origin in the Palaeozéic Stegocephalia
(solid-headed amphibians). The number of toes on each foot varies
hetween five, the usual number, and two. Sowne forms, like the land
salamanders, when mature may live wholly on land and lose all traces
of the gills, while others, such as the mud-puppies, remain in the water
and preserve the gills throughout life. “The Japanese and Chinese giant
mud-puppy,” says Schuchert (Op. cit., p. 409), “is the largest of all the
Urodela, attaining a length of five feet. One individual lived in cap-
tivity for over fiity years.”

far . Howeve
salamander of the Alps (Salamandre atra) inhabits a territory where
pools are scarce, and the young, after a period of living and breathing
within the mother, are born as lung-breathers. Some species of tree-
frogs (Hylades) omit the gilled stage of development. In Purto Rico,
also, there are frogs that have eliminated the “pollywog” stage. In a
letter to The Atlantic Monthly, Anne H. Wall states that K. P. Schmidt,
herpetologist of the American Museum of Natural History,

Very few amphibians live

found on El Yunque 2 frog that laid tiny transparent eggs in which could be seen
the already developed babics whom fatle hLad spared the tadpole stage. o well
remember how our house fairly crept and crawled with specimens brought in by two
greatly interested small sons; and particularly the astonishment of us all when Mr.
Slchn'gidt produced his vial of transparent eggs with the midget frogs sitting in state
thereni,

Not only the head, the skull of which 1s covered with a corpact
mosaic of membrane-bores, reminiscent of the lung-fish cranium, but
also the brains of the Amphibia recall in many points those of the Dipnoi.
The axis of the brain appears straight, as in fishes; in higher Vertebrates
this axis is more or less folded. The cerebral hemispheres of the fore-
brain are, as might be expected, relatively large, as compared with those
of fishes. The circularatory system closely resembles that of the Dipnois
—or of the ancient fringe-finned Ganoids. In the frog, the heart closely
resembles that of the Australian lung-fish Ceratodus, which already
shows the beginning uf the subdivision of the auricle into two, with the
pulmonary veins running into the left subdivision. In the frog, the
division of the atrium is complete, and the blood from the lungs returns
direct to the left auricle by the prilmonary weins. There is only one
ventricle. All warm-blooded animals have two auricles and two ventri-
cles. The kidneys and reproductive organs of Amphibia show essentially
the same arrangements as in the sharks (Elasmobranchs), the kidney
being divided into a sexual part connected with the testis and a postertor
non-sexual part. As in fishes, there is but one opening for all ejecta,
the cloaca, But there is one organ never found in the fishes, the so-
called allontoic bladder. This is formed from the ventral wall of the
cloaca, which is produced outwards into a rather large thin-walled sac,
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or bladder, in which the urine accumulates when the cloaca is closed.
This organ acquires great importance in the evolution of the higher
animals,

All the progressive changes just noted are adaptations to new
needs due to new environmental changes. They are not the product of
some metaphysical directivity or of a mythical “law”.
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CHAPTER III
THE ROMANCE OF “GONDWANALAND”

AN a recent illustrated article, entitled “What the World Owes
to South Africa” (The Scientific American, August, 1929, pp.
119-121), Prof. Robert Broom states that at the end of the
Coal Period, about 800 million years ago, the lands of the
southern hemisphere became divided from the north by a long east-west
sea. At this time a vast continent, extending from South America to
Africa, part of India, and Australia, appeared—the present Malay
Archipelago therefore being then part of this vast southern continent.
Drofessor Broom is of the opinion that most of thc South Atlantic and
the Indian Oceans weve then land and formed part of this great conti-
nent, known to geologists as “Gondwanaland.” It is quite impossible
to explain either the past or the present geographical distribution of
plants-and animals without the existence of this continent. Under such
circumstances, any possible theoretical objections of a geophysical nature
must yield to the plain observational evidences, Dr. Broom remarks:

For a time, much of Gondwanaland was coyered by ice; but soon after the
end of the Coal Pertod, temperate and even tropical conditions prevailed, and new
types of animals and plants began to make their appearance. In South Africa we

are fortunate in having a most wonderful record of the progress of evolution
during the (ive or ten millions of yearc that followed the Caal Period. We have

an uninterrupted succession of shales which by their fossils reveal to us better than
in any other part of the world, the evolution of animals for long periods of time.

The lower layers show us the life of the earlier times—the upper layers, as
deposited, of the later. The lower shales are not very rich in animal life, but are
interesting as showing us a peculiar little fresh water, lizard-like animal which also
inhabited PBrazil.

How did it reach Brazil if there was no “Gondwanaland”? Be it
noted that all evidence is against the supposition that animals of the same
genus have, at times, arisen independently in different parts of the world.
A common origin and migration explain all the known facts. But the
general question of the geographical distribution of plants and animals
1s reserved for the eighth volume of this “Key”.

In the later deposits of the Karoo formation, Broom and other

geologists have found fossil reptiles that are well on the way to the
warm-blooded mammalian stage. (Of these Braom says that there can
he no doubt that they are the ancestors of the higher forms of today.

Many of these mammal-like reptiles had teeth arranged like the teeth of a dog,
with large eye-teeth, and they had the same number of joints in their fingers and
toes that man has today. . . . We have hundreds of different mammal-like
reptiles—primitive types in the lower beds, and in the upper layers the remains
of animals so like the mammals of today that it is not always possible to be quite
sure whether they were cold blooded or warm like true mammals.
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Professor Broom states that at the very time when Gondwanaland
was blossoming forth with new and higher types of plant and animal
life, there was little or no evolution taking place in the northern continent
—a period (Permian) during which there existed a broad land connec-
tion between Alaska, all of what is now the United States, Iceland,
Greenland, Europe, and Siberia.

Following thc Permian Deriod—u systern of rocks named after the
province of Perm, in eastern Russia—which closed the Palaeozoie Era
(Age of Ancient Life), begins the Mesozoic Era (Age of Medieval Life,
or Age of Rcptiles}), the first division of which is called the Triassic
(because of its threefold stratigraphic nature). From this time on, the
rocks of the whole northern continent reveal new forms of plant and
animal life, in an evolutionary series. Whence came these more highly
evolved forms of life? Broom says:

Ii was muely ithe resuli of @ puriion vi the dividing sea’s becumning land, and
the new types of animals and plants that had been evolving in Gondwanaland over-
flowing into the northern lands and “civilizing” them. Almost all the wonderful
new types of animals and plants that have been discovered in the Triassic rocks of

the north are now known.to be related to somewhat similar forms that lived many
years before in Gondwanaland.

Broom is confident that when the South African beds “have been’
more fully studied, we will probably have all the steps we could desire
in_the evolution of these many higher types of life.”

While some group or groups of South African Amphibia (a Greek
term meaning “leading a double life,” or one in two places) were prog-
ressing taward the reptilian stage of evolution, a somewhat similar de-
velopmental process was going on in North America. In the Upper
Devonian shales of Pennsylvania was found the earliest proof so far
discovered that the long period of transition of the vertebrates, from
the fish type to the amphibian type, had been achieved—the single im-
pression of a three-toed footprint (Thinopus antiguus). In sediments of
the Mississippian Period, which followced, we find tiacks ul aany kinds
of amphibians, those eatliest vertebrates to walk on land. Throughout
the continental deposits of Pennsylvania, known as the Maunch Chunk,
many footprints of amphibians have been discévered, but most of them
have not yet been described. As long ago as 1849, Lea found what is
described by Schuchert (Op. cit., p. 342), as

a most intcresting slab, a little over five feet long, with six successive foot jmpres-
sions made by an amphibian (Palacosauropus) with a thirteen-inch stride. This
slab is ripple-marked and has rain imprints, indicating a mud flat of land origin,
over which the animal walked when the deposit was soft and wet. [Noachic-flood
geologists, please note!]l Ancther amphibian track has been found in Giles county,
Virginia (Dromopus).

Dr. Schuchert, in a splendid chapter (XXX) of the text-book previ-
ously cited, gives us a clear picture of conditions during the peried now
under discussion. To quote a few illuminating passages (pp. 420-422) :

The glacial climate and the subsequent long-continued arid conditions “wrought
a mighty change in the life both of the lands and oceans. We have seen that for
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a long time before the Permian the climate had been mild the world over [though
at least two glacial epochs had comc and gone beforc the end of the Cambrian—

some 300,000,000 years previouslyl, and that “no animal could endure the least
cold,” Accordingly the Permian was an age of hardship and struggle for all life,
and brought death to many of the specialized [ie., non-plastic, non-adaptablel}
stocks. With the glacial climate, there came into existenle a hardier flora in the
southern hemisphere known as the Gangamopteris flora, which in later Permian
time had in Asia spread to the Arctic Ocean. [The Permian rocks of Australia,
India, South Africa, and South America give evideuce of widespread glacial ice—
some 300,000,000 years ago! The rigors of this time, and in this wide region,
expelled, or-exterminated, many of the members of the early cosmopolitan flora and
introduced a number of new types, known collectively as the Glossopteris flora.]
This flora provided a different, and probably a better food for the insects and
reptiles of the land, and accordingly we see a marked evolution among them. In
the seas there was a great dying out of many kinds of brachiopods [lamp-shells,
not related to bivalve malluscsl (chiefly praductids [spiny-shelled animals]l and
orthids), tetracorals [cup-corals], ancient echinids [e.g., blastids, crinids, sea-lilies,
etc.], and fusulinids [spindle-shaped colonial forms of protozoa with calcareous
shells, often limestone makersl, and the scattered trilobites [crustaceans, dominant
" in Cambrian times] also vanished, Their places were taken by the ammonids
[cephalopods with flat spiral shclls, some spccics having a diamcter of threc feet or
morel, lobsters, and modern echinids and molluscs, . . . By far the best sequence
of American Permian formations is that of Texas, where they appear to continue
the Pennsylvanian strata without a marked break. [These formations continue
northward across central Oklahoma and Kansas into eastern Nebraska, as “red
beds.”] . . . In Texas the thickness is variable up to 5400 feet. . . . They are
vast tidal flat and river deposits of an arid climate. . . . In north-central Texas
‘the Permian is in places replete with a wonderful array of land reptiles, The red
color [denoting aridity] and the presence of gypsum and salt [Oklahoma is some-
times known as the Gypsum State] are the striking phenomena of the latest Penn-
sylvanian and early Permian deposits of the southwestern United Statces.

No rock-making records of this period are known throughout the
castern half of North America, with the exceptions of a very little fresh-
water Permian deposit near Danville, Illinois, and a ‘smail brackish water
area in southeastern Ohio, “as attested by the sharks of the Devonian
formation.” Schuchert says further (p. 432):

In the southern hemisphere, due in all probability to the cool climate brought
about by the gldacial period of late Lower Permian time, the more characteristic
clements of the older cosmopolitan flora were in part wiped out and some of the
elements which remained were evolved into new forms that soon took possession of
the ancient land Gondwana, and finally of the entire southern hemisphere, including
Antarctis.  This plant assemblage is known as the Glossopteris or Gangamopteris
flora, because of the prominence in it of these two plants. . . . It appeared about
the same time in Africa, Australia, Tasmania, southern India, and South America.

Glossopteris was a Cjcadophyte (pro-Angiosperm), with a net-
veined (anastomosing) leaf, of lanceolate shape; Gangamopteris had a
broader leaf (obovate form). They possessed simple fern-like fronds,
and were born on creeping stems or rhizomes, Glossopteris was prob-
ably seed-bearing. (See E. W. Berry, “Palaeobotany: A Sketch of the
Origin and Evolution of Floras,” Annual Report of the Smithsonian
Institution for 1918 [published in 1920}, pp. 289-407). “It is not cer-
tain,” says Professor Berry, “whether they were true ferns or represent
the seed ferns so common in the Palaeozoic” (Loc. cit., p. 383).

In the period now under consideration, one of the most important,
from the standpoint of evolution, in the whole history of geology,
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Gondwanaland, as we have just seen, made of a great part of the south-
ern hemisphere one vast continent, though in early Permian time the
shallow epeiric seas isolated certain regions—including, for a time at
least, South America. DBut, as previously stated, the widespread de-
posits of Permian age having the Gamgamopteris flora, which occurs
throughout the southern hemisphere, indicates (as paleobotanists truly
hald) that this flara could have been so widely distributed only across
a continuous land, or transverse continent reaching from South America
to t}ustralia (and to the Antarctic) [F]. Schuchert says (Op. cit., p.
430) :

Belief in the existence of Gondwana is widespread among European geologists,
but some American workers do not yet believe in it, mainly because they hold
strongly to the theory of the permanence of the occanic basins and continents.
Without this continent, on the other hand, paleontologists cannot explain the kuown
distribution of Permian land life, and, turther its presence is equally necessary for
the interpretation of the pccuhar d151r1buuou ul mainine ldungs begiuning certainly
with the Devonian and ending in the Jurassic.

In the second edition (1929) of his great trcatisc on “The Larth,
Its Origin, History, and Physical Constitution,” Dr. Harold Jeffreys, of
Cambridge University, England, discusses, not Gondwanaland in par-
ticular, but “land bridges” in general, connecting continents, “largely
to provide routes of migration for animals and plants.” The waning
popularity of this theory, he thinks, is due to the newer conception of
(A, Wegener'n) [loaling coutiucits, ur “coutinental diift.”  Cunnucutiig
on these theories, this eminent geophysicist says (p. 306) : '

The main Ub_]E\,Ll()ll to the theory of former land bridges, which have sunk
below the sea, is an apparent conflict with isostasy [to be explained later], which
would be serious if we were restricted to two materials [constituting the earth’s
crust] each capable of only one physical state, for then the quantity of the lighter
material per unit area would definitely determine the clevation of the land surface,
and serious change in the height of the land on a continental scale would be very
difficult to explain. But when we have three materials, probably each capable of
a vitreons state and at least one crystalline one, the question is on a very diffcrent
footing.

(The great Swiss genlagist, Fduard Suese (1831-1014)—famous
as author of the “monumental treatise,” “The Face of the Earth”—
assumed only two materials, “Sal” (modified to “Sial” by later writers)
and “Sima,” dense, basaltic magmas, each capable of only one physical
state.) :

Under the physical conditions postulated by Jeifreys, the fonndering
of a land bridge could occur without departure from isostasy (Greek,
1s0s, equal, and stasis, condition)—a term invented by C. E. Dutton in
1889, He defined isostasy as “the tendency to maintain monntain pro-
files in equilibrium.” As early as 1835, J. H. Pratt noted a defect in
mass in the Himalaya range, through observations on the deflection of
the pendulum from the vertical, and an excess of mass toward the Indiax
Ocean ; and he concluded that highlands, including both mountains and
plateaus, were upheld by differences in the density of the crust. More
recent investigations, especially those now being carried on Ly Dr. F. A,
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Venning Mcinesz, of the Geodetic Commission of Holland, using a sub-
marine as 2 floating gravity observatory, and employing three pendulums
instead of a single one, in general confirm by experimental records the
theory of isostasy, by which the crust of the earth is supposed to consist
of masses of varying densities, floating on a more or less fluid mass
beneath,

To quote an article in The Scientific American for March, 1929:

“Tt is assumed, on the theory of isostasy, that the continents were
held at high altitudes because the earth’s materials under them are light
—just as the ice of the lower part of an iceberg holds its top out of the
water. It is also assumed that the bottoms of the oceans were under-
laid by material heavy enough to hold down the ocean basins.

“Computations based on this theory, were made which showed that
the assumptions are substantially true, and that these light and heavy
materials extend to a depth of about 60 miles below sea level. . . . Dr.
Meinesz’ gravity work al sen is designed primarily Lo test the isostatic
condition of the earth’s crust below the oceans. His data will also be
used to make a better determination of the shape of the sea level surface
of the earth, that is, the earth’s ‘figure’.

“The results of his observations lead us to the conclusion that the
isostatic condition exists under the oceans to about the same degree that
it dues under the continents. It may, therefore, now be asserted that the
earth’s crust is in isostatic equilibrium. Tt would remain so were it not
for disturbing influences, the most important of which is the erosion of
material from land areas, and its transpurtation by stieams and tivers
o the margins of oceans.and inland seas, where it is deposited in vast
quantities. This transfer disturbs the equilibrium. The crust sinks down
under the sediments and it rises up under the areas of erosion. In order
that this may be, the sub-crustal material must be plastic to forces acting
for hundreds or thousands of years. This must be so since isostatic
cquilibrium  exists.”

For example, if oil and water are balanced in a U-tube, it is evident
that, since water is the heavier, its surface will be lower than that of the
lighter oil. It is upon this principle that the theory of isostasy is based.
Dr. Meinesz has already (1929) observed at about 250 places, thus
making it possible to show that the ocean basins are depressed by the
greater density of the crustal material underneath them.

If the theory of isostasy is valid, then each segment of the earth—
which may be regarded as a mosaic of great polygonal blocks—having
an equal area of surface, with its apex at the center, contains the same
amount of material. which it is impossible materially to increase or de-
crease. As Prof. T1. F. Cleland very succinctly puts it (*Geology,”
p. 367):

When a large quantity of material is removed from the land by erosion and
deposited in the ocean by streams, the increased weight under the ocean and the
decrease under the mountains will cause the rock at a great depth [about 60 miles]
to flow from the area which is more heavily weighted, to that from which the
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weight has been removed, and the approximate equality of material in the segments
will thus be restored. As the oceanic and continentai segments are drawn toward
the center of the earth, the surface portions are subjected to great lateral pressure
produced by the crowding of the segments against one another, and since the
pressure cannot be relieved by the transfer of material by rock flowage such as is
possible at great depths, it ‘is relieved by folding and thrust faulting. . . . The
folding of strata by lateral pressure could not [on the theory of isostasyl cause the
clevation of a mouniain range without the aid of the expansion of the material of
which it is composed, since otherwise the quantity of material in the segment would
be increased by folding and this added weight would cause a slow sinking, and
material would flow from below the heavier segment to the lighter one, until the
two balanced.

The gravity data now being rapidly accumulated by Dr. Meinesz
and his associates enable geophysicists to determine by an indireet method
the difference in weight or mass of one part of the earth’s crust as com-
pared with other parts—whether one unit prism or “block” is heavier or
lighter than some other one.

Science Service made a most interesting report on the work quite
recently carried vut by Di. Meinesz, in association with Dr. I'. IE. Wright
aad E. B. Colline, of the Navy Department. A portion of this account
follows:

They found a departure o equilibrium in certain regions, which reveal stresses

in the ocean hottom or in the subcrustal layers, One of these regions is the central
part of the Gulf of Moscico. Recidas that, twa great acean deepe were crndied

One is the Bartlett deep, about 22,500 {eet, southeast of Cuba and between that
island and Jamaica. Here they had the busiest time of their trip, for in eighteen
hours they made five separate dives and observations. Altogether 49 gravity ob-
servations, each requiring a4 separate dive, were made.  The Bastlett deep, lvwever,
rather unexpectedly showed no great stresses.

North of Porto Rico they studied the Nares deep, which showed great stresses
at work. In the deep itself, the sides of which slope as much as 40 degrees in some
cases, there was a deficiency of gravity, while to the south there was an excess.
Dr. Venning-Meinesz thinks that this indicates that there is a horizontal pressure
in a north and south direction in the ocean bottom in this region. This pressure
causes a buckling, pushing Porto Rico up, and the deep down. The observations
show that this pressure extends to even as far as East Cuba, i.e,, much farther than
the configuration of the ocean floor indicates.

From their studies in the Gulf of Mexico, off the delta of the Mississippi,
they found no evidence that the large masses which the river is continually
depositing on the ocean bottom disturbed the equilibrium. Apparently as fast as
this deposit is laid down, the adjustments take place.

When the computation of the results is complete, some new light may also
be shed on Wegener’s theory that North and South America and Europe and Africa
were ariginally jnined, hnt that the western continent is floating away from the
eastern. In his previous observations Dr, Venning-Meinesz found an excess of
gravity of{ the Pacific shure vf Central America, which might furiish an indication
that the Americas were pushing westwards, This would be in accord with.
Woegener’s ideas. Now during this cxpedition, observations were made off the
Atlantic coast. If these prove that there is a deficiency of gravity in this region,
it would be in accord with this theory, for it would show a pull, instead of a
pressure, on the bottom. If it proves that gravity is in excess here also, however,
the theory will get no confirmation.

(Isostasy is discussed by Jeffreys in the work cited; see Chap. ix,
pp. 1U9-110, especially. A far more satisfactory discussion, tor the
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layman, may he found in the Annual Report of the Smithsonian Institu-
tion for the year ending June 30, 1921. The study is by Dr. William
Bowie, Chiéf of the Division of Geodosy, U. S. Coast and Geodetic
Survey, and is entitled, “The Yielding of the Earth’s Crust,” pp. 235-247.
The contribution is illustrated by diagrams which make it easy for the
layman to understand the rather complex theory of isostasy.)

It should be understood, of course, that not all geophysicists and
geologists agree as to the interpretation of the data at present available.
Even now nobody knows fur u certainty exactly what the conditious are
—or have been—in the depths of the earth’s crust. The consequence is,
as Jeffreys admits, “a change of state in the lower layer seems to admit
a great variety of hypotheses.” The successive rising and submerging
of Gondwanaland, or of any land bridge, must therefore be admitted as
a possibility from the viewpoint of geophysics and geology. Neverthe-
less, Jeffreys, with laudable caution, says, “I do not actively advocate
any of them” (the various hypotheses). But when we come to the
reason given for his precaution on the question of land bridges, we are
somewhat astonished. Not because the famous Cambridge scientist
explains that he is “not yet convianced of the cogency of the paleontolog-
ical evidence,” but because he clearly shows in the succeeding statement
that he does not know what the paleontological evidence is! Any col-
lege text-book. on geology would provide him with this evidence—
especially the Pirsson and Schuchert “Text-Book of Geology” (second
edition of Vol. II, 1924). So, “stepping out of character,” as the stage
folk say, Jeffreys tells us (not being well versed in paleontology) :
“The species concerned are plants and low animals, and it seems far
from impossible that spores, seeds, or eggs could have drifted across
[the oceans] on floating refuse.”

The idea of Jeffreys’ seems to be founded on a rather dim memory
of Darwin’s wonderful chapter on “Geographical Distribution” (Chapter
XI, “Origin of Species”), where he treats, in one passage, of what he
says may propetly be called “occasional means of distribution.” The
great British naturalist and experimenter then goes on to describe “a
few experiments” carried on “with Mr, Berkeley’s aid,” since it was not
at that time known “how far sceds could resist the injurious action of
sea-water.” Darwin took into account the known velocity of ocean
currents (derived from Johnston’s “Physical Atlas™), ranging from 33
ta 60 miles “per diem,” and the subsequent experiments of M. Martens
(which showed that 18,98 of his seeds floated for 42 days, “and were
then capable of germination”), and the part that might be played by
seeds Lrausputted by diift tinber, and by living Ditds, and tial seeds
could, in one way or another, be “blawn by gales to vast distances across
the ocean.” TIcebergs also, he found, could transport viable seeds.

But Darwin did not doubt, on the scant evidence available to him
on this point in 1859 (year of publication of “The Origin”), that land
bridges existed in ancient epochs connecting continental areas, He said:

No geologist will dispute that great mutations of level have occurred within
the perind of existing organisms. Edward Forbes insisted that all the islands in
the Atlantic must recently have been connected with Europe or Africa, and Europe
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likewise with America. Other authors have thus hypothetically bridged over every
ocean, and have united almost every island to some mainland. . . . This view cuts
the Gordian knot of the dispersal of the same species to the most distant points,
and removes many a difficulty,

Nevertheless, Darwin was not ready to accept the conclusion of
some other naturalists that “such enormais gengraphical change<” had
occurred “within the period of existing species.” But he freely admitted
that the available evidence pointed strongly to

the former existence of many islands, now buried beneath the sea, which may have
served as halting places for plants and many animals during their migration, In
the coral-producing oceans such sunken islands are now marked by rings of coral
or atolls standing over them. Whenever it is fully admitted, as I belicve it will
some day be, that each species has proceeded irom a single birthplace, and when
in thLe course of time we know something definite about the means of distributiog.

we shall be cnabled to speenilate with aecurrity an the former extension of the Iand

The data that were missing in 1859 have since largely been supplied
by the researches of workers in nearly all parts of the world. Were
Darwin living today, there can be little doubt that he would accept
Gondwana as a once-existent continent of vast extent, capable of ex-
plaining fully the distribution of animals and plants of long ago—at least
down to the beginning of Triassic time, and, quite probably, Jurassic.
“The species concerned are plants and low animals,” says Jeffreys. Isa
camel a “low animal”? Or a rhinoceros, or an clephant? Yect Jeffreyo
must know that members of the Camelidae (family) originated in North
America in the Tertiary (probably the Eocene period), and subsequently
migrated to South Amecrica and to Asia; and that, on the contrary, the
order Proboscidea (e. g., Moeritherium, Palaeomastodon, Tetrahelodon,
Tilephas) originated in Africa, and subsequently reached the New World,
as did also the family Rhinocerotidae, numerous branches and species of
which have been preserved in the Oligocene and Miocene periods (some
50 million years ago). Did they swim the Atlantic (along with innumer-
able other mwammalian families), or was there some sort of land bridge,
connecting, as must have heen the case, Europe, Africa, and Asia? Had
Darwin known, as we know today, of the many families and orders of
Africau, Asiatic, and European migrants o and away from Amwmerica
—apparently as late as Pleistocene time—he would doubtless have be-
lieved in land connections during the history of species, or at least of
genera, of his own day. Just what Jeffreys had in mind when speaking
of “low animals” only, as affecting the problem of land elevation or
subsidence it is difficult to conceive. However, Dr. Jeffreys is not a
paleontologist, and may well rest content with being une of the world's
greatest living geophysicists and cosmogonists. (See Little Blue Book
No. 1326, “Origin of the Solar System,” by Maynard Shipley.)
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CHAPTER IV
WEGENER’S THEORY OF DRIFIING CONTINENTS

NE of the very interesting hypotheses recently advanced to ac-
8y count for many known facts, including the geographical distri-
bution of plants and animals, is Praf. Alfred Wegener's theory
<3 of continental drift. While a full discussion of this hypothesis
would be out of place in this volume, a few explanatory remarks may
be appropriate trom the viewpoint of the evolutionist,

As long ago as 1910, F. B. Taylor, an American geologist, ashed
the question, “Are the continents adrift?” He seetned inclined to think
they were, but his argument in support of his views did not receive the
assent of his colleagues. But when, at about the same time, the same
interesting question was raised and answered by so eminent a scientist
as Professor Wegener, of the University of Gratz, Austria, his appar-
ently cogent treatment of the subject made many converts to his view
in Europe, and a few, at least, in the United States,

By 1925, three editions of Wegener’s “The Origin of Continents
and QOceans” had been issued in Germany, and in that vear it was trans-
lated into English by J. G. A. Skerl. According to Wegener, North
and South America, Furope, Africa, aud Asia ‘were once a single land
body. The most abundant constituent of the earth is silica (the stuff
that flint is made of); and, says Wegener, the continents are rigid
blocks, mostly of silica. These blocks (or continents) are now floating
like icebergs in a tideless sea of matter, composed targely of silica and
magnesia, Owing to the rotation of the earth on its axis, the continuous
mass split, and the rift that resulted became the Atlantic Ocean. The
time of occurrence of the rift was during the Mesozoic era, according
to Wegener, which he placed about 40,000,000 years ago—or about 200.-
000,000 years ago according to the geological tine cliart adopted in this
series of books (based on the uranium-lead-helium content of the various
strata of the earth’s crust).

As supporting evidence, among many other factors, Wegener claims
that the northeastern border of South America is shaped to {it fairly
accurately into tlic great re-entrant angle of western Africa. Moreover,

according to Wegener,

south of these two corresponding points, every projection on the Rrazilian side
corresponds to a similarly shaped bay in the African, and conversely each indenta-
tion in the Brazilian coast has a complementary protuberance on the African.

Furthermore, if North and South America were pushed eastward
against Europe and Africa, respectively, the Atlantic Ocean would be
very cffectively closed throughout.
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As the Americas drifted slowly tu the west, the Atlantic basin came
inte existence. To quote a very satisfactory review of the book, by
Dr. C. R. Longwell, of Yale University, which appeared in the Saturday
Review of Literature, at the time of its translation:

The movement of South America started first, in Cretaceous time, whereas
complete separation of North America cawe in a much later geologic period.
Greenland and Iceland have trailed behind the main continental base. Similarly,
Australia has been outstripped in the general westward-drift, and has in turn pulled
away from New Zealand. India, which formerly lay beside Madagascar, has moved
iar to the north and relatively eastward. Iurasia and Atrica have been crushed

together, crumpling the coast to form the Alps and other Mediterranean mountains.
The Andes and the North American Cordillera have been iolded up, due to re-
sistance encountered in the westward progress of the American continents.

Seeking tests for his “displacement theory,” Wegener finds that pre-Mesozoic
mountain chains with east-west trend correspond on opposite sides of the Atlantic.

For example, the Cape Mamtains of South Africa have a logical westward pro-
longation in a folded chain of the same age and trend near Bnenos Aires; and the
Appalachian structure lines, broken off abruptly in Nova Scotia and Newfoundland,
taalch exactly the Avmorican folds in Drittany and southern Ircland, . . .

Land masses consist essentially of light granitic material, sial (silicon and
aluminum), floating high in a substratum of heavier basaltic rock, sima (silicon
and magnesium). CUnder any comtinuous stress the sima is supposed to yield like
a viscous fluid. On the rotating earth, bodies that float above the general level are
subject to a small force acting toward the equator, and tidal attraction by the moon
and sun exerts a constant pull toward the west, Wegener believes these tiny
stregses, working steadily for geologic ages, are sufficient to cause slow continental
movements, although he admits frankly that they appear to be incapable of building
mountains like the Alps and Himalayas. He does not attempt to explain why some
continents drift faster than others, or why the Americas ever broke away from
Africa and Europe.

Wegener accounts for the Permian glaciation in several parts of the
southern hemisphere by changes in the polar axis with regard to the land,
South America, South Africa, part of India, and Australia being, he
supposes, united, meeting somewhere in the South Indian Ocean. “The
presence of a glacial flora in all these places at that time is then explained
by the ad hoc hypothesis that the south pole was near the junction”
(Jeffreys, Op. cit., pp. 330-38%). But Lake (Geographical Journal,
1923) points out that a similar glaciation took place at this time in
Northern Baluchistan, which, as Jeffreys remarks, would, on Wegener’s
hypothesis, have been practically on the equator; while C. E. P. Brooks
(“Climate through the Ages,” 1926) calls attention to the curious dis-
tribution of climate in North America at the time, which, says Jeffreys,
“s inexplicable on Wegener’s views, but is reconcilable with the earlier
geological ideas of land connections.”

The Wegener theory (or hypothesis?) gained the support of Pierrc
Termier, the distinguished Irench geologist and oceanographer. In an
address at the Insfitud vcéunoygraphique of Paris (published in the Reeue
Scientifique, May 10, 1924), Dr. Termier referred approvingly to the
enmiinent Austrian geophysicist “who uprooted the continents and com-
pared them to pontoons floating to a port,” or, “better still, to icebergs.”
He told his hearers at the Institut (founded by the generous and scien-
tifically-minded late Prince Albert I of Monaco) that, in his ‘opinion,
the chains of islands
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are comparable to the small icebergs which break off on the edges from the great
mountains of ice and remain behind, Leing more retarded in the intervening waters
on account of their small sizes. The islands form a group of stragglers behind a
continent which advances. Consider the insular areas oi castern Asia, the Aleutian
Islands, the peninsula of Kamchatka, Kurile, Sakhalin, Japan, Liu-Kiu, Formosa,
Philippines, and Borneo; are not these fragments of the Asiatic coast detached
nearly simuitaneously and showing, by their arrangement in garlands parallel to the
outlines of the shores, that they formerly belonged to them? And the chain
Sumatra, Java, Sumbawa, Flores, Timor, what is it, except a trincated extension
of this tail of Asia, the Malay Peninsula? The sections of the Asiatic tail follow
the general movement of Asia but with a slight retardation, What are the Antilles
if ‘not fragments large and small of Central America left behind, the little ones
more retarded than the large ones and formiug: a [lotilla whose center advances
less rapidly than its wings and which incurves thus to the form of a semicircle
open to the west? And what do we see at the southern extremity of South
America? The point of the continent twisted toward the cast, twisted at right
angles, then at Cape Horn, and in Staten Islaund abruptly broken; but a littde further
to the cast there are the remains of this point—South Georgia, South Shetland,
South Orkney, Sandwich Group, all one series of wreckage, outlining another
incurved flotilla whose left wius alinost Viuuc'mfs it ™ ani nf the r"\rliurl:'ti(', WEUC‘U
P)oint twists toward the east, as does the American point which faces it across
rake Strait. Does not this dispositicn in semicircles ot the twn points and of
the archipelagoes carusc one to vision the rupture of an old bridge which should
have joined the Antarctic to Scuthh America and which, being without doubt too
thin to resist the thrust of ‘the marine depths opposed to its drifting toward the
west, would have twisted its two abutments, and not being able to rest entirely
coherent after twisting, would have broken in disjointed groups of scattered masses?
Finally, let us consider Australia, Above is New Guinea, which scems to be
only a detached portion; ahove and to the right of New Guinea a.whole chain of
islands, which curve toward the south parallel to the Australian coast including
MNew Caledonia and farther Mew Zcaland., Dacs it nat scem +a vorr that this chain
of islands joins from the north of New Guinea to that of the Malay Archipelago
which I called, a minute ago, the truncated tail of Asia? The joining takes place
in the region of the Molluca and the Celehes, where the archipelagoes twist around
contusedly  But would not this twisting be due v thie advance from south to north
of the enormous mass of New Guinea-Australia? Weald not these sections of the
Asiatic tail formerly extending toward ithe southeast, as Sumatra, have been
deviated toward the north by the drifting of Australia?

In his delightful and beautifully illustrated popular book on geology,
“This Puzzling Planet” (1928), Iidwin Tenney Brewster sums up-the
evidence offcred in support of the theory of continental drift, and con-
cedes that the continents, consisting of relatively light rocks about 40
miles thick, may he attached to an nnderlving mass of erystallized hasalt,
frozen on to the under-side of the granitic crust, and in turn floating
on an uncrystallized basaltic glass, “very hot, but kept solid by the
enormous pressure of the forty-odd miles of rock over it” (p. 184).
He finds

not a little reason for thinking that the uniform width of the Atlantic and the
remarkable {it between its two sides is something more than an accident, [Be this
as it may, our modern plants] appeared so nearly at the same time on both sides
of the North Atlantic that it is not certainly known where they first arose. So
there must cither have been a long bridge, which is now hroken apart, from Europe
across to. America by way of Iceland and Greenland, or else North America and
Europe must have been one land-mass.

Brewster cites the very suggestive fact that the coal of Pennsylvania,
New England, and Nova Scotia is of the same age as that of the British
Tsles, France, Germany, and Spain, and “is altogether very much like
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it.”  On the other hand, “rocks of the Coal Petiod in Africa contain no
coal at all.” He feels that these facts point to a tune, the coal-forming
permd when there existed a single great coal-field “that has since cracked
apart.” He presents geological evidences to show that a continent once
lay where the North Atlantic now is (pp. 169-170), and adduces many
cxceedingly interesting points in support of Wegener’s bold hypothesis.

Dr. Jeffreys, on the other hand, contends that the several mechan-
ical forces suggested by Wegener to produce the postulated continental
r1m‘* are madequate. He says (Op, cit., p. 322) :

Tc make America move westwards with respect to the old World, as is re-
quired by the theory, a westerly force is required; the only one known is tidal
friction, which is an an average under 107 of the equatarial drift, and therefore at
the most favorable estimate would take 1017 years to produce the desired effect. To
produce the effect in 3 x 107 years we rcqulrc a westerly force 102 times as
potent as tidal frietion. But tidal friction is not an insignificant farce; it hae
altered the earth’s rate of rotation very considerably during its history, and prob-
ably during geologic time, It appears that such an cxternal force as the modified
theory would require would stop the earth’s rotation in a time of the order of
a year,

He attacks, also, the alleged fit of South. America in the angle of
Africa, a “fit” which s, in reality, a misfit of about 15°,

The coasts along the arms of the angle could not be brought within several
liundreds of kilometers of each other without distortion, The widths of the shallow
margins of the ocean near the continents lend no support to the idea that the forms
have been altered considerably by denudation and redeposition; and if the forms had
been altered by folding there would be great mountain ranges at a distance from
the angles with their axes pointing towards the angles, which is not the case.
(The Brazillan Heights are greatest near the angle, where the distortion required
is least.) Smnlar misfits are encountered in comparing North America with
Europe. [See P. Lake, Geological Magazine, 59, 338-346, 1922; Geographical
Journal, 61, 179- 187 19231 A petrological comparison of the regions alleged to
have been in contact leads to a further set of inconsistencies [as shown by H. S.
Washington, Journal of the Washington Academy of Science, 13, pp. 339-347, 19231,

But reference must be made to the assertion that the situation of the’ Rocky
Mountains and the Andes ; is what would be expected on the theory of continental
drift. On the contrary, it is one of the most definite pieces of evidence against it.
Either the materials nf the acean floor_aye stronger than those of the continents, or
they are weaker. If they are stronger they will not give way to let the continents
move through them; if they are weaker, the continents would advance, if at all,
without being fractured, and no mountains would be formed.

But I need not pursue this problem further here, as it must be taken
up again in connection with geographical distribution in Vol. VIII of
this series. ‘I'he reader who is especially interested in this fascinating
suhject may consult the symposium on “The Theory of Continental
Drift.” published by the American Association of Petroleum Geologists,
Tulsa, (g klahoma, to which fourteen of the world’s greatest geophysicists
and geologists have contributed, including Wegener, Schuchert, John
Toly, Edward W. Berry, and other equally eminent experts.
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CHAPTER V
THE EVOLUTION OF REPTILES

T the elnse of the Carboniferons era, when the Permian rocks
| were laid down as sediments on the Pennsylvanian, the far-
JaM reaching seas of the latter had withdrawn, a long period of
d land-elevation and aridity following. The Permian may be
considered as a transition period between the Palaecozoic and the Meso-
zoic. It is interesting to note that, in the eastern United btates, the plant
£ ol D 1 -1l T
remains o1 I.AAC ;cllllldll ALIUIC I.IU‘;CI..Y reseinoe A_ulUl)‘:dll 1ALILS Llld.ll
they resemble those of the underlying Pennsylvanian. Gonlélwana still
broadly connected South America with the Old World, including Aus-
tralia, New Guinea, Tasmania, and New Zealand. Siberia, Alaska,
Canada, Greenland, ,and Iceland formed a vast land connection with
Europe, Asia, and Africa.

Over large areas of the earth’s surfacé deserts existed in the Lower Permim,
as the ripple-marked and sun-cracked red sandstones and shale and the interbedded
salt and gvnsum testify. Central and western F'urnne Fngland, and western North

America are known to have been so affected (H. F. Cleland, “Geotogy: Physical
and Historical,” p. 477).

Reptiles now gained ascendancy over the prewously dommant am-
phibians, which have occupied a very subordinate place since the Triassic,
which followed the Permian period. Osborn says (Op. cit., pp. 184-
186) :

- The experiments of the Amphibia in adapting themselves to the Permian con-
tinents, with their relatively dry surfaces and seasonal water pools and lagoons, are
contemporaneous with the first terrestrial etperxments and adaptlve radlatxons of
the Reptilia, a group which was particularly favored in its origin by arid environ-
mental conditions. The result is the creation in Permian time of many cxternally
analogous or convergent groups of amphibians and reptiles which in external
appearance are difficult to distinguish. Yet as divergent from the primitive
salamander-like Amphibia, and clearly of another type; these pro-reptiles are dif-
ferent in the inner skeletal structure and in the anatomy of the skull; they are
exctusively air-breathing, primarily terrestrial in habit rather than terrestn-aquatm,
superior in their nervous reactions and in the development of all the sensory organs,
and have a more highly perfected cold-blooded circulatory system. Nevertheless,
the most ancient solid-headed reptilian skull type (Cotylosauria [amphibian-like
reptiles], Parexasauna [massive herbivorous reptiles] of Texas and South Africa,
respectively) is very similar to that of the solid-headed Amphibia (Stegocephalia)
[all leading back, as previously remarked, to the skull type of the fringe-finned
ganoids (Crossopterygia) 1.

Osborn further tells us that the primitive reptile Paranops, a lizard-
hke polycosaur, with a long tail and four limbs of equal proportions,
“represents more nearly than any known ancient reptile, apart from
certain special characters, a generalized prototype from which all the
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eighteen Orders of the Reptilia might have descended ; its structure could
well be ancestrzd to that of the lizards, the alligators, and the dinosaure.”
However, he does not attempt to determine “‘whether the primitive an-
cestors from which the various orders of reptilgs have descended belong
to a single, a double, or a multiple stock” (Op. cit., pp 186-187).

Williston was quite certain that the reptiles arose not later in geolog-
ical history rhan the Lower Carboniferous (Mississippian time), from a
generalized type which he called, provisionally, Protopoda, a form an-
cestral to hoth Amphibia and Reptlha “Both classes have advanced
since their divergence, the Amphibia some [sic], the Reptilia much.”
Some of the footprints of the Lower Carboniferous, he conjectured,
may be of this postulated transition from Protopoda.

Schuchert thinks it probable that the Reptilia arose earlier than
the carliest Pennsylvanian time,

for in the latter part of this period occurred not only true reptiles but also highiv
specialized forms., From the Pennsylvanian and older Permian of Texas, Okla-
homa, and New Mexxco, Williston and Case have made us acquainted with many
different kinds of primitive Amphibia, and associated with them is even a greater
and more complex society of primitive Rept1ha, animals that attained a maximum
length of eight feet (Op. cit., pp. 416-417

Prof. E. C. Case, of the University of Michigan, has made an ex-
haustive study of “The Permo-Carboniferous Red Beds of North Amer-
ica and their Vertehrabe Fauna” (Publications of the Carnegie Tustitu-
tion, No. 207), and of “The Environment of Vertebrate Life in the Late
Palaeozoic in North America: A Palaeographic Study” (Publications
of the Carnegie Institition, No. 283). In the latter monograph Dr.
Case has laid great emphasis on the meaning of the sediments and sedi-
mentary changes in terms of the causes which would affect the verte-
brate life of the time.

Although the first adequate collections of vertebrate fossils have been made
from the rocks of the upper half of the Pennsylvanian period, the description and
discussion of certain areas is begun from stages as early as the Allegheny in order
to trace the sequence of significant events,

The conclusion is reached that the “red-bed conditions,” under which the
vertebrate life had its main development, were initiated by a slow uplift of the
continent, beginning on the eastern side (where it is evidenced in places by true
glacial condmons) and progressing slowly toward the west. “Red-bed conditions”
are thus found to occur at successively hxgher levels from east to west, largely
independent of other depositional condxtlons Correlation of the environmental
conditions grouped under the caption “red-bed conditions” is accomplished by the
recognition of distinct characters which are the direct result of an advancing wave
of climatic change and such cunditions are recognized as a distinct environmental
unit, independent nf, and in many cases distinet from, strahgraphlc (time) units,
which compelled the existence of a distinct and uniform type of life. ’

From the studies of Case, R. L. Moodie, and other eminent investi-
gators, it is not certain that the Permian reptiles of North America were
descendants from the African forms, arriving here as immigrants, though
they had some 20,000,000 years in which to make the journey! But any
other hypothesis mlght perhaps, raise more difficulties than it would
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solve. At all events, it is in South Africa that the development of mam-
mal-like reptiles is in full evidence. .Here we come ta grip with facts, not
theories only—though there are no theories not based upon observed
facts, in science. A theory may, however, be well founded so far as the
facts are known, but become untenable in the light of fresh and highly
important additional knowledge. Inferences based upon admittedly in-
adequate data are not properly termed “theories,” but “hypotheses.” The
lattcr may risc to the dignity of theories by the accumulation and correct
interpretation of new and accordant discoveries. We are fully justified
by the abundant facts now at hand in the rational conclusion that mam-
mals descended from some such tvpe of mammal-like reptiles as have
been found in the rotks of South Africa.

The discovery of pro-mammalian types of reptiles (eynodont, therio-
dont) in South Africa, with a number of mammalian features, has com-
pletely upset the vlder theory, based eutirely upon auatomy, that the
Mammalia arose directly from the amphibians—a view adopted, among
other famous scientists, by Huxley, Perrier, LeConte, and Prof. J. M.
Macfarlane, of the University of Pennsylvania (who still adheres to this
view,,, ):md ably defends it in his “Causes and Course af Organic Evolu-
tion.

In his Presidential Address delivered before the Paleontological
Socicty, December 29, 1928 (Dulletin of the Geological Society of Awer-
ica, Vol. 34, September 30, 1923), Prof. William Diller Matthew, then
curator-in-chief, Division I, of the American Museum of Natural His-
tury (nuw at the University of California), stated some facts which
should be of particular value to readers of the older writers on evolution.

He remarked, in effect, that much of the older research in verle-
brate paleontology was by men who were primarily comparative anato-
mists rather than geologists. This was partly due to the circumstance that
the fossils known to them were relatively few and more often than not,
fragmentary. Their preoccupation with comparative osteology, necessary
as such study was—and still is, for that matter—led to a tendency to over-
emphacize the anatomist’s viewpoint, hence to attach tan much vahie o
the study of the evolution of structures, and not enough to investigation
of the actual sequence in time of the animals themselves. More careful
ctratigraphic studies have enabled our more modern experts to define
horizons, and faunal zones, in much more precise and nearly correct de-
tail. With the far larger collections of today, about 90 percent of which
is the product of the past 85 years of research, the records are quite ade-
quate to trace in many cases the cvolution of species and not merely of
structures,

The earlier writers on evolution did not attempt this. Gaudry and Haeckel,
Rutimeyer and Kowalewsky, Huxley and Cope, demonstrated from the paleon-
tological record the evolution of structure. Tlepéret and Schlosser, Osborn and
Scott, and many others have perceived and pointed out this weakness in our evidence
and have attempted to trace the true phyla,

Emphasis is now placed on the veritable records of the phyletic his-
tory of races of animals. Prof. Thomas Hunt Morgan’s strictures on
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paleontological evolution, in which he declared that paleontologists had
no business to reason on or draw conclusions irom their specimens (in
his work of 1916, “A Critique of the Theory of Evolution,” pp. 24-27),
are no longer justified—if they ever were. IHowever, they were aimed
solely at the old methods, and are not applicable to the work of today in
this broad field of labor.

Here, to illustratc thc closeness of (he primitive mammals to rep-
tiles, should be mentioned Tritylodon longoevus, whose skull, from the
Triassic of South Africa, was originally described by Owen and classed
by him as belonging to a theromorphuus (mammal-like) reptile, and
which was carefully studied anew by Dr. Branislaw Petronievics, and
classed by him as “the most primitive of known mammals.” This fossil,
he contends, affords “direct proof that the mammals have their origin
in reptiles” (Ann. end Mag. Nat. Hist,, pp. 67-69, 1918). Its mammalian
characters, hc insists, arc beyond dispute, and “it can no longer be re-
garded as a theromoi plous reptile.” (This now famous skull is preserved
in the Museum of Practical Geology in London.)

The late Prof. S. W. Willistan, of the University of Chicago, gave
it as his matured judgment that

The change from amphibians to reptiles was gradual, and we know so many
connecting links between the two classes that it is sometimes hard to decide to which
class some of them belong. The reptiles began as small creatures, descended from
the lless.gpccializtd amphibians lvng belure the latter had reached the zenith of their
cvolution,

(Williston produced numerous contributions on this phase of our
subject, mostly w be found in The Journal of Geology, 1908 (o 1918, See,
also, his book of 1911, “American Permian Vertebrates,” and “The Os-
teology of the Reptiles,” 1925.)

In the character of the vertebrae (amphicoelous), which are hollow
at both ends, and in some cases only partly connected with hone, the
Theromorpha (mammal-like reptiles) connect with amphibians; while in
the limbs and especially the teeth of certain genera, e. g., the Cynagnathus
(Order Therapeida=Theromorpha) of the Triassic, with their dog-like
teeth, including incisors, canines, and molars, they lead unnistakably to
the mammals. The dentition of some species, e. g., Inostranservia, Scym-
nognathus, reminds us strongly of the dog, or even of the saber-tooth
tiger. The tuberculation of the molars characteristic of mammals had
already commenced. However, the adjustment of the lower jaw is typ-
ically saurian in nearly all the Theromorpha, and it is probable that the
ancestral transition form will be found in a more runwte group, more
nearly resembling the present-day amphibian newts, with a lower jaw
so generalized that it might develop in the style of a genuine reptile or
into the other extreme of the genuine manunal.

But we shall see that Broom has solved this problem for Cynogna-
thus.

Prof. Richard Swann Lull, of Yale University, in his “Organic Evo-
lution,” says:
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Structurally the cynodonts bridge the gap between reptiles and mammals be-
cause, while the dentary, the single bone of the mammalian lower jaw, is large and
important, the jaw is nevertheless complex in that it_possesses the several bones
typical of the reptile,

Two decades ago, anatomists found great difficulty in accounting
for the squamosal-dentary joint of mammals; i. e, how the quadra-
articular joint of reptiles gave rise to the structure of the jaw peculiar
to mammals. This problem was solved by Dr. Robert Broom, then pro-
fessor of geology and zoology at Victoria College, Stallenbosch, South
Africa, in 1912, He showed that in one (Cynognathus) of the many
mammal-like reptiles whose fossil remains have been found in the shales
(Karoo formation) of South Africa, a considerable part of the articular
surface of the single bone (in mammals) which forms the lower jaw, or
dentary, is formed by the squamosal, and that the posterior end of the
dentary merely takes part in the joint. The dentary develops an upris-

ing “coroncid process” which touches the squamneal, and sa talec an
the function of articulating the lower onto the upper jaw. Broom pointed
out that as the direct articulation of the dentary on the squamosal became
more firmly established the quadrate, articular, and angular, present in
all lower forms, fell into disuse, degenerated, and might have been lost
had not the attachment of the stapes (stirrup) to the quadrate compelled
them to take on an auditory function, the quadrate becoming the incus,
as can be shown by the embryological development; the articular becom-
ing the malleus; and the angular becoming the tympanic bone (or mem-
brane)  all parte of the ear (R. Rroom, “Mammalian Auditary Oe-
sicles,” Proceedings of the Zoological Society, 1912). Professor C. Tate
Reagan, of the Natural Historv Museum, London, states emphatically
that “the vexed question of the homology of the mammalian aunditory
ossicles may be regarded as scttled, palcontology cbnfirming the con-

clusions derived from cmbryology.”

Tt is indecd, as Prof. G. R. deBeer remarks, “a striking fact that the
mammalian ear is assaciated with bones which in the ancestors served
to form the articulation between the upper and lawer jaws.” However,

as he remarks further (“Vertehrate Zoology,” pp. 208-209)

The remarkable change of function which thece bonae have undergnne ic

less remarkable than would appear at first sight, for their essential feature is that
they remain articulated to nne another, and so are able to transmit the vibrations of
sound. The columella auris [a slender rod which connects the car-drum or tympanic
membrane with the fenestra ovalis. a small opening between the tympanum and the
internal ear or vestihula, in the side of the auditory cupsule] is pierced by an artery
and resembles the stapes in certain lizards and Gymnophiona [Apoda or Caecilians
—limbless Amphibial, and in the latter group of animals it may be connected with
the quadrata. There is therefore no radical innovation in the fact that the incus
articulates with the stapes. . . . The most remarkahle feature of this change is
the fact that it was effected without functional discontinuity.

We must pass now to a kind of modification which is still more re-
markable—involving a much greater change of function in its uitimate
development in the Mammalia. I refer to the pineal eyes that were to
evolve into so important a “ductless gland” in Man, serving not at all
as a visual organ.
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Attention was called to the pineal and parapineal eyes in the roof of
the brain of the Petromyzon (lunprey). In the Reptilia these eyes, as
such, no longer exist. But in Sphenodon and the Stegocephalian Am-
phibia a small orifice through the bone over the brain still persists, In
the Reptilia the skull aperture is closed, and the transformation to the
pineal gland of mammals was well on its way. Today, it has an entirely
new physiolngical function prohably affecting sexual development.

It was in Petromyzon that we first met with a “pair of pockets”
ventral*to the nasal cavities, and originally formed from them. Each
opens into the mouth cavity a little way in front of the internal nostrils
(choanae), and they are known as Jacobson’s organ. There is reason
to infer that they are used to smell food in the mouth, but their function
is not yet certainly known. “In the snakes they are very highly de-
veloped, and the tips of the forked tongue enter their openings in the
root of the mouth” (deBeers). Tn some forms, including man, Tacah-
son’s organ disappears. Broom has shown (“Organ of Jacobson in the
Insectivora,” Proceedings ¢f the Zoological Society, 1915) that changes
11 habit bring about marked alterations in teeth, bones. and manv viscera.
But the delicate little cartilages in the nose are usually so little affected
hy change in habits that

We find almost the same type of structure in forms so dissimilar as the shecp,
cat, hedgehog, bat, and lemur [ali, of course, mammalsl. And as the arrangement
is an extremely complicated one we seem justified in assuming that the similarity
iudivates affinity and common origin of these types, rather than independent devel-
opments of this remarkable structure,

It is wotthy of note that whereas the fauna of the Soutli African
Permian—where we find the initial stages in the evolution of dinosaurs,
birds, and mammals—is largely that of an arid region, the Texas Per-
mian is that of a fluviatile—river-delta—or littoral—heach~—facies ( from
the Latin, meaning face, hence, general aspect, and in biology, the gen-
eral aspect or habit of a species or group of species). It should be under-
stood, Tiowever, hat mwud yet remaius o be learved abour Permian in-
vertebrates. So far as | can learn, the Dvina River, in Poland, for ex-
ample—a series of desert o plains faunas—has not been exploited since
the work of Amalitzky, a quarter of a century £go: nar has anything
of importance, apparently, heen added to Fritsch’s pioneer work in Bo-
hemia, in a small, but perhaps rich, former swamp.

As for the Triassic Deriod, the least known chapter, so far as rep-
tiles are concerned, at least, is America. Professor Matthew said in 1922
—and this appears still to hold good, according to the records at my
command : “What little has been accomplished in this direction is due to
the energetic prospecting of Dr. Case. and contains promising prospect
for the future as well as a few but very interesting additions to the
Triassic faunae.”.

In Europe, however, some very important discoveries have been
made, especially in Germany, but these do not closely concern us in this
story. '

Osborn raises and answers the very natural question as to why the
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dog-like or beast-like reptiles (gorganopsians) of the Karoo series of
South Africa (Y500 feet of strata, consisting of shales and sandstones,
“chiefly of river flood-plain and delta origin, ranging in time from the
basal Permian into Upper Triassic’”) were so highly favored as to become
the potential ancestors of the mammals, The first reason he gives is that
these reptiles were no longer weak and short of limb, but had developed
strong limbs, raising them well above the ground, and were capable of
rapid movements. ‘This increased migratory ability, he thinks, was as-
sociated with increasing intelligence, Morcover, he notes how their teeth
had varied in different directions, giving them the power to nfasticate
various kinds of food, which naturaﬁv “leads to development and diver-
sity of the powers of observation and choice.” Ordinary reptiles are, on
the contrary, distinguished by a remarkable arrest of development of the

teeth, In his “Evolution of Mammalian Teeth” (1907) and “The Age
of Mammals” /1()1(3\ and in “The nrm'ln and Evolution of Life,” Dr.

Osborn has shown how the rapid specxahzatlon of the teeth has been one
of the chief factors in the history of mammals.

Of greater importance in its influence on the brain evolution of the early
pro-mammalian forms is the internal temperature change, whereby a cold-blooded,
scaly reptile is transformed into a warm-blooded mammal through a change which
produced the four-chambered heart and complete separation of the arterial and
venous circulation. This change may have been initiated in some of the cynodonts.
This new constant and higher temperature favors the nervous evolution of the
mammals but has no influence whatever upon the mechanical evolution. . . . Nor
does increasing intelligence . . . favor mechanical perfection. Qut of the total of
elghteen reptilian branches only five were destined to survive into Tertary time,
namely, the orders which include the existing turtle, tuateras, hzards, snakes, and
crocodiles. . . . By methods first clearly enunciated by Huxley in 1880 several of
the ideal wertebrate prototypes have been theoretically reconstructed, and in more
than one instance discovery has confirmed these hypothetical reconstructions
{"Origin and Evolution of Life,” pp. 192-194).
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CHAPTER VI
“LIVING FOSSILS"

=Y SBORN referred in the above patagraph to the tuateras. By
{ a happy circumstance, a' representative of this very ancient
order of amphibian-like reptiles still survives in New Zealand

> A (Sphonodon [Hatteria] punctatum). It is the most gencralized
of all living reptiles.’ Its entire structure remains so primitive that it
represents a striking illustration of the transition form from amphibian
to reptile, As William Bolsche well puts it, this creature combines
“the newt aud the present-day lizard in an almost ueutral shape.” Gadow
speaks of this surviving form as “the last living witness of bygone ages,”
a “living fossil.” However, although it cannot be denied that the tuatera
(the name given it by the Maoris of New Zecaland) is, as Gadow says,
an “almost ideally generalized type of reptile,” Williston finds in the
fogsil Palaeohatteria a more nearly connecting link between amphibians
and reptiles. Moreover, this great authority asserts that some of our
modern lizards are even more primitive in structure than is the genus
Sphenodon, though the tuatera is decidedly primitive in some features,
especially in the skeletal structure of both limbs and girdles, and in the
absence of a penis.

Splenvdun is a spedies, gouus, fawily, aud vider all by iesetf. Itis
a reptile, but it is neither crocodile, lizard, snake, nor turtle. But, loosely
speaking, it is more of a lizard than anything clse. Among other very
primitive features in Sphenodon is its surviving “third eye,” or pineal
organ, which is less degenerate in this than in any other living animal—
not excepting Petromyzon, which has two pineal organs, whereas Spheno-
dun lias ouly oue, represeuting either the right or the left organ. The
organ has lost its function as a true eye, but is still seusitive to light.
Tu all well-preserved stegocephalian skulls (Palaeozoic Amphibia), a
single small orifice through the roof bones over the brain is to be seen,
representing the pineal eye. The rudiments of this eye are present in
the brain of all living vertebrates, including man. Its ancestry can bhe
traced back at least to Pennsylvanian time.

Why has Sphenodon outlived the dinosaur and many other pre-
historic creatures which first appeared on the earth long after it? Why
has it not changed or at least a(ﬁlpted itself, as have other old forms of
life still extant? Dr. G. Kingsley Noble, Curator of Herpetology of
the American Muscum of Natural History, says on this point:

Spherodon still lives on Karewa because the conditions of life on that island
are about the same today as they were eight million years ago. He hasn’t changed
in all these years because he hasn’t had to change,

Sphenodon exists today where he does simply because he is unchangeable. Life
has to adapt itself to conditions. When conditions change, life adapts itself or
perishes. That is what happened to the dinosaur.
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He iwed and flourished for millions of years. The conditions changed and he
didn't, He died. No doubt Sphenodon died too, in other parts of the earth. We
bave seen him die on the larger islands of New Zealand. e wouldn’t exist today
on Karewa if it had changed much.

This is one of the reasons why New Zealand is even more inter-
esting than Australia to the naturalist. It contains traces of forms of
lifec not found clsewhere, the living forms themsclves, 'mainly because it
has not changed until quite rccently. For example, until recent times
Sphenodon had no competition with predatory animals. The greatest
cnemies of all the prehistoric reptiles were mammals, who first evolved,
millions of years ago, as small, rat-like creatures. The record of the
rocks shows that there were no mammals in Néw Zealand until approxi-
mately a thousand years ago—a mere moment in the history of the world.
The first mammals in New Zealand were men, and rats which the men
brought with them. Nor has the vegetable life of the island of Karewa
changed gieady frum that o which Sphenvdun was accustuinied, Tho
grcat ferns and vines and thorny scrub are still there.

The Maaris have lang considered the flesh of the tuatera a great
delicacy, and have all but exterminated this interesting creature. Now,
howevcer, the New Zealand government has taken steps to protect it
against extinction. It is feared, however, that the government has
intervened too late, for as long ago as 1882 the creatures were very rare.

At one time, scientists believe, Sphenodon flourished all over New
Zealand, Dut it has disappeared from the two main islands, and of
late years has been found only on a group of rocky islands, none more
than six acres in extent, in the Bay of Plenty on the east side of the
North Istand. Today thev are found only on Karewa, and only one man
there kuows where (o find them.

The late Dr. Frederic A. Lucas wrote a very interesting account of
the discovery and capture of several tuateras. It is contained in the
Natural Science Bulletin, issued in 1882 by H. A. Ward, and written
Ly a member of a stientific expedition in New Zealand.

Sphenodon is from nine to twelve inches long. The female lays her
cggs in the sand and the male fertilizes them. The sun hatches them,
but it takes a year o1 more. Oue egy at o time, and peihaps @ dozen in
a lifetime, are all the Sphenodon lays.

While it is true that the generalized reptiles of the late Permian
and carly Triassic periods gave rise to primitive mammals, some 100
millions of years were to come and go before the “Age of Mammals”
would be reached. The imagination o1 man staggers belore these tigutes
if an effort is made to think of them in terms of even hundreds of
thousands of vears. During this inconceivable length of time the first
Sierra Nevadx \lount’vnw, although formed in the latter half of the era
(the Jurassic), after being raised to a great height, were slowly eroded
and {inally washed to the sea. During c¢ven the last fourth of the era
(Upper Cretacecus), 24,000 feet of sediments—almost five miles in
depth—were washed away and deposited in the seas. On the eastern
coast the Appalachian Mountains, which had been raised during the
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closing years of the Palaeozoic, were now reduced and worn to a pene-
plain, worn down to a base level, as was the western range. On the
other hand, it was during this long period that the Rocky Mountains of
Canada and the United States had their birth. In Utah the Wasatch and
Uinta Mountains, and in British Columbia the Gold Range, were raised.
During this long petiod a number of land teptiles had taken to the sea.
lost their fingers and toes, the forelegs being transformed to paddles
and the hind limbs reduced and outwardly scarcely visible, as in the
Ichthyosaurs. Strange to say, even a median and tail {ins, similar to
those of the sharks, were evolved. The time came when even a seasonal
return to the land to deposit their eggs was abandoned. Says Osborn,
on this point:

A climax of imitation of the dolphins and of certa’n of the sharks is reaciied
in the development of the power of viviparity, the growth of the young within the
body cavity of the mother, resulting in the voung ichthyosaurs being born in the
water fully formed and able to take care of themselves immediately atter birth
like the young modern whales and dolphine. . . . Sn far A8 we know this vivi-
parous habit was never developed among the seafaring turtles, which always return
to shorc to deposit their cggs.

During the Upper Cretaceous, great sea lizards (Order Mosasauria
—taking its name from the River Meuse), some of which ( Tylosaurusﬁ
were 35 feet or more in length, swarmed the Atlantic and Gulf coasts
and the interior seas east of the Rockies. They were capable of making
a meal uf the giaot Porthens, a predaceons Tish some Tifteen feel in
length. Monster turtles, twelve to fourteen feet long {(Archelon), with
feet modified to form “flippers,” then luxuriated in the warm waters
which covered what is now western Kausas,  I0 was in the Cretuceous
chalk beds of this region that I’rofessors Marsh, Cope, and others made
their epochal discoveries. Land turtles were as vet unknown. In the
air (of the Jurassic) were the pterosaurs (flying lizards). some as smiall
as sparrows, others large, one species being the largest flying creature
that ever lived, measuring over twenty feet from tip to tip of the wings.
The pterosaurs are related to birds only in that both are derived from
a common reptilian ancestot.

In the same seas that rolled over western Kansas swam the great
toothed diving bird Hesperornis regalis. But this is to anticipate our
study of the origin of birds from reptiles.

Long before the continental invasion of the Cretaceous Sea of Upper
Mesozoic times, a wide expanse of water which united the Gulf of
Mexico with the Arctic Ocean, a branch of the terrestrial saurians, the
Dinosaurs, or “terrible lizards,” had spread over North America {rom
the Valley of the Connecticut to what is now the Rocky Mountain regjon.
At that {ar-off time the Rocky Mountains were unhorn, and what are
now arid plains were then areas of luxuriant vegetation, abounding in
lakes, rivers, and marshes, stretching from New Mexico to Montana.
Before the close of the Mesozoic era, the bipedal Dinosaurs and the
gigantic Sauropoda (unarmored quadrupeds) had spread to all the
continents of the world, even to Argentina, eastern Africa, Austrelia
and New Zealand.
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It was in 1802 that we gained our first knowledge of America’s
“first family” of reptiles, whose fossil footprints were plowed up by
farmer Phny Moody, in the Valley of the Connect1cut They were im-
printed in what is now known as the “brown stone,” once the mud of
a long, narrow estuary running southward from Turner’s Falls, Massa-
chusetts. They were “small footprints, and might have been made by a
saurian no larger than a common fowl. Indeed, being three-toed tracks,

“they were 1nterpreted even by Prof, E. Hitcheock {*lchnology of New
England”) as 1mpressmns of bird’s feet, and were popularly called “the
tracks of Noah’s raven.” But in 1836, the year in which Professor
Hitchcock first explored these ancient "mud flats, Dr. James Deane
published a monograph on the qub]ect ( “Ichnogr'lphs from the Sand-
stone of the Connecticut River”) in which it was suggested that the
tracks might not have been made by birds. 189G, Prof. (). C. Marsh
pub]zshed his now famous Repott on “The Dmosaurs of North Amer-

ica”: and in 1915 Professor Lull made mﬂ'\hr\ the results of
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study of the region.

The Dinosaurs, like the Marsupials of Australia, evolved every
variety of form and size in their several adaptations, ranging from the
small bipedal saurians of the Connecticut Valley in Triassic time to the
ponderous Tyrannosaurus rcx of the Upper Cretaceous of Montana, an
adaptive radiation which carried them over the entire northern hemi-
sphere, a large part of the southern hemisphere, and through a period
of time as great as 150,000,000 yéars. During this period we note how
the Anchisarirus of the Connecticut Valley, tirst described by Marsh,
develops into the more powerful Allosaurus type of the Jurassic (Morri-
son) flood-plains of Wyoming and Colorado. A gradual improvement
in the teeth for the tearing of flesh, and a development from ordinary
claws to great talons is noticeable. Both the relatively small hands and
the teeth grew in prehensile power, even the hind feet being “adapted to
seizing and rapidly overcoming a struggling powerful prey” (Osborn).
Tyrannosaurus was 47 feet long, stood 19 feet high, and possessed a
terrible set of teeth which projected by the hundreds, from two to six
inches from the jaw. Its biting power was 250 times that of the largest
man-eating tiger, and 20,000 times that of an average man. Man’s
hiting power is equivalent to ten pounds and that of Tyrennoseurus
would therefore be 200,000 pounds Like other Dinosaurs, the bones
of Tyrannosaurus were pneumatic (hollow), and its hind legs were
adapted to rapid motion. In speed, size, power, and ferocity, this verita-
ble king of the saurians was, as Osborn well says, “the most destructive
life engine which has ever evolved.”

The recent discovery of a large species of anthropoid ape in the
untrodden forests in the neighborhood of the Terra River, an aflluent
of the Rio Catatumbo, in the Motilones districts of Venezuela and
Colombia, by the well known explorer, Francis de Loys, D.Sc., F.G.S.
(see The INustrated London News, June 15, 1929, where phorowraphs
of this strange female ape are 1eproduced\——a description of which will
be given in the next volume of this series—reminds one of the story
brought back from the Belgian Congo, in 1913, by Captains Capelle and
T.epage, two Belgian naturalists. They claimed to have seen a live
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Brontosaurus (thunder lizard) in Central Africa, or at least a reptile
recembling thic gigantic creaturec; and they brought home what was
represented as a photograph of the footprints of the great sauropod.
These footprints were four feet in diameter, and the animal appeared
to weigh about forty tons.

The explorers got, so they reported, but one glimpse of its twenty-
foot neck and forty-foot tail, the body being partly snhmerged in wate:.
Its “wicked, snake-like head was gemmed with two large, saucer-like,
phosphorescent eyes.” No teeth were visible, hut the creatiire may
have had poisonous fangs, like so many other reptiles.  If the beast was
really thus seen for an instant, half hidden m a subterrancan cave-lake,
and was accurately described, it may possibly be the descendant of an
enormous lizard-like creature which was previously supposed to have
become extinet nearly 200 million years ago. After what has been said
of the Sphenodon, it need not surprise us 1f some Mesozoic teptile were
still swimming in the depths of African jungles.

The World War interrupted the explorations which Capefle and
Lepage were conducting for the Belgian government; and these intrepid
naturalists have not yet, so far as | know, secured the necessary financial
backing to return to the scene of their very remarkable adventure. But,
inspired by the hope of securing at least the hide and bones of a con-
temnorary Brontosaurus, several other naturalists were reported to have
set out for equatorial Africa in search of a specimen of this reputed
“living fussil.” . It is significant that the Smithsonian Institution fioanced
an African expedition, under the direction of Iidward Heller, who so
successfully led the Roosevelt hunting party some years ago. A press
dispatch, dated in London in 1913, stated that the Smithsonian Institu-
tion had offered five million dollars for a specimen of the colossal
lizard. As a matter of fact, no such fund has been provided for this
special purpose. However, soon after the report of the living Dinosaur
was made, Captain Leslie Stephens, backed by British capitalists, left
l.ondon for the Belgian Congo in an independent attempt to reach the
retreat of the reputed Brontosaurus before any American hunters conld
get to the region. There are other rare animals, moreover, in equatorial
Africa, whose tracks have been observed, but specimens of which have
never heen secured ; and these various expeditions ar like ones may some
day bring to light many surprising discoveries, apart from the supreme
interest attaching to the question of the survival of a Mesozoic Dinosaur.
(There have alsa been explarers’ tales of the finding af extant Dino-
caurs in South America; but they are not well enough authenticated to
detail.) ’

Now, this monstrous creature, possibly larger than any other living
animal, more gigantic even than the hugest of whales, is (if it exists),
in all probability a near relative of the shy little lizard, so common in
nearly all parts of North America. ‘l'o find this connection, we must
take a journey millions of years back into the past, to the very dawn
of the “Age of Reptiles”.

During the earlier stages of the “Age of Reptiles,” when the great
Appalachian mountain chain, now reaching from New England to Ala-
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bama, was but a series of low, rolling hills, there lived a long-tailed,
lizard-like reptile to which scientists have given the generic name Var-
anops. Varanops was much like the monitor lizard (Varianus niloptius),
now abundant in Egypt, which the natives never kill because it eats the
eggs of the crocodile. While we do not yet know, as Osborn observes,
the actual generalized ancestor, or ancestors, of the eighteen original and
the four surviving Orders of reptiles, Varanops represents a primitive
type from which all the later and highly specialized types, including the
Dinosaurs, might well have been derived.” Among the ancient orders oi
Mesozoic times were the giant sauropods, herbivorous quadrupedal
Dinosaurs, to which the ancient Brontosaurus belonged—and of which
the mysterious beast of the Belgian Congo may conceivably be a sur-
viving representative,

Having: traced, through Varanops and its successors, the cousinship
Af tho Renmbncnisrita 40 tha livarde and chamnlanne orila manctarn cnal-aa
UL Lo ULU‘L(UJS‘&(I “Ua v ‘J.l\,. L1Lr ) a{lu Lllalllblbuild) g LICL lll(fll:’LLl D Jllal\bd,
turtles, crocodiles, and alligators. of today, another surprising fact pre-
sents itself. The ancient Brontosaurus of Africa probably had American

ancestors.

Already, in Permian times, and more especially in the Triassic
period which followed, hundreds of species of highly developed reptiles
were, as previously stated, abundant both in Africa and in the Americas;
and it is possible that this continent may have been the home of the
Perma-Triassic ancestnrs of the Rrontnsairrns-like creatures of Africa,
instead of the reverse—though the Karoo formations, of Cape Colony,
have gained the support of most experts as the original home of the
great reptiles. But (and here is the important point) what appear to
e more primitive Dinosaur fossils—a petrified footprint is a “fossil”—
have been found in North America, as we have seen—notably in the
ancient mud-flats of Connecticut.

Professor Lull finds in some of the Triassic footprints of New
Fngland the beginnings of an herbivorous offshoot of the primitive car-
nivorous Dinosaur stock, leading from bird like bipedal lizards to the
broad-footed, quadrupedal type of vegetable-eating Dinosaurs known
as the Sauropoda.

The earliest Dinosaurs had developed strong hind legs at the ex-
pense of the fore-limbs, and walked exclusively on these greatly enlarged
hind-limbs, as is evidenced by their foot-prints. Only occasionally did
they leave imprints of the small, sharp fore-claws. The newer. and
heavier type (sauropods), adopting a vegetable diet, and subsisting on
the stcenlent vegetation of the lagoons, lakes, and marshes, gradually lost
their sharp, typically reptile teeth, and developed strong, slow-moving
clephantine legs, made necessary by their increasingly ponderous bulk.

But this does not mean that the power of raising the body on the
hind-limbs, for the purpose of reaching leaves otherwise out of reach,
had been whdlly lost. The long, heavy tail served to balance and sup-
port them in more or less of a sitting posture, thus enabling them, at the
climax of their development, to reach foliage over thirty feet above
ground. And these great creatures needed abundant food to nourish
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bodies of from thirty to forty tons!- Even a modern five-ton circus
clephant is fed 100 pounds of hay and 25 puunds of grain daily, and
sull reaches out its proboscis for peanuts and more peanuts, The
Brontosaurus had but to lift its head to feed on esculent leaves twenty
feet above it, while its huge body floated lazily in the water.

One sauropod (Platcosaurusy has been discovered in Germany
which typifies a sort of halfway station between the older carnivorous
Dincsaurs of bipedal habit and the later quadrupedal herbivorous Sauro-
pods.  Several interesting stages are still undiscovered, but may at any
time be found, as there can be little doubt of their existence in rock
strata somewhere.

While the early forms of the Sauropoda, or Brontosaurus-like ani-
mals, abounded in Connecticut, these unarmored and comparatively gentle
saurians finally made their way to the flood- plains of a long stretch of

ST IETI ) ot of < H tha Raclevy Mauntaing thae 111 csnharn
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Defore vertical movement and coutinual 1I01'1£Ulld.1 folding of the earth's
crust had thrown up a mountain-chain, this region was a valley with a
cEmate comparable, perhaps, to that of Central Africa today. The flood-
walers were iouglt duwn from the mountains of the so-called Great
Basin, to irrigate the meadows and lowlands of Wyoming and Colorado.
Here, and in part of what we now call South Dakota, lived species of
the largest animal yet known to man. Some of these creatures measured
at least a hundred feet, ten feet longer than the largest whales.

The wonderful Brontosaurus skeleton to be seen in the American
Museum of Natural History, in New York, is only 67 feet long. But
some of its tail vertebrae were missing when it was assembled, the in-
clusion of which now would bring it to 87 feet; and there is no reasnn
to suppose that this particular specimen was anywhere near the largest
known in its locality.

Tor instance when, some years ago, a “thunder lizard” was found
in East Africa that must have been, when alive, a hundred feet, long,
Dr. Osborn gave it as his opinion that this reptile, Gigantisqurus (similar
to the American Brachiosuurus, a species closely related to the Bron-
fosaurus) ‘“‘described as the largest land-living vértebrate . . . does
not exceed in size the sauropods discovered in the Black Hills of South
Dakola.”

In Colorado and Wyoming dwelt also the less ponderous Diplodocus,
a specimen of which is now on exhibition in the Carnegie Museum in
Pittshurgh. This sauropod grew to-a length of 80 feet or more, and
rose 1o a height which would make the famous African clephant “Jumbo”
iook ‘ike a small animal. DBut it was less bulky and lighter on its feet
than the Brontosaurus, much as a greyhound sight compare with a
Newfoundland dog. It may be remarked here that Lepage and Capelle
claimed to have found, besides the footprints of the mighty creature they
reported seeing in the subterranean lake, smaller footprints also. These
nught possibly be the imprints of a young Brontosaurus—assuming that
the whole story is not imaginary.

Fossil Sauropods have been found not only in Africa and North
America, but also in Patagonia ‘in South America, and in Great Britain
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and southern IFrance in Europe. Interesting also is the discovery by
Dr. Roy Chapman Andrews of fossil Dinosaur eggs in the Gobi Desert,
Mongolia. They all became extinct, however, so far as is actually
known, before the “Age of Mammals.” The North American types died
out even earlier, before the latter half of the Cretaceous (Age of Chalk)
—at least 175,000,000 years ago.

The question is: How could the American sauropods reach Africa,
if they originated in this country? Or, how could they reach Patagonia
and North America, if they originated in Africa?

It must, I repeat, be clearly understood, to begin with, that no
scientist believes that two groups of animals almost alike in every im-
portant particular have ever originated from different ancestors, in
widely separated regions. Nature never repeats herself in this regard,
so far as is known, except in external shape, including limbs., Different
Orders of the Reptilia may have had different lines of descent from
much more primitive forms; but we should assume, on sound principles,
that all the bipedal Dinosaurs had a common ancestry from a single
group (Amphibia), and that all of the herbivorous Sauropods had like-
wise a common ancestry through some one branch of the older Amphibia.

The Sauropods could have reached Africa from South America
in the same way (but, as we have seen, at a different time and place)
that camels which apparently originated in North America, reached
Lurope and Asia, or that the clephants, natives of Africa, al o much later
period reached America—namely, by a land-bridge connecting the two
hemispheres, Tence we should not be surprised to find fossil represcnta-
tives of the Sauwropods in North Awmerica, :\xgculiua, Frauce, Greut
Britain, and Africa.

It is, then, theoretically possible—though quite unlikely—that de-
scendants of these very ancient animals still exist in some of the un-
exploved regions of equatorial Africa, or elsewhere. Protected by the
climate and isolation of their jungle home, they may have cscaped the
universal fate of their herbivorous brothers and their carnivorous cousins
in other portions of the world.

What was it that brought an end to all (or ali other) Dinosaurs
hefore the beginning of the Tertiary Era? As far as the sauropods
(which certainly died ont hefore the carnivorous Dinosaurs) are ccn-
cerned, the wonder is that they survived so long. . The bulky, semi-
aquatic animals were, it is true, capable of seeking food in the meadows
that hordered their homes when driven out of the water hy necessity.
But their lack of grinding teeth made the prairie vegetation undesirable
as food; while, once on the land and unable to escape their enemies by
swimming, their want of defensive armor or offensive weapons made
them easy prey to “the claws that snatch, the teeth that bite” of their
unfriendly relatives, the predacious dinosaurs.

Another cause tended to accelerate their extinction. Like all reptifes,
Brontosaurus and Diplodocus laid eggs, just as do their near kin, the
birds. Now, the beginning of the “Age of Mammals,” as its name indi-
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cates, saw the rise of the Mammalia to a place of dominance, a status
they maintain more than ever today. These mammals, even the arche.
typal specimens whose fossil teeth and jaws are found in rock strata
together with remains of the sauropods, were quick and relatively intel-
ligent, even though they were scarce and weak. A forty-ton Bronto-
saurus rejoiced in a brain weighing just about a pound and a half—
in fact, the partion of the spinal cord that moved its mighty tail was
larger than all the gray matter in a head the size of that of a horse.
Quickness and forethought were not among its characteristics; and the
female Prontnsauris undonbtedly left her eggs right out where an in-
quiring mammal, no larger than a hedgehog, could investigate them.
These early mammals were mostly insectivores; but few creatures that
eat animal food will despice eggs. Many and many a Brontasaurus egg
must have vanished by this route.

tgsnvrno wrae nao 1r\rrrn n nrennrt;nn +a tha
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If th us was as large in proportion to the

1aother’s butk dS was the egg of the recently extinct Brontornis (thunder
bird), or of the Aepvornis (most lofty bird), a single spemmen must
have been a banquet for a host of Cretaceous mammals. (The size of the
eggs. found by Andrews in Mongolia suggest that this must have been
s0.) So far as Aepyronis is concerned, in 1851 a French traveler in
Madagascar found two unbroken eggs that measured nine by thirteen
inches, equivalent to about 148 hen’s eggs, or six ostrich eggs—the
mother-bird being about ten feet in height. Doubtless the Brontosaurus
ege far exceeded this in size, Like most reptilian eggs, it probably had
a tough integument instead of a shell, which would make it easy for the
tiny rodent teeth to bite it through.

Amnother factor which must have contributed to the death of the
Sauropods was the increasing cold and augmented aridity of their habitat.
It is significant that this was least noticeable in equatorial Africa. Their
cggs, exposed to the elements, and undoubtedly taking a long time to
hatch, must very often have lost their fertility and died. A creature
the size of a Brontosaurus cannot lie on an egg to keep it warm; and
in any event there could have been very little heat in its reptilian bodv
during cold weather. So countless numbers of Brontosauri must have
been killed off before birth.

Add the conflicts with carnivorous dinosaurs, especially the dreadful
Tyrannosaurus rex; and diminution of the food supply through elevation
of the land with consequent increase in general aridity and lowered
temperature: and the problem is, not why did the Sauropoda die, but
how could any of them have survived?

e egg of the Bron
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Still, Africa, the Dark Continent of mystery, may yet give up from
the depths of some Congo cave, or jungle lake or swamp, a “holdover”
equivalent to Sphenodon or the crocodiles of today.
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CHAPTER VII
THE ORIGIN OF BIRDS

Dmosaurs which is much like saymg that elephants evolved
irom Pachyderms for the Dinosaurs, like the Pachyderms, do

v not forin a natural Order. Both represent an assemblage of
animals only superflualh alike, owing to parallel adaptation to a similar
environment. They “resemble” one another—as a reptilian group, in th=
one case, and as a2 mammalian assembiage in the second—but are not
aenetically related to one another. Similarity of outward form is by no
means a safe criterion of relationship. 1In a sense, all reptiles are re-
lated, in that they had a common ancestor. At some stage in reptxha.n
(-volutlon the common ancestor gave off two branches, one leading to
the llzald., ike types, the other to ‘the bird-like forms. The hip or pelvic
bones of the two groups, or Orders, are quite distinct in type.

In his Presidential address previously quoted, Professor Matthew
names two quite distinet natural orders of ancient reptiles.

The crocodile-like group—all with a similar type of pelvic bones
—constitutes the Order Saurischie (lizard-like ischium, one of the bones
of the pelvis), whici includes Marsh’s two groups of Suuropoda and

Theropoda.

The second Order is the Ornithischia (bird-like ischium). Tkis
stock is also known as Orthopoda (the Predentata of Marsh [1831-1899 |
—s0 named because they developed a special bone in the front part of
the jaws that is devoid of teeth).

The first group, the Saurischia, with crocodile-like pelvic Dhones,
includes the sub-order Sauropoda, gigantic quadrupedal amphibious
dinosaurs (cssentially herbivorous) ; the great carnivorous dinosaurs
{suborder Theropoda, large bipedal creatures); and the suborder Coel-
urosauria, slender, swift-running, bipedal carnivores; also the mote
primitive Triassic dinosaurs,

The second group, the Ornithischia, or Orthopoda, with bird-like
hip-bones, iucludes the cyanuvdonts aud duck-billed dinosaurs (Ornithio-
poda), bipedal herbivores; the Ceratopsia, horned dinosaurs (quad-
rupedal herbivores) ; and the armored dinosaurs (Stegosauria), also a
quadrupedal herbivorous type.

All the Ornithischia are distinguished by a horny beak or bill and a
bird- hke arrangemen: of the pelvic bones, and have, says Professor Mat-
thew, “a certain degree of affinity to primitive birds.” It is worthy of
note that the carnivorous or primitive dinosaurs have three toes as do
most birds. This linkage with the birds is not nearly so significant as is
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the nature of the ankle joint. In mammals and living reptiles, as Shuchert
remarks, the ankle joint is between the siall bones of the ankle and the
two larger ones of the lower leg. “Birds and dinosaurs, on the other
hand, have some of the ankle bones united with the leg bones, so that
the joint comes in the middle of the ankle itself.”

The 'legs of birds are constructed on essentially the same type as
those of reptiles, differing markedly from the ariangeents found in
the human skeleton. “On the other hand,” as stated by Shipley and
MacBride (Op. cit., p. 613), “they agree with the modifications of
the hind limbs found in those extinct Dinosaurs which were bipedal.”
A bird walks on its toes, and like reptiles possesses an intertarsal ankle
joint.

The raised sole of the foot really constitutes the visible “leg” of most birds,
the thigh being altogether, and the shank mostly, buried, in the feathers. In many
Litds the sule ia plated by scales which are raised horn¥y platcs of skin, similar to
the scales of reptiles, The {ifth e corresponding to the little toes vf the hwuan
foot is always absent.

As for the egg of the bird, it is essentially like that of the reptile,
both in size and in envelopes. Prof. H. H. Newman says (“Vertebrate
Zoology,” p. 265):. *The developmental history, though much more
rapid, as the result of higher temperature, is essentially reptilian. Like

the reptile, the bird’s jaw consists of several bones and articulates with
the quadrate.”

The red blood corpuscles are nucleated as in the reptile.

Iluxley so clearly perecived the close affinities of birds to reptiles
1ha* he combined the two divisions under the namc Sauropsida. l.ucas
says: “If we comparc the skeleton of a Dinosaur with that of an ostrich
—a young one is preferable—ard with those of the earlier birds, we
she! find that many of_the barriers now existing between reptiles and
birds are broken down, and that they have many points in common.”

Dr. W. K. Gregory emphatically declares that “the whole architec-
ture of a bird skeleton, indeed the whole interral anatomy, is unques-
tionably a modification of a primitive reptilian type.” The single oceipital
condyle at the base of the skull is a typical reptilian feature, as are also
scaly feet and hard-shelled (or tough membranous) eggs.

The heart and arteries of the hird arc the same as those of the
crocodile with the exception of the left systemic arch, which is not found
in birds. Unlike other Reptiles, the ventricle. in the crocodile. “is almost
completely divided by a septum into a right and left chamber, leaving
only a small foramen between. Thus there is practically a complete
separation of venans and arterial bload,” as in Birds and Mammals.
The crocodiles “have followed part way several of the evolutionary paths
that have been carried out fully by the birds” (Newman).

~ Dr. David Meredith Seares Watson, Jodell Professor of Zoology,
London University, has, in “Creation by Evolution” (chapter on “Thé
Evolution of the Bird,” pp. 242-254, edited by Frances Mason, 1928),
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strikingly brought forward some very interesting points in avian evolu-
tion. He points out, for example, that

In order to enable the bird ancestor to utilize fully the increased activity made
possible by its higher body temperature, many changes of its structure were neces-
sary. Omne of the most important of these has to do with the heart. A lizard can
run very fast for a short distance, but it then collapses, completely exhausted,
whereas 4 mammal or a bird can hardly work so fast and so long that its muscles
will no longer contract. This difference is due to the fact that the mechanism
for sending a supply of oxygen to the muscles is much hetter in the hird or mammal
than in the lizard.”

The heart of a bird consists of two pumps, placed side by side. Into one of
these pumps, that on the left side, blood full of oxygen comes from the lungs. This
hload is then pumped forward, through a grear tube, which turns over to the righ:
side of the animal and gives off blood vessels to all the muscles and all parts of
the body except the lungs. All this blood, after being deprived of its oxygen, goes
hack fo the right side of the heart and is then sent tn the hmgs to get 3 new

supply of oxygen, :

As for brain development in birds, in comparison with reptiles, Pro-
fessor deBeer finds in the avian brain an elaboration of the grade of
structure shown by the brain of crocodiles, “and its distinctive feature
is that the corpus striatum has been especially déveloped while the cere-
bral cortex remains small and thin.”

He points out that the cerebellum of birds presents many resem-
blances to that of the Pterosaurs, which, however, he adds, “can be
explained as due to the action of similar modes of life working on re-
lated materials.”

Professor Watson points out that the brain of the bird is bent
sharply on itself, so that the optic lobes of the mid-brain—portions con-
nected largely with vision—are pressed dewnward and the hemispheres
are brought clear to the cerebellum, which, in centradiction to what is
the case in most reptiles, is large and transversely wrinkled. Evidence
is accumulating that an important function of the cerebellum is to co-
ordinate the motor impulses to the skeletal muscles which bring about
the correct balance of the animal. As balance is a more difficult matter
in a bipedal animal than in a quadruped, the cerebellum of birds is coi-
respondingly enlarged.

A strong light i¢ thrown on the development of the bird’s organs
of thought, which are high and rounded, by Professor Watson. Sections,
he says, reveal the fact that

The great mass of thc hemisphere is composed of an enlargement of the corpus
striatum in the mammalian brain. The roof of the hemisphere corresponding to the
cortex in Mammalia is thin. Now in mammals the corpus striatum is generally re-
garded as the seat af those impulses which earry ant the instinctive activities, where-
as the cortex is the seat of purposive action. In accordance with their brain-struc-
ture, we find that birds are creatures of ipstin(?ﬁve impulse, and have not nearly so
much intelligence as they are usually credited with by imaginative people.

However, they have more than they are credited with by zoologists
who have made no special study of their behavior under varying .con-
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ditions. Dr. Watson’s example of-the stupidity of cuckoos is not entirely
conclusive,

Professor deBeer remarks upon the fact that the peculiar lung of
the birds is primitively represented by the air-sacs of the lung of the
chameleon. In the flying-lizards (Pterosaurs) of the latter half of the
Mesozoic Era, there were hollow, air-filled bones, as in birds. In the
humerus (upper arm) of hoth Pterosaurs and birds there is a foramen
(a small opening) for communication between the lungs and the cavity
of the bone. Bul, as Lull points out, birds acquired a remarkable de-
velopment of air-sacs, principally- in the abdomen, but in other portions
of the body as well, and these adaptations are not met with in Pterosaurs.

The Pterosaurs (Pterodactyls) were already a highly specialized
branch of the Reptilia when first met with in the geological record
(Jurassic time), so they cannot be ancestral to birds.
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CHAPTER VIII
THE ORIGIN OF FEATHERS

9 HE distinctive badge and livery of the Order of Birds, said the

A lamented Dr. Frederic A, Lucas, in a popular article written

-4 for the New York monthly, Evolution- (July, 1929), a few
M weeks before his death, is that they wear feathers.

No bird is without them, no other creatures wear them, so the bird may be ex-
actly defined in just two words, feathered animals. The exclusive mark of birds is

therefore not flight but feathers, though in penguins, the feathers have so changed
that their identity is almost lost.

{ Probably a number of readers will remember having seen in a side-
show the “hen with hair.” It did seem to be covered with hair, but I
have no doubt that the microscope would have revealed only highly
modified—perhaps diseased—feathers.)

It has, I believe, been clearly shown that birds are very closely
related to reptiles, and are really only highly modified reptiles dressed
up in feathers. But we must admit that no reptile is clothed with feath-
ers. And as it is a principle of evolutionary theory that we never get
something from nothing ; that all the structures in both plant and animal
life that we see today are but modifications of pre-existing structures—
either as progressive or as degenerate (or at least regressive organs)—it
becomes incumbent upon the evolutionist to trace the initiation and
progress, if it be a progressive adaptation, of any new feature.

~ If we consult the most authoritative text-books, we shall have no
difficulty in solving the very interesting problem of the origin of fcath-
ers. For instance, Newman (Op. cit.,, p. 266) says: “A feather is a_
modified scale, that arises {rom a papilla and Is at first covered with an
epidermal sheath.” Further, a typical feather “consists of a stif{ rod
or stem, of which the basal portion is hollow and forms the quill or
calamus; the distal part 1s filled with pith and is called the rachis.” But
my reader is not looking for a description at this point; he wants to
know where or how, or from what feathers originated. So let us tum
to Shipley and MacBride (Op. cit., p. 607), where we find an answer:

Strange as the statement may appear, it is true, nevertheless, that the feathers
are really scales like those found in lizards, but immensely developed and with the
edges frayed out. Like scalcs, they are cpidermal, that is, developments of the outer
or horny layer of skin. The area which is often to form the feather becomes raised
into a little finger-shaped knob of dermis, but the upper part, like the scale of a liz-
ard, is farmed only on one side of the knob, and as this part is pushed away by the
growth of the deeper parts it becomes frayed out so as to form the vane of the
feather, , , , Down consists of small feathers growing between the bases of the larger
ones. .... the color of the feathers is partly due to colored substances or pigments in
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the epidermal cells and partly to minute detail (minute mirrors) which causes inter-
icrence oi the light waves reflected from them.

Yet, says Professor Watson (Op. cit., p. 244):

When we compare a wing or a tail feather of a bird with a scale is seems at first
impossible that one should have come from the other; but the first feathers oi the
chick—those which it grows while it is still in the egg—consist of very short scale-
like quills, whose ends fray out into plumes. These feathers are formed from the
upper layers of the skin in exactly the same way-as the scales of lizards are formed;
indeed, they differ from such scales only in Leing larger. Between these incipient
feathers and those which we know as quills we find all intermediate stages.

Feathers, like the scales of reptiles, are arranged in tracts, called
pterylae, with naked spaces between, called apteria. In some cases, the
apteria are covered more or less with the down feathers to which I have
referred.

Now, this is all very well from the standpoint of the comparative
anatomist or the zoologist, armed with their powerful microscopes; but
what has the rock record to contribute on this subject?

Unfortunately, but quite understandably, fossil birds are compara-
tively rare throughout geological history. What we know of Mesozoic
land life is chiefly limited to the fauna of the swamps, and no swamp
birds are known previous to the Tertiary Period. However, the oldest
known feathered creature, Archacopteryxy (Greek, archaios, old, and
pterux, a wing), found in the Jurassic slate quarries of Solenhofen,
Bavaria, is so closely allied to the Reptilia in structure that it is doubtful
if 1t would have been recognized as a bird by its skeleton alone: but the
associated feathers offered conclusive evidence of its place among the
Aves.

The first intimation of bird life in the Mesozoic era was the imprint
of a single feather in the Solenhofen lithographic stone, found on
August 15, 1861. Less than a month later the fossil skeleton itself was
discovered, followed in 1877 by a second and better preserved specimen.
all from the same- quarries, The birds found were of different species,
or even of different genera. Since that time no Juarassic bird relics
have been found.

Archacopteryx was a small bird, hardly as large as a pigeon, with
a small, stout, cntircly bird-like head cxcepting that its jaws (“bill”)
were equipped with numerous small, sharp, conical teeth, instead of be-
ing of horn, as in modern birds. The brain was bird-like, but relatively
small, as in later Mesozoic birds. The fingers of the “hand” had not
vet coalesced, by reduction, there being four separate fingers, or reptile-
like claws, all of them functional. The fingers retained the same number
of joints as the corrcsponding fingers of a lizard. Thus the bird was
enabled to crawl about the trees by aid of its claws, much in the manner
of the young Hoactzins of South America (abundant in British Guiana).

Probably the first stage from a terrestrial to a terrestrio-arboreal
mode of life consisted of climbing up the tree by means of the claws
and parachuting down again by means of partly developed wings, or
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{eathers, on both arms and legs, the leg feathers degenerating after full
development of the wings in the course of time. William Beebe has
nbserved great fcathers on the thighs of modern birds when in the
embryonic stage, and. attributes traces of similar feathers to the thighs
of Archaecopterys. From these observations he infers that the original
method of bird flight was four-winged, the long tail of Archaeopteryx,
with its 21 vertebrae each provided with a pair of tail feathers, acting
as a rudder.

That the Jurassic hird had not developed full powers of flight is
shown by the feebly developed breastbone. (The reader might consult
with advantage Lucas’s “The Beginnings of Flight,” American Museum
Journal, Vol. 16, 1916 ; and, by the same authority, “Animals of the Past,”
American Museum of Natural History, Handbook Series, No. 4, 1922.)

In the later birds, as also in the flying-lizards and the flying-
mammals (bate), the breastbone (keel) ic strongly developed. In gll
three flying groups, bats, birds, and pterodactyls, a vertical keel grows
upon the breastbone, in order to furnish a sufficient bony attachment to
the powerful and greatly developed breast rmuscles, which arc the prin-

cipal muscles of flight.

Recalling the “Biogenetic Law,” it is interesting to note that tooth-
germs always appear in the embryos of certain birds; and in all em-
bryonic birds the wing ends in a sort of paw and the fingers are sep-
;’l_!%&te. In ostriches the wing retains reptile-like features even in aduit
ife,

In many groups of birds the first digit has a claw, as, for example,
the spur on a swan's wing, and several birds have claws on both the first
and seccond digits.

Embryonic teeth, as said, are discernible in a few, but only a few,
birds, and then only as mere rudiments. But not one of the more than
15,000 kinds of birds now living possess adult teeth.

Archaeopterys was not a product of “special creation;” or if it was,
the “handiwork” wa$ decidedly bungling; as bungling as that performed
on Man, whom Schopenhauer called “a burlésque of what he should be.”
Just so, we may well admire the early struggles of Archacopterys, when
we compare its structure with that of a modern bird. Dr. Watson says:

It is certain that Archaeoptervry was clumsy, incapable of hovering. over-one
spot and of alighting on a definite perch. . . . It was ill constructed, and lacked that
perfection of form and motion which makes the sea gull a constant source of delight.
Is it credible that a bird that was miraculously created in a momient should be so
imperfect? Is not the imperfection of the machinery an evidence of evolution? Is
it not more reasonable to recognize in Archaeopteryr a. necessary stage in the lon?
grg_ces?s by which a crawling reptile was gradually converted into a flying bird o
oday

The riext known stage in the evolution of bird life is represerted
by fossils found by Professor Marsh (1870-¥7) in the Upper Cretaceous
limestone’ formations of western Kansas. Great was the surprise of
American Zoologists when, in February, 1873, he announced the presence
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of teeth in the birds of the ancient epicontinental seas of western Amer-
ica. Buth binds found wete aguatic in habits, one, Iesparornis, heing
a large wingless diver, neatly six feet in length, and loon-like in struc-
ture; the other, [chthyornis (Greek, ichthus fish, and ornis, a bird {the
“hesper” in the name of Hesperornis means “western’]), a small bird
of tern-like aspect, not so large as a crow. Unlike Hesperornis, the small
bird had great powers of flight. The jaws of both birds were supplied
with small teeth, In Fesperornis the weeth were frubedded iu grouves,
firmly fused to the bone, as in many reptiles; while in Ichthyornis the
teeth were set in delinite alveoli (cup-shaped sockets), another arrange:
ment sometimes found in the jaws of reptiles. In the Cretaceovus birds
the long, vertébrated tail of Archaeopteryx had given place to one inter-
mediate hetween the latter and modern birds. As in the Jurassic birds,
the vertebrae were biconcave, as in fish and some reptiles.
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CHAPTER IX

THE ORTGIN OF HATR

Pl UST as feathers are characteristic (or diagnostic) of birds,
50 hair is characteristic of mammals, which, typically, display
it as a complete covering of the body, The class Mammalia
(Latin, mammae, breasts) includes those animals wkich suckle
their young. But there are no land animals which suckle their young
which are not covered by hair either before birth (as in the case ot
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elephants) or after their prenatal life, excepting a few which have de-

veloped quills (e. g., spiny ant-eater, porcupine) or overlappiug scales
(e. g, armadillo), which are really formed of aggregated hairs.

A hair is essentially a rod composed of closely packed cells con-
verted into horn (in the case of a rhinoceros a very practical “horn”),
such cells being well seen under a good microscope as a mosaic on the
surface of the hair. The outermost cells overlap each other like shingles
on a roof, and, as a matter of fact, serve the same function, “letting the
water run off.” (The outside of the feather also, as we have seen, is
composed of horny cclls. The horns of deer, etc., consist of a sheath
of epidermal substances supported by a bony core.)

It s not necessary, in this book, to go into detail concerning the
growth or the “anatomy” (really histology) of hair. The continual
growth of the hair, it may, however, be added, is made possible by a
little plug of dermis carrying blood-vessels, which is pushed up into the
Jower end of the hair. This plug of dermis is called the papilla (of the
hair), and corresponds to the knob of dermis in the base of the feather;
hence a hair might he compared to a feather consisting only of the shaft,
and sunk in a very deep and narrow pit of the skin, formed by a thick-
ening of the deeper layer of the epidermis, which grows down into the
dermis forming a littie cylinder, at the itase of which the papiila is formed.
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CHAPTER X

PRIMITIVE MAMMALS

E have already met with the phrase, “egg-laying mammals.”
8 There are but two families of this lowly sugclass (Prototheria)
of the Mammalia; namely, the Ornithorhynchidae, and the
Echidnidae, constituting the Order Monotremate. The con-
temporary representatives of this subclass consist of but three gencra,
native to Australasia. These egg-laying mammals, bird-like in some

fontirrns nnd alen sontainine in thate otevsttirs coma rantilian ocha
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exist nowhere else but in Australasia.

The African suborder Theriodontia (beastlike teeth), with mammal-
like heads, are regarded by most authorities as having given rise to the
lowest of egg-laying mammals, “while in the Atnerican forms originated
the higher reptiles” (Schuchert).

About the time of the rise of the monotremes and marsupials (egg-
laying and pouched mammals), the southern hemisphere was united into
one great continent, and then disconnected. Ounly in this way can we
account for the distribution of fossil and living forms of southern florae
and faunae. That is to say, so far as our present topic is concerned. we
may oy (aod in uo other way) accouut for the préseuce in Austialia of
very primitive forms of mammals which were once widespread over
the earth, but are now, as said, found nowhere else.

The body of the Monotremes is constructed largely on the plan
of that of birds and reptiles, there heing but one opening for the products
of the urinary, digestive, and sex organs.

While the modern Monotremes reveal to us a most remarkable stage
in the evolution of reptiles to mammals, connecting with the higher
Marsupialia (Metatheria) on the one hand and with the cgg-laying
Reptilta on the other, they must be regarded as highly specialized forms,
and therefore not direct links in the chain of mammalian development.
We may assume, however, that their Mesozoic aucestors were generalized
transitional forms. If so, they must have been possessed of tuberculate
teeth, 1. e., teeth with small, rough prominences. And this is precisely
what a study of the embryonic life of the Monotremata actually shows,
for the calcitied teeth found in the embryo of the Ormthorhynchus
strongly resemble the teeth of the Allotheria, or Multituberculata, a
family of primitive mammals whose fossil jaws have been found in North
and South America and in Europe and Africa. No teeth of any other
living or extinct animal correspond to the form of the embryomc teeth
of the “duckbill” with the exception of the multituberculate dentition
of the Allotheria of the Mesozoic Period. Perhaps such primitive mam-
mals as the Micolestres of the Lower Triassic of Europe, and the
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Drowmatherium svlvestre of the same geologic age in North Carolina,
afford examples of just such generalized types as would be needed to
unite the reptilian and mammalian classes. Lull says: “The teeth of
some of the earliest mammals differed little from those of Theriodont
reptiles, in which the tuberculation of the molars characteristic of mam-
mals had already commenced. . . . [In certain instances,] these teeth
are quite suggestive in general type of those of the rat-kangaroos of
Australia and Tasmania.” ’

In general, the mammals of Mesozoic times wefe very small. Usual-
ly they were about the stature of a rat. Meniscoessus of Basal Eocene is
as large as a beaver. Larger forms would have had but little protection
against the predacious habits of the saurians, unless of strictly arboreal
type. Smaller forms could escape by burrowing.

It is significant that many of the early waunnals in the “Age of Rep-
tiles” were insectivores or of arhoreal habits. Possibly the mammals
of the Jurassic and Cretaceous Periods, as Prof. Edward D. Cope (1840-
189%) suggests, did much (as remarked previously) to anmihilate the
great saurians of the Mesozoic by destroying their eggs with their sharp
incisors. “The insectivores among placentals, and opdssums among
marsupials, are the only animals which have preserved the dental proto-
type clese to that of the pro-mammal,” says Professor Osborn. The
teeth of Cimolomys gracilis and Halodon sculptus are important links in
the chain connecting the Mesozoic and Tertiary mammals. The dis-
coveries of Marsh in the Laramie deposits of Wyoming, and the prim-
itive mammalian remains uncovered by Lemoine at Cernay, France,

have helped materially in bridging the chasm that separated the Jurassic
forms from the Mammalia of the lowest Tertiary (Puerco-beds).

The Pantotheria (Tuberculata) are considered by Professor Lull
and other high authorities as having been “the actual forerunners of the
insectivores. . . . To this order belong Dryolestes and Diplicynodon from
the Comanchian [Cretaceous] of Como Bluff, Wyoming, and Didelph-
odon, Cimolestes, and others from the Upper Cretaceous Lance forma-
tion of the same state.”

The Prototheria (first or lowest mammals) of the Triassic Period,
the lowest stage of the Mesozoic Era; separated very early into two
hranches of Metatheria (transition mammals), the one more like. the
Marsupials, the other more like the Insectivora. I'rom the latter were
derived the Ewutheria (perfect or true mammals), which later deploved
and differentiated into many specialized orders. There are now known
morc than 60 gencra of Mcesozoic mammals, and the number of species
is, of course, much greater.

Following the Monotremes in the scale of evolution are the Mar-
supials, or pouched animals (Kangaroo, wombat, opossum, etc.). With
the exception of the opossum, and the rat-like Coenolestes, the Marsupi-
als are found now only in Australasia. They represent the highest
point of development that had been reached in the Antipodes when
Australia was cut off from the rest of the world; namely, from New
Zealand in Triassic times, and from the great northern continent (Gond-
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wanaland) during the Upper Jurassic or the early Cretaceous. A broad
laud connection between North and South America permitted the

migration of the Mesozoic forms northward on this continent. Here
the high development of predaceous saurians, and later of the carnivor-
ous mammals, led to the extinction of the Monotremes, and left com-
paratively few Marsupials. Twenty-three species of opossums, Didel-
phia, Chironectaae, and the Caenolectes of Ecnador and Colombia, are
all that remain in South America of these very interesting relics of Gond-
wanaland, while in North America but two or three species remain to
show us what the possible ancestor of the higher mammals was like. It
is not supposed, however, that our surviving opossums are exactly like
the ancient stem-forms of Australia; but they carry us very close to their
nearer relatives of the Upper Mesozoic rocks.

Australasia is, in a sense, a Museum of vamg Fossﬂ Forms, re-
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{ om amphthian like reptiles (Sphenodon) to reptile-like mammals (Mon-
otremes), on to arboreal Marsupials, which connect, perhaps, with the
carly arboreal Insectivores, ancestral to the Apes and Man. In the Mon-
otremcs we sce sweat-glands transformed intv lacteal urguns; and the
ear-hole begins to be covered with a shell of cartilage, the beginning of
the Mammalian external ear. More difficult is it to trace in detail the
origin of the hair, which so well serves the aquatic Duckhill (Ornitho-
rhynchus) for the retainment of bodily warmth. Hairs, as we have
scen arc not modifications of reptilian scales, as arc fcathers. The re-
current arrangement of the hairs, however, due to their original develop-
ment behind scales, has very generally persisted, and may be considered
to imply the earlier presence of scales.

The Monotremata, though classed as mammals, have no frue breasts,
as have all the placental mammals. In the case of the Duckbill (Pla-
tvpus), the mother’s milk is forcibly drawn through tiny holes in the
skin of what does service for a breast (Henry Burrill, “The Platypus™).
The mother lays her eggs in a nest, underground, the-number being one
ta three—usually two. They measure about three-quarters of an inch
in length and two-thirds of an inch in diameter. When first laid, they
are covered with a sticky coating, like fish glue.  As they lie side by
cide, they stick together, ‘and are kept suf ficxently warm by thc mother,
who coils her tail around them, holding them against her stomach. The
‘body temperature of the Monotremes is intermediate hetween the cold-
blooded reptiles and the warm-blooded placental mammals; and as in
the case of reptiles, the body changes its temperature according to
the changes in the temperature of the surrounding conditions, a varia-
tion of at least 15° Centigrade.

The Family Ornithorhyncidae consists of but one species, Ornithior-
Ivchus anatinus—the Duckbill Platypus or “duck-billed mole.” (Orni-
thorhynchus is Greek for “bird bill.”) Its brain is the most primitive
of ary known mammal. The cerebral hemispheres are, as in the reptile
brain, entirely lacking in convolutions.

The Family Echidnidae contains two genera, Echidna and Proechid-
na. Echidna aculeate is popularly known as the “Australian ant-eater.”
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It is found in Australia, Tasmania, and New Guinea. It has a covering
of quill-like spines, with an uundeilying covering of coarse hair. The
Platypus, on the contrary, has a heavy coat of soft brown fur, the feet
being web-toed (five toes).

The transition from Theromorph reptiles to mammals must have
_taken place in the Permian, as indicated by the researches of Broom,
Watson, Houghton, VanHoefen, and other eminent experts. At any
rate, early in the Triassic, fossils are met with which show a distinct
advance toward true, though as yet lowly, mammalian forms. In his
paper of 1914, on “The Structurc and Affinities of the Multituberculata,”
(Bulletin of the American Museum, Vol. 33), Broom seems definitely
to have shown that these fossil forms belong to the Prototheria {Mono-
tremata, egg-laying mammals), and not to the Marsupials, as we formerly
thought probable. He regards the living Australian Monotremes as
specialized and degenerate descendants of the Jurassic Multituberculates.
Some of these [urus pessisted until the Eocene period, and advanced in
general evolution to the Marsupial stage. Professor deBeer savs of
them (Op..cit., p. 453)

The pelvis was narrow as in the, reptiles, and the lower jaw, which costained a
single bone, had inflected angles (a marsupial trait). The single bone (dentary) i
the lower jaw is a characteristic mammalian feature, The Multituberculata were,
however, specialized, and possessed molar teeth with a large number of cusps (hence
the name). They are probably a divergent line which evolved parallel with hut in-

dependently from the remaining mammals.

-J. T. Carter contributed important papers on the microscopic struc-
ture of the teeth (“Structure of Enamel in Marsupials,” Philosophicct
Transaction of the Royal Society, Series B, Vol. 208, 191%, and Journcl
of Anatomy, 1919; “Structure of Enamel in Primates.” Proceedings of
the Zoological Socicty, 1922), in which he demonstrated that the enamel
pattern, in conjunction with tube penetration of the enamel, makes it
possible to discriminate clearly between multituberculates, Marsupials
and Placentals, and the different groups of Placentals. Carter’s later
researches led him to the conclusion that emamel pattern is tmoere im-
portant than tubular penetration in determining affinities.

The earliest fossil jaw fouud in North America which has been
positively identified as a marsupial was discovered underneath a dinosaur
jaw of the Cretaceous period in Montana, by Barnum Brown, of the
American Museum of Natural History. It proved to be a near relative or
ancestor of the existing opossum, which is therefore one of the most
ancient types of “living fossils” among extant mammals,

Genuine placental mammals are now known to have existed in
Mongolia as early as the Cretaceous, thanks to the labors of the Ameri-
can Museum of Natural History party in the Gohi Desert, under the
leadership of Roy Chapman Andrews. The good fortune of finding the
world’s oldest fossil of a placental mammal fell to the lot of the keen-
eyed Walter Granger, one of Andrews’ most competent co-workers.

In an article on “Missing Links of the Gobi Nesert” (Scientific
American, April, 1927), Dr. William K. Gregory, the Museum’s curator
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in the Department of Comparative Anatomy, and professor of verte-
brate Paleontology in Columbia University, tells us that:

The Mongolian placental mammals had reached a very critical stage in evolution
i1 which the uppér molar teeth had a low cusp on the inner side of the shearing blades
and each lower molar consisted first of a triangular wedge, fitting into the inter-
spaces between upper molars, and secondly, of a spur or heel on the hinder border of
the tooth which engaged with the internal cusp of the upper teeth. . This is the sort
cf tooth which, so students of the evolution of mammalian molar teeth had pre-
dicted, ought to be found in the Cretaceous ancestors of the placental mammals.
And now the Mongolian Cretaceous placentals are found to have exactly that kind
of molar teeth,

Popular stories and moving pictures and cartoons commonly represent man as a
contemporary of the dinosaurs; but the cumulative evidence of thousands of fossils
from successive ages establishes the high probability that man did not appear as
such until millions of years after the last dinosaurs had vanished from the earth.
In fact. all well-founded paleontological and. anatomical research leads to the in-
ference that at the time of the Mongolian Cretaceous mammals the Primates, that

preat order of muwmmals to which man belongs, had at most barety assumed the stage
represented by the existing tree shrews, and would not for several millions of years
produce relatively high beings, such as monkeys and apes, not to mention ‘mankind,
who by the most liberal allowance,can scarcely claim to be older than the Oligocene,
 far later period than the Cretaceous. But it is even reasonably safe to regard cer-
tain of the Mongolian Cretaceous mammals as representing in a general way the ap-~
pearance of our own remote ancestors in the days of the dinosaurs.

Huxley, with his usual prescience, long ago predicted that some
day fossil remains of the ancestral placental mammals would be dis-
covered, and that when found they would resemble modern insectivores
in respect to the general form of the teeth and lowly development of the
brain. Dr. Gregory reminds us that::

Henry Fairfield Osborn and other paleontologists also taught that the ancestral
placentals were insectivorous mammals which were at the same timé the source of
the creodonts or early flesh-eaters, of the hoofed animals, and of the primates
(lemurs, monkeys, apes, man). This great generalization has received strong sup-
port from the Mongolian Cretaceous mammal skulls.

There are primitive, generalized insectivores living today which are
not far from the prototype form for all higher placental mammals. Two
memhers of the Shrew family fit well into this pattern ; namely Gymnura
rafflesii, and Tupaia, the Tree Shrew.
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X1

THE PRIMATES

URING the course of his revisions of his great work, Systenia
| Naturae, twelve editions of which appeared between 1755 and
4 1766, the famous Swedish naturalist Linné (or Linnaeus) felt
. d constrained to include man as a member of his order of Pri-
mates (which he did in 1758). As thus revised, the group included bats,
lemurs, monkeys, apes, and man. Drop the bats, and substltute marmo-
sets, and the group stands today as it did in the last haif of the eighteenth
century.

We have seen that while the Mammalia arose during the long Mes-
ozoic Era—enduring for a period equal to abuut twelve percent of all
geologic time—no member of the Primate group was numbered among
the fossils so far discovered. The mammalian fossils recently discov-
cred in a Lower Cretaceous formation in the Gobi Desert, by Dr. Roy
Chapman Andrews and his colleagues, represent several kinds of animals ;
but none of them anywhere ncarly approaches the status of even the
lowliest of lemurs. For the first forms in the direct line of Primate
evolution we must leave the “Age of Reptiles” behind us, and enter the
Era named by Cuvier and Brogmart the Tertiary, and later very aptly
called the “Age of Mammals,” which in this long period of time—ap-
proximately 50,000,000 years—became the dominant animals of the earth.

In his exhaustive study of the skulls of the Cretaceous period,
Deshayes noted that the strata of this system carried no species of the
present living world. With the beginning of the lowest formation above
the Cretaceous, a small percentage of certain fussils (Mollusca) appear
which have descendants among those still existing. The percentage
rapidly rises as the younger strata are laid down, rising from onc to five
percent in the earliest of the Tertiary formatlons to nearly 100 percent
in the Pleistocene.

Charles Lyell took this evolution among the shells as a basis for
dividing the Cenozoic Lra (comprising both the Tertiary and the Quater-
nary) into five epochs, or periods, the youngest being given the name
Pleistocene (most -recent) ; the next lower, Plivcene (from the Greck
words meaning “more recent”} then Miocene (less recent) ; then Olig-
ocene (a present-day name for the Upper Eocene, meaning “tack of
recency””) : and, at the base, Eocene (dawn of the recent), the systein
overlying the Cretaceous. More lately, a new epoch has been added,
the Palaeocene, underlying the Lower Eocene beds.

The geological—or paleontological—history of the Primates begins,
so far as 1t is now known, with the Eocene. Here we meet for the first
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time with the relatives, possibly ancestors, of the lemurs and tarsioids,
in Western North America—also in the Eocene of Europe,

In the Lower Oligocene (of Egypt) we meet for the first time with
specimens of the larger apes, consisting of two lower jaws, one, Para-
fithecus, combining the characters of the tarsioids and the anthropoids;
the other representing a form which has been interpreted as a primitive
pro-znthropoid, Propliopithecus, ancestral, apparently, to the gibbons,
and by some authorities thought to be the btranch leading to the higher
apes and man.

By early Miocene times true tree-living gibbons had found their way
into Europe and continued throughout the Pliocene in the forms known as
Pliopithecus and Plivhylobates, the latter ranging northward imto the
present region of Germany (see Osborn, “Men of the Old Stone Age,”
p. 4%). Broken jaws of nearly a dazen species ar genera of anthropoid
apes have been found in the Miocene and Pliocene beds of India, one
type of which, Dryopithecus, found its way to southern France. ‘Lhe
grinding-teeth suggest those of the orang, but the jaw is not unlike that
of the Piltdown man. It appears to be rather closely related not only to
modern anthropoids but also to man himself. An anthropoid ape known
as Neopithecus occurs in the Lower Pliocene of Germany, near Eppels-
heim, Unfortunately, this ape is known only from 2 single molar tooth,
which, says Oshorn, “recalls the dentition of Dryopithecus and mare re-
motely that of Homo”

An anthropoid known as Palaeopithecus, found in a Pleiocene for-
mation of the Siwalik Hills of Asia, is of particular interest in that it
is a generalized form combining certain features of the chimpanzee, the
gorilla, and the gibbon. The upper premolars resemble those of man.
Professor Osborn believes that all these fossil apes are divergent branches
of the main anthropoid stem which culminated in man, hence not an-
cestral to Genus homo,

It remains to call special attention to the most human-like ape so
far discovered, namely, the Tauhgs “child” ape, studied and reported,
in 1925, by Professor Dart, and given the name Australopithecus (south-
ern ape). The skuil was found fossilized in a limestonc cave at Taungs,
near the western border of the Transvaal. Dr. Broom gives it as his
opinion that its age is either Pliocene or Pleistocene, “but if Pleistocene,
pretty certainly early Pleistocene.” It is in all probability a new species,
if not a new genus. Sollas is convinced, after a careful study of the
skull, that Australopithecus “makes a nearer approach to the Hominidae
than any existing anthropoid ape.”

Is man really cousin to the ape? In the next volume of this series
an attempt will be made to answer this question frankly, in the light of

all available evidence.
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MAN, COUSIN TO THE APES

INTRODUCTION

A few evenings ago, a friend “dropped in” on me for a short visit.
He is a writer by profession, and in our, suburban literary colony we
don’t visit each other very often, and when we do, our calls are usually
“brief and to the point.” For most of us, time is our only capital—time,
and the study behind us. '

“What are you doing now ?” he asked.

“Principally, I'm writing a ‘Key to Evolution’ for Haldeman-Julius,”

“Haven't we had enough books on evolution, especially since the
Scopes trial

“Well, yes and no. The trouble is that the books writterr have to
be, first of all, such as will appeal to the general public—persons who
have not already ‘rcad up’ on the subject. Only the most interesting
‘popular’ aspects of the question can be treated, if one has sizable royal-
ties in view.”

“Well, what about Haldeman-Julius? He isn’t in business for his
health, is he?”

“No, I don’t suppose he is. Neither am I writing ‘for my health.’
But this doesn’t mean that he, as a business man, is totally lacking in
what the pretentious call ‘idealism.” He has his ideal about ‘the Uni-
versity in Print,” and I have my ideals about science. Together we are
turning out what I hope is a real university course in evolution. Natural-
ly, we believe’ there are enough ‘advanced students’ among the general
public who really desire to go into the subject more in detail, and who
wish to know just how the evolutionists have arrived at their conclu-
sions, which are set forth, as results, so entertainingly by the popular
writers.” '

“Perhaps you're right. I'm rather fed up on the ‘evolution of the
horse,’ for example, mysclf. Moreover, those {ellows make many state-
ments which, I suppose, we laymen are expected to take for granted on
their say-so. Why don’t they give their authorities?”

“Citation of authorities and literature burdens their story, as a
story, and they assume that the public is not interested in going ahead
seriously with the study of evolution. But you must admit that many
of the popularizers add a short bibliography to each chapter, or at the
end of the volume.”

“Yes, true enough ; but how do wc know which one said what?”
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“It is exactly this need that I am trying to fill. I believe there is a
vedl call for a work on evolution that will meet this objection made by
a relatively few serious students. Hence the ‘Key to Evolution.” But
it is definitely offered as part of the very comprehensive course, or
courses, of the ‘University in Print.” There are alrcady many clementary
Little Blue Books dealing with the more popular phases of evolution; so
I am appealing here to those readers who desite tu go more decply into
the subject, and who wish to get into closer touch with the original
sources.”

“You mean that some readers want propetly documented material.
Maybe they do. At any rate, it's a fine experimeht, and Haldeman-
Julius deserves great credit for his willingness to try it out. I shan’t
keep you fonger from your work. Good night ”
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CHAPTER 1

MEN AND MONKEYS: IS MAN A “GROUND APE»?

] NE of the most exasperating statements met with since the be-
§ ginning of the FFundamentalist war vn modern bivlugical science
1s the oft-repeated declaration on the part of certain “recon-

. cilers” that, to cite a recent instange (Popular Science Monthiy,
September, 1929), “neither Darwin, the father | ?} of the theory of evolu-
tion, nor any other scientist, has ever contended that man is descended
from the monkeys. Science has suggested, and research has tended to
substantiate, thelr comnon ancestry, probably in a small tree-dwelling
animal resembling the lemur.”

But are not “the monkeys” descendants of some lemur-like form,
and therefore higher in the animal scale than lemurs? If this be granted,
and 1t must be, is it less repulsive to vain man to be derived from a form
still lower in the evolutionary scale than “the monkeys”? Lemurs are
“half-apes.” Is it more satisfactory to think of having heen derived from
a half-monkey than from a whole monkey?

What, indeed, is meant by a “monkey”? The author just quoted
admits that man and the monkeys had as a common ancestor “a small
tree-dwelling animal resembling the lemur”’—popularly known as half-
ape, or half-monkey. Are we to understand that the branch of lemurs
which evolved eventually into the human stock passed through no
“monkey” or ape stage of development? It would be interesting to have
some scientist explain to us what kind of animal the evolving lemur was
after ceasing to be a lemur, in its upward course of evolution

“Neither Darwin . . . nor any other scientist, has ever contended”
that the lemur passed directly from the lowest of the Primates to the

status of a human being. At one stage of his evolution from “a lower
form of life,” man must have been a monkey, or ape.

From the standpoint of evolution, the stage succecding thic lemurs
was a monkey stage—and could not pessibly be anything else, as every
zoologist in the world well knows, whatever his evasive assurance to the
general public may happen to be. It is, therefore, incorrect to assert
that “man had no monkey ancestor.” Quite obviously, he had te pass
through the monkey stage in order to cvolve into the next higher stage—
namely, the anthropoid (man-like) ape stage. More immediately, of
course, he is a descendant of an anthropoid stocl, not a divect descendant
of any monkey ancestor. And the common ancestor of man and of the
four still living anthropoids (gibbon, orang, chimpanzee, and gorilla)
was a generalized anthropoid ape. It was not until this stage was
reached that the five branches of apes (future man being unquestion-
ably one of these five offshoots from thescommon ape stem form) began
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their -separate adaptations and specializations, which so conspicuously
differentiate the five branches today.

At first, the five types of apes were scarcely distinguishable from one
another, Millions of years were to pass before man and the four great
apes assumed anything like their present aspects and characteristics. And
the immediate primitive ancestral parent of all of them had for his an-
cestor a monkey. This monkey, ancestor of the higher apes, was, in turn,
a descendant of a lemur-like torm, the latter derived irom some gener-
alized mammal, probably an insectivore, of the Cretaceous epoch, the
period which brought to a close the Age of Reptiles (Mésozoic) and in-
troduced the Age of Mammals (Lertiary). No zoologist of standing in
the world today denies these firmly established results of modern re-
search—not, at least, if you pin him down to what he krows to be the facts
in the case.: '

Yet, turning to page 27 of the most recent (1929) popular book on
evolution (“Origin through Evolution,” by Dr. Nathan IFasten, professor
of zoology in the Orcgon State Agricultural College), we read:

A sixth misconception often found to cxist among unintclligent [1] laymen is
that evolutionists degrade [?] man hy holding that he is descended from the mon-
liey. So uriversal is this belief that in many minds evolution is synonymous with
“monkey descent.” The fact is, however, that no evolutionist teaches this, and for
the simple reason that the facts do not warrant such a conclusion,

Having delivered this sop to the “unintelligent layman” who wishes
to think of himself as made in the image of his God, the protessor then

goes on—to show that man is a descendant of the monkey! On the very

next page Dr. Fasten states, in substance, precisely what I have just
agserted as to man’s “monkey descent™!

No scientist denies that there is a very close kinship between apes and human
heings, and that they have many common traits; but persons who have studied the
problem agree that these groups are now Quite divergent and separate, with numer-
ous distinct variations [or adaptations] which ‘mark them off from one another,
However, it must be pointed on: that.careful research nn the fnssil human and
ape-like remains unearthed during the last hundred years in various parts of the
world has Ied the evolutionist to the conviction that the higher apes and human
beings which exist at present . . . origingied from some remote, pre-existing
stock of mannmals whicli pussessed fu wouon wany ol the distinctive diatactas
of both [ic., a generalized insectivore, from which the lemurs evolved], From
this common ancestry, in due course of time, a monkey branch sprang, and through
adaptation and specialization this Imonkey] branch has given origin to the existing
types of higher apes. Tikemise, the human stock arose as another distinct offshoot
in a [somewhat} different direction, and from it [the stnck from an original
“monkey branch”] have evolved the different human races which have successively
populated the carth [italice minel.

The reader will probably, and quite naturally, find it difficul: to
see wherein Fasten’s conception of man’s “monkey descent” differs from
the “unintelligent laymen’s”! And if he turns to page 851 of the same
book he will find it still more difficult. Hete our authority speaks of the
“identities of organization” of the chimpanzee, gorilla, and man, though
there are some striking differences, or “modifications,”in the length of
forelimbs and legs. :
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This feature, undoubtedly, is an adaptation to the typical habitats of the organ-
ism3 in question, the higher apcs being trce-dwelling forms, whercas man has be-
come almost exclusively a ground-dweller. . It 15 commonly believed [by
experts] that the group [of apesl from which ‘man directly descended must hwc
lived, for a short period at least, in trees, as do the present-day apes, but that in
the course of time, as man developed more cunning and better means of protection,
he left the tree tops and sought the open plains,

In this really excellent chapter (XIII), Professor Fasten presents
conclusive evidence showing that man, the chimpanzee, and the gorilla
had a common ancestor in a more primitive, generalized ape, or “monkey.”

Curiously enough, Mr. Urland Kay Armstrong, author of the ar-
ticle previously cited from The Popular Science Monthly, also, after
stating that Darwin never thought that man descended from an ape, or
monkey, ancestor, goes on to approve of text-books which teach, substan-
tially, that he 4s a product of simian evolution, with “a small tree-dwell-
ing animai resembling the lemur” as his primitive ancestor!

Now, dld, or did not, the greatest naturalist of all time, Charles
Darwin, cver “contend that man was descended {rom the moukeys”? Mr.,
Armrtronq caye he did not. But cuppose we let the Master-of Down
speak for himself. In the last paragraph but one of his famous sixth
chapter of “The Descent of Man” (2nd ed., 1874), Darwin says:

In the class of mimmals the steps are not difficult to conceive which led from
the ancient Monotremata to the ancient Marsupials; and from these to the early
progenitors of the placental mammals, We thus ascend to the Lemuridae; and the
mterval is rot very wide trom these to the Simiadae. | he Simiadae then hranched
off into two great stems, the New World and Old World monkeys; and from
the latter, at a remote period, Man, the wonder and glory of the universe, proceeded.

Again (in the same chapter) :

In forming a judgment on this head with reference to man, we must glance
at the classification of the Simiadae. This family is divided by almost all nat-
uralists into the Catarhine group, or Old World monkeys, all of which are charac-
terized (as their name expresses) by the peculiar structure of their nostrils, and
bv having four premolars in each jaw; and into the Platyrhine group, or Nevs
World menkeys (including two very distinct sub- groups), all of which are char-
acterized by differently constructed nostrils-and by having six premolars in each
jaw. Some other small differences might be mentioned. Now, man unquestionably
belongs in'his dentition, in the structure of his nostrils, and in some other respects,
to the Catarhine or Otd World divistou.

The Catarhine and Platyrhine monkeys agree in a multitude of characters, as
is shown by their unquestionably belonging to one and the same order. The many
characters which they possess in common can hardly have been independently ac-
yuired by su many distinct species; so that these characters must have been inher-
ited. But a naturalist would undoubtedly have ranked as an ape-or a monkey an
ancient farm which nessessed many characters common to the Catarhine and
Platyrhine monkeys, other characters in .an intermediate condition, and some few,
perhaps, distinct from those now f{ound in cither group, And as man from a
genealogical point of view belongs to the Catarhine or Old World stock, we must
conclude, however much the conclusion may revolt our pride, that our carly pro
genitors would have been properly thus deﬁlgnated But we must not fall into the
error of supposing that the carly progenitor of the whole Simian stock, including
man, was identical with, or even closely resembled, any existing ape or monkey

Yet Mr. Armstrong tells us that neither Darwin, “nor any other:
scientist, has ever contended that man descended from the monkeys”!
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Speaking of the remarkable similarities existing between the body
uf man and that of the higher apes, Datrwin’s great contemporary, G. J.
Romanes (1848-1894), said:

Here we have a fact, or rather a hundred thousand facts, that cannot be
attributed to -¢hance, and if we reject the natural explanation of hereditary descent
from a commen ancestor, we can only suppose that the Deity in creating man took
the mnat arrupulous paine to male him in the image of the beasts. [See, in this
connection, his Scientific Evidence of Ewolution; 3Mental Ewolution in Animals;
Aental Evolution in Man—Origin of Human Faculty.]

In his well known work, “Prehistoric Man and Tis Ancestry,” Dr.
T, Scott Elliott, the British scientist, says:

. According to the interesting essay by Macnamara, even at the beginning of the
Miocene period, certain apes had no less [sic] than 170 structural characters in

common with man; the giant apes of the Early Miocene had 150 of these common
chaiaciers, which increased to over 300 in the Mid-Miocene chimpanzee-like form.

In the Upper Miocene, in his view, man became a plantigrade animal.

At the present day, according to Sir Arthur Keith, man las 896
characters in common with the chimpanzee, 385 with the gorilla, 272
with the orang-utan, and 188 with the gibbon. (Cf. Schwalbe, “L’A4n-
thropelogic” ; also Arch. fiir Anthrop., Neue Folg., Bd. 3.)

These facts have been demonstrated since Darwin’s time, but would
liave been considered by him as of the utmost significance. Tt may be’
aclded that there are some thirteen minor peculiarities of bone and muscles
which occur in the human object only as rare and exceptional abnormal-
ities, hut which do aceir regularly and normally even in lemurs (Duclk.

worth, “Morphology and Anatomy”).

The distinguished American palaeontologist, Dr. John C. Merriam,
states that although the known fossil remains of anthropoids are frag-
mentary,

The available material is sufficient to show distinctly a considerable range of
forms in which there are present characters approaching those of the human type,
as well as diagnostic [eatures of the gorilla and chimpanzee. . . .

The primate or man-monkey group was in existence, clearly defined, consider-
ably differentiated, and widely distributed in Eocene time, five periods before the
present day, or at Lhe beginning of the stage of dominance of the great mammal
group, The anthropoid or ape division of the primates was distinctly represented
inn Africa in the second or Oligocene period of the mammal age. By the middle of
the third or Miocerie period, forms having in general the characteristics of the
orang and the gorilla are found in Asia, and a representative of the gibbons was
present in BEurope.

Read now what Prof. Richard Swann Lull, of Yale University, has
to say on the question of the ancestry of man and monkey:

The ancestral stock out of which the primates arose was undoubtedly the
Insectivora, some of which, like the pen-tailed shrew, are arborcal. One visualizes,
therefore, as the hypothetical ancestor of all primates a big-brained insectivore, with
keen senses, generalized teeth, and arboreal in habits, but one whose limbs, while
amply {itted for tree iphabiting life, were in no way extreme in their specialization.
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Creatures of this sort inhabited the tropical forests of & circumpolar sea. for such
relics of an old land mass as now persist, specifically Greenland and Spitzbergen,
show from their plant fossils that such habital conditions did exist in early Eocene
time. No trace has been found, either of the insectivorous precursor or of the
primitive primates themselves, in this northern region, but here vertebrate fossils
are very rare. Their 51mu1taneous appearance in both Europe and South America
in Lower Eocene sediments is proof of their migration, not from either one to the
other, but from some contiguous and accessible area. [See Lull’'s Organic Evolu-
tipr: (1920) and his The Ways of Life (1925).1

The ancestor of man did not, it seems safe to say, develop his special
traits and structure while still 2 forest creature. Life in the trees tends
to over-specialization, and man is still a more or less generalized and
plastic organism. It was probably as a ground-ape that his higher de-
velopments occurred—-in a plain, or sparsely wooded area, either in Af-
rica or in Asia. To quote Professor Lull on this point (“Organic Evo-
lution,” pp. R57-258) :

If we seek for the arboreal ancestor, . . . we would not find him in sedi-
ments later than the Miocene, and [Joseph] Barrel was inclined to think that the
mumentous descent f1om Ure trees occarred as far back as Oligucene time [m
central Asial. During Oligocene time began a great crustal uplift, culminating in
the Miocene and leaving as a record of its occurrence not only the continental
elevation as a whole, but the initial growth of the Himalayas that were to cut off
the northern and central portions of the continent from the tropical Oriental realm
as we know it today. The ancestors of the four great apes must have made the
passage southward before the barrier wae prohibitive, but they left behind in the
primitive hame, among ather allied tyfies, the ancestors of man. The Miocene nplift
had a profound effect upon climate, especially in the induced aridity ; it also prob-
ably meant a diminution of temperature below that necessary to sustain the tropical

forests which primates love. [Cf. Gregory, W, K,, “Did Man Originate in Central
Asia?? The Scientific Monthly, May, 1927.]

Most readers will contede that Sir Arthur Keith is something of a
scientist. Yet he insists that “Darwin Was Right.” In his address of
August 31, 1927, as President of the British Association for the Ad-
vancement of Science (to be found in Little Blue Book No. 1299), this
eininent anatuinist aned anthiropologist said :

All the evidence now at our disposal supports the conciusion that man has
ariser, as Lamarck and Darwin suspected, from an anthropoid ape not higher in
the zoological scale than a chimpanzee, and that the date at which human and
anthropoid lines of descent began to diverge lies near the beginning of the Miocene
period. . . . Prolonged researchee made by modern psychologists have but veri-
iied and extended Darwin's conclusions. No matter what line of evidence we elect
to follow—evidence gathered by anatumlsts, by embryologmts by physiclogists, or
by psychologists—we reach the conviction that man’s brain has been evolved from
that of an anthropoid ape and that in the process no new structure has been intre-
duced and no new or strange faculty intcrpolated.

Passing from a British authority to an equally renowned American
expert, we find the followmg endorsement of Darwin’s surmise that
man passed through a monkey stage in his evolutionary development.-
Prof. W. K. Gregory, of the American Muscum of Natural History,
and professor of Vertebrate Palacontology in Columbia University, tells
us that, “starting from aboreal tree-shrew-like forms, the primates passed
through a stage not unlike the lemurs in many general characters, par-
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ticularly of the brain and skeleton, that they then went on to the primi-
tive monkey stage and then, progressing through an upright sitting stage,
gave rise to the pro-anthropoids, which in turn gave rise to the diversely
specialized recent anthropoids, and to man.”

In discussing the extensive embryological researches of Prof. Adolph
H. Schultz (of Johns Hopkins University), Dr. Gregory says that his
results “even suggest that man diverged from the gorilla branch after
the separation of the chimpanzee and that thereafter the gorilla and man
rapidly hecame extremely different, the former becoming quite secondar-
ily a great-jawed, gigantic quadruped, the later, a weak-jawed biped. The
characters of the brain, ear, ete., are in harmony with this view.” (Sce
Gregory, “How Near Is the Relationship of Man to the Chimpanzee-
Gorilla Stock?”?, The Quarterly Review of Biology, December, 1927, pp.
5149-560: and Schultz: “Fetal Growth of Man and Other Primates,”
The Sun. Jour. of Biol., Oct.] 1926, pp. 465-521.)

In attributing to the human stock so late a divergence from the an-
cestral anthropoid—or possibly gorilloid—stem, Dr. Gregory diverges
widely from the more recent conclusions of Prof. Henry Fairfield Os-
born, honorary curator of vertebrate palacontology and president of the
American Museum of Natural History ; also rescarch professor of zoolo-
gy, Columbia University. Dr. Osborn, in 1987, separated the Hominidae
(human family) from the Simiidae (ape family) as far back as Oligocene
times, a period when no man-like apes existed, su far as the [ossil evi-
dence goes. This scheme would give man and the higher apes a corhmon
{“monkey”) ancestor, just as much as would the family tree of other"
(nearly all other) zaolagists: but it makes man appear to be Jess closely
related to the existing four man-like apes. In a sense, it makes man more
closely related to the monkeys. Instead of héing called the Dawn Man
Theory, it should be called the Monkey Theory; since at the supposed
stage of divergence the great apes had not been evolved. The only dif-
ference between the generally accepted theory and Oshorn’s hypothesis
is that the Hominidae are given a longer perind of independent evoln-
tion. But if this new hypothesis is well-founded, how shall we account
for the close anatomical and physiological relationships of man and the
chimpanzec and gorilla—and, we might well add, the gihhon and the

orang?

Gregoty himself suggested that some of the characters common to
man and one or more of the anthropods might be due to what is known
in zoology as “paralielism.” or the independent acquisition of similar
characters, due to equivalent environmental conditions and incident re-
quired adaptations, after the divergence from 2 common stock.  Rut such
a conclusion could be hased only upon pure (though perhaps reason-
able) assumptions. hence the burden of pranf would rest upon those
who would make bold to class all of the many close agreements or re-
semblances as “‘parallel” developments, rather than regarding them as
inheritances due to a common ancestor possessing the more highly de-
veloped similar structures and characteristic physiological traits and re-
actions. But further discussion of this aspect of the problem must be
deferred until Jater scctions of this volume,
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Fnough has been said, I believe, to show that there is something
wrong in the statement 50 frequently reiterated in press and pulpit and

in the lecture hall, that “real scientists” do not claim an ape, or “monkey,”
ancestry for the human family. And yet even the disavowers frequently
wind up by offering the evidences for man’s simian ancestry!

After much reading, one finally discovers that what the “recon-
cilers” really mean is that “no scientist” claims that man is a descendant
of any of the living anthropoids, or “monkeys”—whatever they may
mean by this latter term. Bute&very scientist today knows that the four
great anthropoids were descended from some stem form between the
insectivorous, generalized mammals of the Cretaceous period, and a form
not far different from the earliest Eocene lemuroids, or perhaps, tarsioids,
these in turn giving rise to the “monkeys,” or proto-anthropoids, and so
on, 1o the true anthropoids and primitive man (Eoanthropus)—the real
“Dawn Man,” the Greek term significs—or a form close to the carlicst
completely human forms. The four anthropoid apes and man have had
as immediate, and common, ancestor a crcature not far removed struc-
turally from themselves—that is to say, the immediate ancestor of man
and the four great anthropoids was a very man-like ape, differing in no
profound essentials from what the branch that was to become man, as
we know him, was at that time., In that far-off past the gorilla and
chimpanzee and man were so much alike in physical aspects that they
would all have been classed—even by a Fundamentalist Linnaus or
Cuvier—as apes, if any scientist had been living at the time to make such
a generalization !

Gne branch of these primitive anthropoids was destined to develop
the characters and potentialities that resided in all of them, circumstances
favoring such a development. Circumstances (increasing aridity and loss
of forest area) thus favored only one branch—the to-be human. One
of the descendants of the so-called human branch of these apes is writ-
ing these lines, and is perfectly willing to agree that he is a more or less
highly developed ground ape!

When I study the anatomy and physiology of the great apes uf Luday
it is perfectly clear to me that the ancestor of all of us was made more
or less “in the image” of some ancient generalized ape, not far different
in appearance from the modein gibbon,  All zoulugists toncede that the
human race had its origin in some primitive mammal of Cretaceous
times. But no scientist can draw us successive pictures of an advancing
form leading eventually to Genus homo without drawing a few monkey-
like forms, leading to higher ape forms—mnof to man first, not even to a
“dawn man” of Oligocene or Upper Miocene times. (Read in this con-
nection Prof. Gregory’s “Mongolian Mammals of the ‘Age of Reptiles’,”
Scientific Monthly, March, 1927, pp. 225-235.)

I should be curious to know how the “anti-monkey” palacontologists
would classify this queer non-ape ancestor man. Would it be a human
being, or a plain, every-day ape of a given geological period, with cer-
tain human-like attributes? Would this creature not be just about
what scientists call the “stem-form” of man—and also of the four man-
lilke apes? If not, how would it be classified? Will some “conciliator”
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please explain how we can, even in imagination, skip the “monkey stage,”
somehow advancing from a lemur to man without ever passing through
an ape ancestry?

Now, we have a right to ask of the vertebrate palaeontologist and
the comparative anatomist to describe to us the external appearance and
the intimate anatomy of this supposed predecessor of the (hypothetical)
“dawn man.” who was noi a descendant of any branch or monkeys or
apes.  (ln technical terminology, a “monkey” means a primate beiow the
anthropoid ape stage.} Again, we wanl (o know how it so happens that
all the primatc fossil remains so far discovered lead directly up to the
stem form of man and the anthropoids, instead of to a pre-human form
not directly related to the four anthiropoids and man.

As a matter of fact, there are no legitimate answers to these gues-
tions, and none has ever been ottered. What we get in the way o1 an
answer is mus or luss dever cvasions, never a direct, straightforward

feply.

-The truth of the matter is, as every competent scientist knows, that
man himself is, as I have said, an anthropoid ape. He is simply a fiftk
genus of anthropeid—or, as Shipley and MacBride very succinctly and
honestly put it, “man is a ground ape” (Zoology, p. 714, 4th ed.).

Yet, in spite of all his inexpressible cruelties and imbecilities, man
must be accorded the description, “a glorified ape.” The fact that most
men, in comparison with the best of men, do not seem to be very much
“glorified,” does mot refute the fact that, as compared with even the
highest anthrapoid of the other four genera, man is very much glorified
indeed,

Now it remains (o prove, by all the available evidence, that what 1
have just said is irrefutably true. This evidence I purpose to set forth
in the pages following.

Perhaps the question will arise in the reader’s mind, “How does it
happen that we who have read the writing of the world’s greatest scien-
tists have not met with some of the statements presented in this hook £

As a matter of fact, if the reader of this volume has really read
even a small part of the work of the greatest living scientists, he has
read exactly the same conclusions that I have just adduced ; only, in some
cases at least, the straight truth has been smothered under a veil of
technicalities, in order to avoid “hurting the reader’s feelings.” In this
work I am not in the least concerned with the reader’s feelings, I am
appealing to his or her mnteliigence. to the minds of men and women who
are able to look Reality square in the face without flinching. The facts
I am presenting are not for those who mistake emotions for thoughts, or
egoistic resentmient for reasoning. Most “hnmans” are, nmhappily, like
this. But there is an appreciable minority of us anthropoids who have
developed sufficiently to want to know the facts in evidence, no matter
what our traditional emotions about the subject may chance to be.

1 do not wish to imply, however, that “soft” methods of approach are
not at times, and in certain circumstances, needed. All I contend is
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that realistic methnds are also needed. “Popularizers” are, I think, abun-
dant cnough, What we most rcquire at present, as L see it, are a few
more straight-from-the-shoulder ~writers, thoroughly acquainted with
their subject, who do not mince words or dodge issues. Such writers
can- hardly look forward to fame or wealth from their work; they must
be “born that way,” and willing to pay the price of their refusal to com-
rromisc. Fortunately, there are quite a few of them left—though, per-
haps, not enough of them.

Let us proceed now to the facts, bearing on this inquiry, derivable
from the various departments of natwal science.
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CHAPTER II
OPPONENTS OF SIMIAN DESCENT

the “anti-monkey ancestry” protagonists.
Although I have asserted that every competent zoologist
8 and anthropologist of today teaches in effect, if not in so many
words, that the remote ancestors of man were, as members of the same
Order of mammals (the Primates), first lemurs, then successively true
monkeys, higher apes (authropoids), and finally maii hunsell, there ap-
[C))eal;'s to be at least one exception: appears to be. I refer to Prof, . F.

sborn, :

© On April 29, 192%, this renpwned palacuutologist and anthropologist

celebrated the 200th anniversary of the American Philosophical Society,
at Philadelphia, by renouncing—and denouncing—the ape-human theory
of descent, of which he had been for many years a very prominent advo-
cate. The ape theory, he told his astonished audience, should be aban-
doned. “I regard the ape-human theory,” he declared, “as totally false
and misleading,” and he added that it should be “banished frum vur
speculations and our literature”-—thus apparently endorsing the position
of the voters of Tennessee, Mississippi, and Arkansas, and the Text-
Book Commission of Lexas! .

Having cast aside as practically worthless -the grand results of
more than a century of painstaking research, we may “resolutely set our
faces toward the discovery of our actual pro-human,” non-simian, an-
cestors. These he referred to as “dawn men”—that is to say, the “pro-
human ancestors” of man were already wnen, though at the samc time
pre-human creatures. This imaginary stock, Dr. Osborn said, was
“neither hufnan nor ape-like,” but was nevertheless capable of transmit-
ting “certain- common attributes” of both apes and man tu “variously
branching races of human beings on the one hand and to variously branch-
ing races of anthropoid apes on the other.”” A remarkable power, one
would think! Though not ape-like, they could yet transmit to the ape
their ape characters—a rather novel conception of hereditary processes.

The ape-man theory having been verbally abolished, one is almost
startled to read the paragraph which follows, to-wit:

In this very ancient {but non-existent!l man-ape stock (Anthropoidea). re-
sided the affinity which survives today in all blood tests, in peculiar susceptibility
to or immunity from certain diseases, in resemblance of the haemgglobin blood
crystals, in the uniform division of the teeth to the number of thirty-two, in the
extension of the caudal vertebrae into a’ tai.I, {cversional bot.h in man and apes, and
in many psychic characteristics such as curiosity, fear, family protection, and cour-
age. It is not surprising that these and other common ape-human characteristics
have survived when we see similar surwvals among other animal stocks which we
fuow paited company milfiona of years ago.
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It would, indeed, not be surprising that “these and other common
ape-human chatacteristics” should stirvive if our ape ancestor had not
just been abolished, and a mysterious Dawn Man, “neither human nor
ape-like,” been put in his place. One cannot but wonder if the hypotheti-
cal “dawn men” had ancestors of their own; and if so, whether they
were ape-like, of simian descent, a product of “monkey” evolution, or
whether, like Topsy, they “just grew.”

Granted, for the sake of the argument, that the “prologue and the
opening acts of the human drama occurred away back 16,000,000 years
ago in the Upper Oligocene period,” this extension of the time period
does not in.the least make it unnecessary that the fancied dawn men
should have had a pedigree. We should like to be told something as
to their zoological status and their taxonomic position in the evolutionary
scale before they becdme “dawn men.” If these ancestors of ours could
properly be classed neither with the Simiidae nor with the Hominidae,
nur yet with the Hylobatinae (gibhon family) surcly they could still be
grouped with the Primates ; we could not conceivably exclude them from
this Order. Since no other families of Old World—dare we say apesP—
are known, we arc logically compelled' tn derive the generalized “dawn
man” from anthropoid ancestors, which at once restores “the Haeckel

ape theory™!

Parenthetically, why the “Haeckel ape theory”? Had not the
great Lamarck advanced the “ape theory” before Haeckel was born?
And to mention onlv one other thinker, did not Lord Monboddo. in
his “Origin and Progress of Language,” in 1773, maintain, as did
Darwin in 1871{ that man descended from the apes, and that Africa
was his birthpldce?

. QOsborn tells us that “when [italics mine] we at last discover one
of our pro-human ancestors in Miocene or even in Oligocene time,
the human characteristics will be found plainly stamped on this an-
cestor.” Possibly; but no more, perhaps, than they are. plainly
stamped on the baby gorilla, if as much. At any rate, it would appear
to be more in harmony with scientific method to describe this dawn
man after he has been found, or at least to hold on to “the Haeckel ape
theory”—which is at least based upon tangible evidence—until we can
find a better basis for our conclusions than a product of the imagination.

When we speak of the common ancestor of the apes and man as
an ape, we do not think of an anthropoid closely resembling either man
of today qr the anthropoids now living. If some persons do, they do
_s¢. without warrant in fact. Nor can we truthfully speak of this com-
inen ancestral form as an ape-man. Personally, I do not know of
any scientist who does. An “ape-man” would alréady have passed
onwatd and upward from the generalized common ancestor of an-
thrupoids and man es we know them today. [ therefore concede Os-
born’s point when he states (as it seems to me, superfluously) that:

It is no more proper to speak of the common ancestor of the apes and of
tan as “ape-man” than it is to call the common ancestor of the horse and the ass
an “ass-horse” [“Recent Discoveries Relating. to the Origin and Antiquity of Man,”
‘Amierlcan Philosophical Soclety Proceedings, Vol. LXVI, 1927, p. 384).
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But we can and should speak.of the very ancient common ancestor
of modern man and the living anthropoids as an ape. The term “mon-
key” should be reserved for the lower type of Primates (but above the
lemurs). -

Osborn himself, in the address just quoted, says: *I agree with
my colleagues that man passed through an arboreal stage, but 1 be-
lieve that this stage did not progress so far as to carry man into a
stage approaching that of the anthropoid apes.” No, not if by this
he means one of the great anthropoids of teday—the highly specialized
products of 16,000,000 years of forest experience.

Note that in the passage just cited, Dr. Osborn acknowledges that
the remote ancestors of man were arboreal animals below the anthropoid
stage. Such could be nothing else than monkeys or apes below the

stage of development later to be attained as man-like apes. He prefers
to call the moure advaunced apes “dawn mwaun”—that is all.

In The Scientific Monthiy of May, 1928, Professor Osborn tells us
that his Dawn Man Theoty of human descent may be expressed as fol-
lows:

Man sprang from partly tree-living (arboreal), partly ground-living (terrestrial)
higher primates, of the kind known as “anthropoid” because of their nearer re-
sembiance to man than to the monkeys, baboons, and lemurs, The fingers of the
ancestral hand were broad and separated, the thumb well developed, with grasping
power; the toes of the ancestral foot, on the contrary, were brought together; and
the big toe was slightly separated. Thus in both the hand and foot these pro-buman
anthropoids were adapted both to tree and to ground progression. Neither hand
nor foot was so far specializerdd for extreme arhoreal lite as ta be disabled for an
early tool-making power of the hand and for nearly bipedal and cursorial power
of the limbs and feet. Similarly, the pro-human brain conserved the alertridss. of
all smaller primates in the terrestrio-arboreal stage but retained the potentiality of
directing separate motions of the fingers and thumb in shaping defensive and
offensive weapons, and the potentiality of directing rapid motions of the limbs and
feet in bipedal, cursorial life, defensive and offensive,

This theoretic picture of adaptation w habit in our Dawn Man and pro-Dawn
Man ancestors is, in my opinion, largely sustained by the embryonic, the foetal, and
the aduit structure of the human hand and foot. These prenatai locomotor vrgans
afford evidence of arboreal adaptation far antecedent to the highly specialized
brachiating or limb-swinging hand and limb-grasping foot of the anthropoid apes.
In other words, accerding to the Dawn Man theory the human family branch
scicntifically known as the Hominidae has since Lower Miocene and perhaps Upper
Oligocene time been independent from the ape branch known as the Simdidae or
snug-noscd primates; The innumerable resembdlances between apes and .man .in
functional, anatomical, psychical, and physiognomic characters are, by the -Dawn
Man theory, interpreted partly as parallelisms or convergence and partly as herjtages
fruns o vosnmun stack tochnically fmown as the primate Qrder Anthrepoiden.

Hardly a mortal blow to “the ape-man myth!”

Seon after Dr. Osborn had demolished the “ape-man myth,” in 1987,
the Fundamentalist orators were rejoicing over ‘Mr. Austin H. Clatk’s
repudiation of the theory of evolution as understood by the world of
science; That eminent biologist, the late Rev. Dr. John Raoach Straton, of
Calvary Baptist Church, New g,ork, was “glad to hear a reipomsible
scientist tell the truth for once.
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In a very remarkable paper contributed to. The Quarterly Revirw of
Biology, December, 1928, Mr. Clark, a member of the staff of the
Smithsonian Institution whose specialty is marine biology, though he
has done work in entomology and ornithology, told the scientific world
that all the talk about man’s derivation from an ape-like ancestor was
in no way supported by the evidence. Man first appeared on the earth
just as we see him today, and there are no such things as “links,” miss
ing or found. '

More recently (September, 1929), Mr. Clark has favored the ex-
perts in palaeontology, morphology, etc., with another outburst of bio-
logical genius, contributed this time to The Scientific Monthly, the title
being, “Dead versus Living Men.” Here we are assured that “man
never was arboreal, and none of his ancestors was ever arboreal . . .,
Man never was a monkey.” Apparently, he just made one grand jump,
saltation, ur muration from “‘the same general stock as ibat which pro-
duced the monkeys”—nn “missing links” being indicated.

Mr. Clark declares that he is not an anti-evolutionist. His theoty,
he assures us, 1s, rather, “a harmonizing of previous theories,” not a new
idea or system. By which he means, apparently, that his ideas,combine
the Biblical doctrine of special creation and the modern theory of evolu-
tion—albeit a much restricted conception of evolution. Man, as such,
it would appear, had no anthropoid ancestry; hence the human family
does not fit in with any evolutionary scheme. Man must, therefore, be
a product of “special creation”—whatever that may mean.

And this is likewise true, Clark tells us, of the major groups of an-
imals, past and present, in respect to which “the creationists seem to
have the better of the argument.” ‘“There is,” says Mr. Clark (I am
quoting from his article, previously cited, in The Quarterly Review of
Biology), “not the slightest evidence that any one of the major groups
arose from any other. Each is a special animal complex related, more
or less closely, to all the rest, and appearing, therefore, as a special and
distinct creation,”

That is to say, for example, that the Amphibia could not have been
derived from any species of tish; that the Amphibia in turn could not
have given rise to the Reptilia, nor the latter to the Mammalia. And no
generalized ape of long ago could gradually have evolved into primitive
man,

As for the Darwinian phylogenetic tree of animal life, leading from
moneron to man, through the billion ycars or more ol geologic time, this
concept must be ahandaned—presumably in favor of Clark’s own
startling hypothesis. In short, there has been, according to his theory,
no linear descent from ‘the lowest living being—sumne ancient one-celled
plant or animal form—on upward to the higher types. Each of the
larger, or major, groups of animals appeared, from the beginning, just
as we see it today, as if specially created, once for all,

“But,” says Mr. Clark—and now he speaks as an evolutionist—
“Within each major group we see a very different picture. Here the
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foasil record shows a constant change from one horizon [deposit or layer
of carth] to another. These successive variations ar€ probably simply
indications of a direct response to physical alterations in environment
favoring now one type or subtype, now another,”

Here we have an evolution by tere chance, not by special creation:
“This continuous altcration in the elements within the various groups is
what is commionly known as evolution.”

This cvolution within each major group (Phylum?) of animals,
Clark goes vil w say, is best illustrated in the vertebrates, especially in
the reptiles and the mammals, through many millions of years, as re-
vealed in the geological records of the earth’s strata. “Here we can trace
the gradual development from comparatively insignificant beginnings to
a wonderful flowering of specialization and perfection.”

In this statement, Mr. Clark. is of course in agreement with all
other scientists of today. It is a matter of fact, not merely ot theory,
that the wwost primitive reptiles first appear in the rocks which were laid
down, under water, as sand and mud, toward the close of the Carboni-
ferous period. According to the now generally accepted estimates, this
period game to an end some 189 million years ago. Then followed the
Mesozoic Era, which lasted about 150 million years—plenty of time for
even reptiles to evolve in! ’

But where did the original reptiles come from? Had they no an-
cesturs?  According to Clark’s theory, cither the first reptiles “just were
there,” or they were “created” out of hand, as it -were. Between one
major group of animals in the ascending series and the next higher the
laws of nature were, apparently, suspended, and superseded, for the i
heing, by a magical process, unknown tu science, called cuphernistically
“special creation.”

The scientists of the world today have hefore them what they re-
garded as conclusive cvidence that the reptiles werc derived from the
Amphibia, and the carliest mammals {rom a certain group of mammal-
like reptiles. Another group of reptiles, hird-like in structure, is con-
sidered the ancestor of the Aves; and the evidence on which this con-
clusion iy based (even fossilized lLiansition forma having heen discov.
ered) is, to all but one or two living men of science, overwhelmingly con-
vincing.

Mr. Clark, as we have seen, says that he believes in evolution within
cach major group of animals, but denies (to pass to a problem of more
immediate interest in this volume) that man was derived from some
ancient, gencralized, anthropoid ape. He uses the word “monkey,” but
this is a lerm employed by scientists in reference only to the lower forms
of the Primates.

Now, if Mr. Clark (as he himself assures us) believes in evolution
within each major group, one might welt ask how he arrives at the con-
clusion that man is not genetically related to the great apes. If such
major groups as the Coelenterata, Vermes, and Echinodermata are gen-
etically refated, and the higher reptiles are descendants of the lower,
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how can it rationally be asserted that the Primates-—morphologically and
physiologically quite as closely akin as the various families wuony the
Reptilia—are not genetically related? This question is especially per-
tinent with regard to the zoological status of the three great anthropoids
(chimpanzee, gorilla, orang) in relation to the greatest of all Simians,
proud Man. :

Mr, Clark is quoted as having told a staff correspondent of the
United Press that “there is no evidence which would show man develop-
ing step by step from lower forms of life. There is nothing to show
that man was in any way connected with monkeys.” He then added the
following astonishing statement—a statement that proved to be as star-
tling to the scientific world .as to the general public, coming as it did
from a government biologist :

Man appeared in the Pliocene Age, jnst preceding the Tee Age  He appeared
suddenly, and substantially the same in form as he is_today. There is not the
slightest evidence of his existence hcfore that time. Ile appcared able to walk,

able to think, and able to defend himself., There are no such things as’ “missing
links.” Miseing links are misinterpretations. Tossil skulls, which have been dug
up, have been advanced as missing links, showing connection between man and
monkey, but they have all been shown as misinterpretations.

Let us now examine this peculiar statement somewhat in detail.

That man appeared in the Pliocene Period is true—the period pre-
ceding the Pleistocene, or Age of Ice, as it is sometimes called.  (‘The
Jce Age was not, as many persons still believe, a continuous cold period.
The ice sheets appeared and retreated at least four times during this
period, between which ice invasions long warm periods prevailed. The.
Glacial Epoch, with its interglacial warm climates, lasted for about a
million years, the last invasion of England, France, Germany, and the
United States terminating about 18,000 years ago.) The preceding
Pliocene Period lasted for about six million years, ending about a million
yearsdago. We are now living at the beginning of another interglacial
period.

Mzr. Clark does not tell us whether he thinks man appeared at the
beginning of this long period of time, or near the middle of it; or to-
ward its close. ITe does tell us, however, that man “appeared {in the
Pliocene] suddenly and substantially in the same form as he is today.”

Now, since no fossil ckeletons of man of this period have as vet
been discovered—only his hearth-fires and his tools—it is a fair ques-
tion to ask Mr. Clark how he knows what the form of man was in the
Pliocene, or that it was the same during all of this long period of six
million ycars as it is today.

Unless the Piltdown Man or the Java Man are of Dliocene uge, we
have not even a single fragment of the skeleton of Pliocene man. How,
then, can Clark know that these ancient human beings had the same form
as man of today? We know them only by the crude flint tools and
weapons they made, and by the fireplaces still to be scen in the Pliocene
strata of East Anglia, in south-eastern Britain, close to the shores of the
North Sca. Must we now add American Pliocene tuols?
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Tn our own conntry, certain very crude bone and other artifacts
have quite recently been found in Nebraska, New Mexico, Oklahoma,
and Texas, which may possibly carry us back to Middle Pliocene times
—the Nebraska relics, at least, proving that some sort of human beings
have lived in North America since about three million years ago. (See
Maynard Shipley, “Amcricans of a Million Years ago,” Little Blue Bool
No. 1825, pp. 4-8; Ilarold J. Cook, “New Trails of Ancient Man,”
Seientific American, August, 1927, p. 115; The Scientific Monthly, May,
192%, pp. 477-418.) Will Mr, Clark tell us that these men were sub-
stantially of the swine form as man of today, or evén as man of East
Anglia approximately one million years ago?

As a matter of fact, the earliest, or oldest, complete or nearly com-
plete skeleton of a human being so far discovered carries us back to a
perind of only some 30,000 vears agn. And this specimen had hy no
means the appcarance of modern man. It belonged. indeed. to a differ-
ent species of human being {Neanderthal), still retaining in its anatomy
some strikingly ape-like characters never found in modern man. Many
ulher sheletons of the Dlcistocene, or parts of skeletons—dozens of them
—have been discovered, including a number of fairly complete skulls
and sketetons. These fossil relics are of the races grouped under the
name “Neanderthal,” from the locality where the broken and scattered
skeletal remains of this type were first discovered. This race was domi-
nant in Furope and Asia passibly in Africa too—for an unknown periad,
but completely disappeared svme 25,000 ycars ago. We know precisely
the physical aspect of these Neanderthal men, But the Pliocene man of
Ilast Anglia and of Nebraska lived hundreds of thousands of years
earlier. What does Mr, Clark know of their anatomy or of their stage
of mental evolution? Obviously, nothing, excepting that they made
crude tools of bone (harking back to the Nebraska artifacts).

It is quite possible, and some geologists and anthropologists think
it highly probable, that the primitive skull found in Sussex, in 1911,
known as the Piltdown Man (Eocanthropus), belonged to the Plincene
period. If so, he may have been a contemporary of the Foxhall flint
waorkers of Tpswich. The Foxhall industry is not so old as that of the
Bramford quarry, alsu of Ipswich; but these Foxhall and Bramford
weapons and implements were found in what competent geologists re-
gard as Pliecene strata-——but are much later than the Nebraska bone
artifacts—perhaps a few million years later!

Now, if Mr. Clark is of the opinion that the Piltdown Man of
Sussex is of the same species of Genus homo as modern man, and was
of the same form and aspect as man of today, it Is just as well that he
did not elect anthropology as a major study! He should stick to cri-
1wids, on which invertcbrates he speaks with authority.

As a matter of fact, the skull of the Piltdown Man—as also of the
Trinil Man of Java—is so divergent from that of modern man that
some authorities do not regard it as at all likely that this race is in the
direct line of ancestry of our own species (humorously named homo
sapiens), but think that it is rather a side-line, or-branch, of the human
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family tree. 'We have so far only a few fragments of this type of man,
He is remarkable for his likeness to the chimpanzee in respect to the
lower jaw and front teeth, while the shape of the chin is unlike that of
man but is almost identical with that of a young chimpanzee, The
canine teeth are much larger than those of modern man, and the canine
of the lower jaw interlocks  with its opposing teeth, as in the apes. But
two of the molar teeth, which still remain in their sockets, are distinctly
human in form and structure. A skull which somewhat approaches the
Piltdown type was found in a river deposit at Talgai, in QQueensland,
Australia, But the Java Man is still more widely divergent from man
as he is today.

By the Java Man I mean, of coutse, the famous non-missing link
found near Trinil, Java, and named, by the discoverer, Pithecanthropus
crectus. The skull-cap of this specimen is indeed so nearly akin to that
of an ape that it is difficult to think of it as having ever covered even
the most primitive human brain. But the thigh bone and a few teeth
found in the same stratum (and therefore of the samie geologic age)
are apparently those of a human being, despite the low development of
the associated skull. There is no good rcason to doubt that these fossil
remains once belonged to the same individual who functioned under that
flat, ape-like skull-cap. The creature stood fully ercet, as attested by
the long, straight thigh-bone.

Recent evidence indicates that the various species of early man did
not all develop the parts of the body uniformly in the direction of mod-
ern man. In some fossil specimens, as in the case of Eoanthropus, the
skull and brain developed in advance of the jaws and teeth, which re-
mained ape-like; in others the contrary was the case. In all of the
older specimens, the parts of the brain which were best developed were
the centers in control of mere animal activities ; while the fore-brain, the
parts of which are highly developed in modern man, having to do with
what we may call intellectual or reasoning processes, remain relatively
undeveloped, no matter what the size of the brain is as a whole. The
Neanderthal race, or races, had a large brain: but hardly any forehead,
and no true chin, with ape-like jaws and mouth—almost a muzzle in
appearance. Neanderthal Man could not stand fully erect, his thigh-
hones heing eurved forward, and the head and neck habitually bent into
the same curvature as the back, as in the anthropoid apes, particularly the
chimpanzce.

The Cro-Magnon race which succeeded the brute-like Neanderthals
in Europe, some 25,000 years ago, probably as immigrants from Asia,
had large brains with a splendid frontal development. In this fine race
we meet for the {irst time men uud wowen who were pliysically, ad
perhaps mentally, the equal of man of today. They were the culminating
point in the physical evolution nf man, the product of millions of years
of human development. A million years, approximately, had passed
between the time of the carliest tool-makers of Fast Anglia and the
apparently sudden appearance of these cave-artists in France and Spain.
Geologically speaking, as time is measured by the palacontologist, this
race belongs rather to our own times than to those of the Pliocene Man
of Sussex. Compared with the remote period of the latter, the Cro-
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Magnon race lived but as yesterday! They, and they alone, of all the
very ancient 1aves whose fossil remains have thus far been discovered,
were “substantially” the same in form as man of today.

But we are not wholly dependent upon the mere chance of finding
fossil hurnan remains herce or there in order to trace the origin and evo-
lution of the human family. There are many other lines of research
that point unerringly to man’s simian ancestry—evidence which the
immortal Charles Darwin was first to assemble and interpret correctly.

Since Darwin’s death in 1882, tens of thousands of facts unknown
io that great naturalist have been discovered and made available to stu-
dents. These data are cqually available to Mr. Clark; but he scems to
have preferred to ignore the major part of the most important facts
available to him. Or perhaps he is not acquainted with the now over-
whelming cvidetice for evolution, and against special creation, whether
as “major groups’” or as “each after his kind.,” There is no more evi-
dence for special creation than there is. for special destruction. Yet, in
tiis desire, apparently, (o veconcile the ancient myth of special creation
with the results of modern research, he tells us that man appeared on
carth substantially as he is today, “to all intents and purposes a product”
of that same utterly unproved special creation!

Now, man could have appeared on earth substantially as he is today
only by magic, and science knows nothing about the art of magic, white
or black. If Mr, Clark’s ideas are correct, then we must envisage a most
remarkable cvent, occurring in the carly Pliocene Period. No man-like
ape or ape-like man roamed the plains or dwelt in the forests. No
creature even approaching the status of man existed, for, says Mr. Clark,
“there are no missing links,” no transition forms from the higher apes™
to the lowest humans,  Those we have discovered are only “misinterpre-
tations.” Then, mayhap on a bright sunny day, or perhaps during a
thunder storm, with lightning flashing and winds driving heavy sheets
of rain—lo! there stand a man and a woman, just as they are today!
Poor orphans—no father, no mother, no ancestors, no tribal elders to
teach them the ways of nature and the art of living as human beings:
there they stand, “to all intents and purposes a product of special crea-
tion”—in other words, of magic!

A beautifdl picture-book story for infantile minds, Beautiful, but
as yet incomplete. Mr. Clark neglected to add the approaching stork
with a more diminutive “special creation” wrapped up in a napkin!

Surely this new theory should appeal to our friends of Funda-
mentalist persuasion, who will not divine its anti-Genesaic implieations
and its involved doctrine of chance “creations”. Dr. Straton, as we have
seen, has already honored Mr. Clark with his endorsement. “The whole
evolution propapanda is the mast gigantic bltuff in the history of the
human mind.” he pronounces further, Why talk of evolution when we
have been told by some unknown poet of the Orient that man was
]speciglly created from a lump of clay, and woman fashioned from a
one ? :

The world of science now waits with bated breath for the verdict
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of those other eminent authorities on evolution, Billy Sunday, W. B.
Riley, and Aimee Semple McPhercson!

In his excellent book, “The Stream of Life,” Prof. Julian S. Huxley
remarks on the curious psy chological fact that so much absurd prejudice
has been aroused by the discovery that man has evolved from an ape-
like ancestor. That man could have achieved as much as he has, from
such a beginning, is most encouraging. For such an origin implies that

man advanced during his evolution; whereas, for instance, the beliefs of the ancients
that men were descended from goda or dem1~g0d= or that in the beginning was a
golden age, or indeed the literal acceptance of the story of Adam and Kve and the
fall of man, all equally obviously 1mply that present-day humanity is degenerate
One would also imagine; especially in a democratic age, that what man is and may
become "would count for more than pride of ancestry. . . .

. Either Nature is meaningless, and the appearances which she thrusts beneath
our eyes are not facts at all but deliberate lies, or else man is more closely rélated
ta the existing anthropoid apes than ta any other creature, and at one stage in his
evolution had an ancestor who would have to be classified in the same group as they,

There are very many different lines of evidence that lead us logically
and inevitably to Darwin’s conclusion that, to quote his own words, “Man
is derived from some member of the Simiidae”—that is to say, some
member of the ancient anthropoid apes. One could all but prove men’s
kinshup with the higher apes, even with those still living, by comparative
physiology alone, or by morphology alone, to say nothing of palacon-
tology, or some other lines of evidence.

Mr. Clark, as we have seen, believes that the alternative to the spe-
cial creation of man is chance variation—an exaggerated case of the
mutation theory ot the great Dutch botanist, Hugo de Vries. But, he
says further, this mutation, or sudden transformation, was not from an
ape-like man, nor yet from a man-like ape. Such a view of evolution
can only land its author in logical absurdities.
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CHAPTER III

COMPARATIVE ANATOMY OF APES AND MAN

tS4E have just seen how Austin Clark, following Osborn’s lead.

9 has dogmatically asserted that man was never an arboreal
animal. (Osborn has lately abandoned his non-arboreal hy-
pothesis). For light on this problem we must go to the com-
parative anatomist. Ifor we have no fossil remains of the arms and
hands of the higher anthropoids, much less of their musculature and
visual organs with their attachments. But the surviving arboreal, or
largely arboreal, anthropoid apes we still have with us. Three of the
four man-like apes are still essentially tree-living creatures; but the
mountain gorilla, as proved by the lamented Carl Akeley, is t6 a great
extent a ground ape. (Dr. Harold C. Bingham, of Yale, sailed for Africa
in June, 1929, where he is making a first-hand study of the mountain

gorillas of Belgian Africa. Dr. Gregory, also, is there,)

Now, if man was once an arboreal ape, for even a relatively short
time—say a few hundred thousand years—he would still exhibit some
reminiscences (or vestiges) of this stage in his development, though
cscaping from a forest life early euough v avuid the over-specialization
(or adaptation) incident to millions of years of tree-dwelling. This is
what our greatest American authority writes on this aspect of our prob-
fem. Discussing “The Relationship of Man (o the Chimpanzee-Gorilla
Stock” (Quarterly Review of Biology, December, 1927, pp. 537-558),.
Dr. W, K. Gregory remarks:

The myology and osteology [study of the muscles and bones respectivelyl of
ihe whole pectoral limb [arm] of man constitute a veritable palimpsest, bearing
a clearly decipherable rccord, firat, of an carlier period when every bone and muscle
was adapted for the habit of supporting the body weight by the uplifted arms,
and secondly, of a later stage when the arms were no longer used for locomotion
but for the support and manipulation of objects held in the hands. Obviously it is
not necessary to inter that in the ancestral anthropoid the extreme specializations
for brachiation [swinging from limb to limbl had already taken place. Great
difficulty has been experienced from the fact that in modern man the arms and
hands are relatively shorter and the legs celatively longer than in modern apes.
This failure to realize that readjustments of proportions have constantly been taking
place, especially when profound changes of function were involved, thus leads to
the error of expecting a generalized ancestral stock to exhibit the specialized pro-
porticns of somé onc of its remote descendants. Also, Schultz has eited emhryo-
logical ¢wvidence tending to show that the lengthening of the legs in man is 2
relatively recent acquirement, perhaps correlated with the ground-living cursorial

habit.

As long ago as 1920, Professor Gregory (“Notharcius, an Ameri-
can Eocene Primate’) showed that at least as far back as Middle
Tiocene times (some forty million years ago) the arboreal stamp had
heen impressed upon the hind feet in the three dominant families of
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lemuroids and tarsioids in which these parts are known; and no pataeon-
tological or morphological evidence hias ever been brought forward to
prove the existence of any infra-human primates either of the Eocene
or of later ages that did not have clear marks of present or past arboreal
adaptations in the hind foot. That is to say, all families of the order
of Primates possessed a biramous, or clasping, type of hind foot, with
a powerfully developed great toe—“already foreshadowing the great
toe of man in its %asic anatomy.”

In his memorable address, “Were the Ancestors of Man Primitive
Drachiates ?’ read at the meeting of the American Dhilosophical Socicty,
Apri: 20, 1928 (published in the Proceedings, Vol. LXVII, No. 2), Dr.
Gregory showed that as we pass from the Eocene and recent lemuroids
and tarsioids to the South American monkeys, Old World monkeys,
anthropoids, and man,

we observe on the whole a progressive reduction in the prominence of the peroneal
[near fibulal process of the hallux [great toe] and @ correspouding improvement
in the ability to draw the hallux irom a position of wide divergence to a position
more nearly alongside the outer digits. Of course one might assume arbitrarily that
the series ran the other way, that the human foot is the most primitive and the
Eocene Notharctus foot the most advanced; but such an assumption besides being
dead against the palaeontologic recofd as it stands, must ignore all the other evi-
dence tending to show that the general progress in the evolution of the teeth, jaws,
skull, brain, reproductive organs and many other parts, has been from Eocene
lemureids to primitive monkeys to primitive anthropoids to man. In short, all the
facts known to me at the present time support the conclusions of 1916 to 1920
that the Primates as an order stand far apart from the terrestrial placental inam-

mals, that the biramous type of hind foot was first evolved in the very remote tree-
shrew-like ancestors of the primates in Upper Cretaceous times, that this biramous

hind foot became the starting-point for the extensive deployment or adaptive
radiation of the feet in response to the many different methods of locomation

assumed in lemuroids, tarsioids, New World monkeys, Old World monkeys, an-
thropoids, and mamn.

To come at once to the main issue, the human foot itself appears to bear
indeiible traces of remote arboreal origin. What other valid explanation has been
offered of the fact that in.spite of millions of years of later terrestrial adaptation
the foot of man is still from a morphological viewpoint distinctly biramous in the
arrangement of its musculature, in the length and dominance of the great toe, in
the presence of flat nails on all the digits, in the transmission of the weight of the
hady along two diverging streams. the scaphoid [boat-shaped] stream on the inner
and the cuboid [square] streamn on the outer side vf the foot? I therefore can find
no logical alternative to the conclusion that man like all other known primates is
a descendant of forms with a typically primate biramous type of hind foot which
was evolved during the cnormously long ages preceding the stage of terrestrial
bipecal progression. .

These facts certainly do not support the view of those biologists
who would seek to give man an independent, non-arboreal lineage. Dr.
D. J. Morton (“Evolution of the Fluman Foot,” American Journal of
Phlysical Anthropology, Vol. %, No. 1, pp. 1-52, 1924; and Vol. 10, No.
2, vp. 173-203, 1927), in particular, has forcibly shown the profound
agreement of the human foot with the brachiating anthropoid type.

For several years, Professor Osborn was strongly inclined to the
beliei that his hypothetical Dawn Man could never have developed the
brachiating habit and then escaped from it later on by the adoption of
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a cursorial terrestrial life. If I do not misinterpret his more recent
writings, he has retreated from this position. If the habit of brachia-
tion—a useful term introduced by Sir Arthur Keith—can produce cer-
tain anatomical adaptations, the habit of bipedal locomotion on- the
ground, if persisted in long enough, can effect even reverse changes, in
accordance with Anton Dohrn’s classic doctrine of “change of function.”
Dollo’s so-called “law of irreversible evolution” has its limitations.
There is no proof that the present foot of the chimpanzee or the gorilla
could not, in a million years, or less, become fully adapted to comfortable
terrestrial locomotion.  Osborn himself has recently delivered an address
on “The Influence of Ilabit in the Evolution of Man and the Great
Apes” (Bulletin of the New York Academy of Medicine, 2nd Series,
1928, Vol. IV, pp. 216-230), in which he declares that “Habit is king.”
He continues:

It is prolonged habit alone, aiter centuries aml thousands ot ycars, which

determines the rise and decling of parts, Fvery great group of animals, inc]udmﬁ
the anthropoid apes and man himself, tells this story. Man, particularly, molds an

modifies his form hy his habits, his mode of living: different races of man, through
prolonged and repcated choice oi one mode of life or another, molit their racial
anatomy. . .. The structure of apes, like the structure of man, is an intensification

and perfection of habit.

He then refers to the recent researches of Professor Morton, of
Yale, on the foot of the gorilla, where it is clearly shown that the baby
gorilla is born with what might be called an arboreal type of tuut, yel
“the adult gorilla, owing to his walking about on all fours, with his tre-
mendous weight on his feet, gradually loses the distinctively gorilla type
of foot; the big toe approximates the other toes, so that in the adult
gorilla the foot 1s much more human-like than in the young gorilla.”

The cast of the foot of a mountain gorilla secured by Akeley was
so markedly human-like that the late' Sir E. Ray Lankester refused to
accept it as genuine, not ever having scen the foot of an ape of this
variety before. But, conversely, the foot of a human foetus of the
ninth week, figured by Professor Schultz, recalls clearly the anthropoid
type in the wide divergence of its great toe from the others,

Quite contrary-to the views formerly (if not at present) held by
Osborn—Gregory, Keith, and Morton regard the habit of brachiation,
at least in its early stages, as essential to the progress of the ape toward
the human form. It is, they say, the only way of turning the vertebral
column at right angles to its former horizontal position and thus of
initiating the possibility of erect progression on the ground. But, re-
plied Osborn, brachiation leads to the reduction and loss of the thumb,
and since, as he then thought, evolution even in this respect is irreversi-
ble, and man’s thumb is not reduced, he canuot be derived from a
brachiating anthropoid. But Gregory was not so easily convinced. He
pointed out that the siamang’s thumb—the large black gibbon of Sumatra
—after millions of years of extreme tree climbing and swinging from
limb to limb, is well devcloped, and that the mountain gorilla’s thumb
is a powerful thongh somewhat short digit. He observes:
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Tt is only in the excessively specialized orang and to a less extent in the
chimpanzee that brachiation is associated with suwme reduction of the thumb. Thus
in this siamang [shown in his accompanying illustration] the thumb length is
56.6 per cent of the total hand length from the tip of the middle finger to the
proximal end of the palm, while in this orang the thumb length drops to 44 per
cent. In this man the thumb length rises to 67.7 per cent of the total hand length.

Now all admit that the thumb is a functionally dominant structure in man’s
hand and that its dominance is somehow connected with man’s increaced hrain pawer,
Has any valid evidence been presented against the view that man’s thumb, like
his brain and his great toe, has enjoyed both a relative and an absolute increase
in size? . . . In spite of the fact that the chimpanzee and the gorilla now wall
on bent knuckles, their hands arc unmistakably truc hands and not mercly front
feet; and the brachiating anthropoids are the only known primates which closely
approach man in this respect. And by as much as the human hand resembles those
of the brachiating chimpanzee and gorilla, internally as well as externally, by so
much does it differ from the hands of the primitive pronograde [flat-walking]
merkeys, either of the Old World or of the New World, In the foetus it is true
that the human hand is shorter than the gorilla hand, but that shows only that
many generic differences arise in the foetal stages, as modern embryvologists well
understand. . . . In fact the differences between the human hand and the
worilla hand arc far less profound than the diffcrences between the humau fuul

and the- gorilla foot.

(The reader who desires to know, in detail, the many peculiar and
significant morphological agreements in the anatomy of the hand be-
tween man and the chimpanzee and gorilla, and in uther parts of the
anatomy as well, would do well to consult Charles F. Sonntag’s great
work on “The Morphology and Evolution of the Apes and Man” [1927],
Conrributions to Embryology, No. 101, Vol, XIX, Carnegie Institution:
and Sir Arthur Keith’s paper on “The Adaptational Machinery Con-
cerned in the Evolution of Man’s Body,” Supplement to Nature [Lon-
doni, No. ®807.)

As previously remarked, no single specimen of the hands and feet
of man’s ape progenitors has so far been discovered, and so we have
no way of knowing the relative length of thumb and hand when he
descended to the plains as a ground-ape. But even if the thumb had
becowe relatively shortened, natural selection would have favored every
variation in the direction of increase in its length. Relying on the as-
sumed “law” of irreversible evolution, Osborn contended that the thumb
once shortened would not again gain its original length. But examples
of such reversible evolution are not wanting, as pointed out by Gregory.
He cites, by way of illustration, the harbor seal (Pkoca). In this mam-
mz] the forefoot has become transformed, by change of function, into
a flipper, as in the case of the whale and of a nuipber of marine reptiles
ni ancient days. DBut the point of special significance in the case of
Phoca is that the thumb is now Iar longer than the other digits, thus
scrving as a support to the border of the paddle. Similarly, in the hind
foct, hoth the great toe and the fifth digit have greatly increased in length
and strength.  On Osborn’s view, this lengthening oI a once short digit
could not have occurred, since it is an example of “reversible” evolution.
0Of course, it may be argued that we do not know the early stages in the
seal’s transformation from a land quadruped to the marine stage, no
fossils having been discovered so far to fill in the earlier palacontological
bistory. However, as Gregory points out: ‘
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The evidence from the hrain and many ather parts nf the.anatamy sufficiently
proves that the seals are descendants of terrestrial placental carnivores of normal
quadrupedal construction. But this in turn clearly implies that in the terrestrial
ancestors of the seal the thumb and great toe were shorter than the other digits,
as they are in all known carnivores. The “irreversibility of evolution” has there-
fore not prevented a profound remodeling and change of proportions in the relative
lengths of the digits following upon a change of function, In man the increased
lengthhof the thumb and great toe appears to me to be just as secondary as it
is in the seal.

If any part of man’s anatomy should bear testimony as to the possibility of
man’s origin from brachiating ancestors, it otight ta be his entire pectaral Timh.
In the brachiating apes the tore hmbs subserve primarily the function ot loco-
motion, but in man they serve chiefly for the manipulation of tools and weapons
and the ‘carrying of loads. Consequently whatever resemblances they may show
are in spite of different functions.

Gregory, Keith, and other high authorities have shown clearly that
man still retains in his anatomy and musculature, even in tha arrange-
ment of his viscera, the proofs of his former brachiating habits. (On
this point see, in particular, Keith’s important but rather technical paper,
“Man’s Posture: Its Evolution and Disorders,” British Medical Journal,
March and April, 1923).-

Keith has shown that when we pass from the monkeys to the gib-
bons, which are regarded as having a position at the basc of the anthro-
poid series, we find that this genus of apes has, cven without abandening
life in the trees, effected prafound readjiistments of the viscera and
skeleton to its habit of sitting upright and also to its need for an upward
extension of the arms and leaping from branch to brauch, or trece to
tree, sometimes covering a distance of 40 feet! Keith’s studies brought
to light the fact that, on the whole, the gibbon is nearer to man in this
internal readjustment to the upright position than it is to the lower
primates. When the lower primates leap or run they do so after the
manner of quadrupeds, the vertebral column being held neatly hori-
zontal. In the more ancient primitive forms, there has been found no
evidence of ischial callosities, hence it is reasonable to infer that they
did not customarily sit upright as do the monkeys and apes of the Old
World. The chimpanzec, whose ancestors were already a widespread
and numerons trihe in Miocene times, no longer holds its hody in »
horizontal position, and in sitting and squatting the backbone is rotated
upward at 90° to the primitive horizontal position and the head is com-
fortably balanced in this once difficult position,

It is quite possible, if not probable, that the direct ancestors of
man had never develnped hands and feet as well adapted to arboreal
life as were those of their forest allies. If this is true, it may have had
some influence, at least, in their more ready adaptation to terrestrial
life when the forests began to thin out, upon the approach of arid con-
ditions. A more or less erect attitude could readily have been established
-even during arboreal days, and the transition to ground life was un-
doubtedly at first a slow process, partially prepared for in advance.
Ground-living alone does not necessarily convert a primate, as such, into
a biped, or.even into a partial hiped. It might, under certain conditions,
have an opposite effect, as in the case of the bahoons. In the second
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chapter of his “Descent of Man,” in treating of man’s “manner of de-
velopment,” Darwin truly says:

As soon as some ancient member in the great series of the Primates came to
be less arboreal, owing to a change in its manner of procuring subsisteuce, or to
some change in the surrounding conditions [italics minel, its habitual mauner of
progression would have been modified; and thus it would have been rendered more
strictly quadrupedal or bipedal. Baboons frequent hilly and rocky districts, and
only from ncccssity climb high trees; and they have acyuired almwusl Lthe gait of a
dog. Man alone has become a biped, and we can, I thimk, partly sec how he has
come to assume his erect attitude, which forms one of his most conspicuous char-
acters, Man could not have attaincd his present dominant position in the world
without the use of his hands, which are so admirably adapted to act in obedicnce
to his will. Sir C. Bell insists that “the hand supplies all instruments, and by its
correspondence with the intellect gives him universal dominion.” But the hands

and arms could hardly have become perfect enough to have manufactured weapons,
or to have hurled stones and spears with a true aim, as long as they were habitually
used for locomotion and for supporting the whole weight of the bedy, or, as before
remarked, so long as they were especially fitted for climbing trees. . .. For many
actions it is indispensable thar the arma and upper part oi the body should be
free; and he must for this end stand firmly on his fcet. ... It accords with the
principle of the division of physiological labor, prevailing throughout the animal
kingdom, that as the hands become perfected for prehension, the feet should have
become perfected for support and locomotion. With some savages, however, the
foot has not altogether lost its prehensile power, as shown by their manner of
climbing trees and of using them in other ways.

I have myself seen an armless man play the piano with his toes.
But perhaps the most remarkable illustration of the prehensile powers
still latent in the feet of man is that afforded by Miss Martha Hale. a
graduate of the University of California, and now a social worker. She
was born without arrs, and taught herself to be self-dependent. During
the war she “did her bit” knitting socks. There was no one to tell her
how. She was obliged to knit them inside out, and they were accepted
by the Red Cross. If you happen to dine with her, she may slip her
feet from her slippers, pull back her stockings (which are slit the length
of her toes), and pass you the menu! To handle glasses and cups she
uses both feet, but she takes hold of sandwiches easily with two toes.
She undresses herself faster than many another woman, though it takes
her longer to dress than it does women who have the great advantage
of aims and hands. Books are as deftly taken from her bockcase as
anyone canld “piclk tham aut?  Tn chart, her fast now function ac hande
as well as locomotor organs, a striking example of the effects that can
be produced by habit (use) and change of function. Ina Hanson, a
young dancer, recently signed a movie contract with her toes. And she
has perfectly good hands.

As for the anthropoid apes, they ate now in an intermediate condi-
tion, but, as Darwin observed, “approach in structure more nearly to the
bipedal than to the quadrupedal type,” and “no one doubts that they
are on the whole well adapted for their condition in life.” Given man’s
stereoscopic vision, erect posture, and ability to grasp an object in his
hand and thus to examine and test it and to fashion tools and weapons
for ‘his own use, it is not difficult to account for his brain development,
and for his becoming earth’s dominant animal form. Here is something
to ponder on: Prof. A. S. Romer, of the University of Chicago, re-
marks: : '
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Suppose ourselves, for the moment, possessed of nur proper intelligence, but
having the body of a dog or that of a horse, Of what use would be man’s
superior intelligence if he were unable to make or use the simplest ferm of tool
or mechanism? . .. The difference which we may list between man and the higher
apes are differences which are almost entirely related to the erect gait of man upon
the ground and the mental development which seems to have arisen nearly simultane-
ously [“Evolution of the Vertebrata,” Chapter XI in “The Nature of the World
and of Man”l.

Prof. Thomas Cheny, of the University of Melbourne, made the
interesting stiggestion, a few years agn, that man may have found on
the seashore a proper environment for his further dcvelopment. The
recognition of shellfish as food demanded some intelligence, especially
the distinction between wholesome live molluscs and dead ones. To quote
a few points only:

This [unctivn, tugetlier witli the new uses for the hand and foot, wonld fiether
develop the brain, and thus the brain became the organ of survival-valuc. As the
shellfish could not fight or run away, therc was ro call to devclop great teetl,
swift legs, or any other organs of attack and defense. The sands are cleau, soft.
and free from insects, so that the new primate did not evolve callosities, nor did he
become immune to disease in the way that the lemurs and rhonkeys have donel 71,
Proto-man may have cracked shells with a stone instead of using his teeth. Sea-
shore food is nitrogenous, soit, nutritious, and requires little mastication. Man's
third molar is decadent; human babies can digest oysters, but not bananas, coconuts,
or the cereals, All these are facts, and there may be a causal relationship between
them.

Darwin noted that it was especially animals that lived entirely or
spent much of their time in the water that possess naked skins, e
surmised (Loc. cit.) <.

Whale and porpoises {Cetacea), dugongs (Sirenia), and the hippopotamus are
naked; and this may be advantageous to them for gliding through the water; nor
would it be injurious to them through the loss of warmth, as the species which
inhabit the colder regions are protected by a thick layer of blubber, serving the
same purpose as the fur of scals and otters. FElephants and rhinoceroses are almost
hairless ; and as certain extinet species. which formerly lived undér an Arctic climate,
were covered with long wool or hair, it would almost appcar as jf the existing
species of both genera bad lost their hairy covering {rom exposure to heat. This
appears the irore probable, as the clephants in India which live in clevated and cool
districts are more hairy than those ou the lowlands. May we infer that man became
divested of hair from having aboriginally inhabited some tropical land?

Darwin then brings forward some pertinent objections to the pro-
posed inference, and cites Belt’s view (given in the latter’s “Naturalist
in Nicaragua,” p. 209, 1874) that “within the tropics it is an advantage
to man to be destitute of hair, as he is thus enabled to free himself of
the multitude of ticks (acari) and other parasites, with which he is nften
infested, and which sometimes canse ulceration.””  The problem being
so obscure, the great naturalist falls back on his theory of Sexual Selec-
tion as the most probable explanation. The suggestion that peoples who
spend much of their time in salt water tend to be, or to become, in time,
relatively hairless, would seem to be worthy of further investigation.
But the question would at once become involved with the climatic factor,
for persons who live in temperate and colder climes do not spend much
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of their time in the water, fresh or salt. Are they more hairy—on the
average, than southernersr

Allusion has already been made to the importance of acute vision
to the apes and man. In all the orders below the Primates, the olfactory
organs play a most important part (birds excepted). They literally smell
their way through life. Hearing, however, is a close rival to the sense
of smell. To a trcc animal the problem at any moment is not su 1uch
“whe! 1s 177 as “where 1s it—in the tree or on the ground, and, in any
case, what is its position?” The problem of the distance to the next
branch becomes important ; and, in the case of the gibbun, particularly,
the strength of the distant limb must be estimated by lookmg at it, “sizing
it up,” just as man would need to do. Hence improvement in the organs
of vision and in the brain must go hand in hand.

In the lowest stage of primate evolution, represented by the lemurs,
the nose is still as important an organ in the ctruggle for existence as
the eye, The eyes in the primitive stage are directed outward and for-
ward. In the Tocene perfod there lived as an ally of the ancestral lemur
Notharcius a little primate whace faccil is known as Tetonius, the earliest
representative of the group. Tarsioidea, which has affinities with the
I.emuroidea, but is more advanced in several respects. Tetonius is re-
markable for its relatively large, rounded brain-case and a small face.
It possessed the largest brain relative to its weight of any lenown Eacene
animal., A close relative of this interesting little creature was almost
cert"mly the direct ancestor of the queer little nocturnal, monkey like
Tarsius spectrum, of the Sunda Islands (Malay Arch]pelago) This is
the same region in which the gibbon and orang are living, and where,
many thousands of years agn, Pithocanthropus evectus (the Java or Trme
Man) made his way along the Solo River. In Tarsius the Jarge eyes
are directed forward, as they are in a monkey or a human being: not
sidewise as in the lemurs. Ilere we meet with a creature possessed of a
zlose approach to binocular vision, the power to observe an object with
both eyes at once.

Sight has now for the first time (in the ancestral Tefopius) sup-
nlasited smell as a dominant sense. It is believed, however, that Tarsius
sannot completely focus its two eves on an object. hence is unable to get
the cense of depth (stereoscopic vision). It is, furthermore, believed
-hat Tarsius cannot make out the finer details of an object.

Nevertheless, Tarsiits resembles the higher primates and man more
an it does the I. emuraidea, showing important advances in the structure

ﬂ' the hrain, and of the external ear, and n the method of forming a
Jiswoidul (disk-shaped) placenla, xonncuiug it overy dosely with ﬂ)c
South /\mcrlcan Capuchin monkey. In the anthropoidea the orhit of
the eve is completcly separated from the temporal fossa by an inwardly
srojecting sheet of bone,  Tn Fersiuy the structure known as the post-
arbital har, while splayed out, does not quite prevent communieation
between the orbit and the temporal fossa; whercas in true monkeys,
wpes, and man, the orbit is completely shut off from the temporal fossa.
Of the original five bones around the eye, three (the pre-orbital, post-
frontal, post-orbital) had been eliminated by the time of the eatliest
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mammals, so that man and the apes inherit only two of the original five,
namely, the lachrymal and the jugal or malar (Gregory). ‘loday, so
far as is known, the eye of the lowest true monkey is as well developed
as is that of man. FHowever, see on this question Nadie Kohts, Repert
of the Zodpsychological Laboratory of the Darwinian Museum {In Rus-
sian), Moscow, 1921; or a German translation of the summary of his
report of 1923, published in Moscow. Mrs. Kohts experimented with a
young chimpanzee in an attempt to measure his ability to detect and
react appropriately to color, brightness, form, size, and number—the
most nearly complete study of the psychobiology of wision in an ape so
far made,
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CHAPTER IV

THE APE IN MAN

T is a curious manifestation of the average man’s slavery tu
W tradition and to his childish egotism, that while he may stand

;.‘4 ready to accept the statement of a competent authority that the
F8 higher apec were evalved from a lower form, hé becomes in-

dignant with foolish pride when told that Man himself has been evolved
from the same mammal root or stems as the higher apes.

He will, of course, also persist in contorting this perfectly clear
statement into the quite erroneous claim that evolutionists teach that
Man has developed from one of the species of monkeys seen in our
zoological parks.

On the other hand, we witness today a most deplorable lack of
candor on the part of many writers concerning man’s simian ancestry
—and, in the last analysis, monkey ancestry. This evasive, not to say
cowardly, attitude on the part of men and women who should and do!
—know better has not escaped the attention of the scientists of Europe.

In at least one of the text-books used in the secondary schools of
California the direct statement is made that “evolution does not teach
that man is descended from a monkey.”

As mentioned in my book of 1927 (“The War on Modern Science,”

Pp. 242-243), the question of endorsing certain science text-books used
in California was passed on, in 1925, by the State Board of Education,
to the presidents of nine California universities—six of them under de-
nominational contrul.  This wmuuucc appruved the books in question,
finding that they contained “no statements derogatory to the Bible,” the
writers having “taken special pains to assure the readers that th.am is no
conflict berween science and rellgion The word “Chrlsuamr} was
side-stépped,. but, doubtless, it was intended to imply that Christianity
is synonymous with “religion.” But it was found that all the authors
whose texts were examined showed “due respect and consideration for
the fundamental principles of religion, as presented in the Bible” (italics
mine).

As a matter of {act, it should be of no concern whatever to the
teacher of zoology whether or not the findings of science *harmonize”
with the mythology of the Lgyptians, Babyluniaus, Persians, or ancient
Hebrews. Our tax-supported schools are, legally at least, strictly secular
institutions, and their teachers arc not hired as apologists for Christianity.
The facts as now known lead inevitably and unequivocally to the con-
clusion that man was not created in the image of a god in a legendary
Garden of Eden, but that he is a product of millions of years of gradual
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evolution, from some generalized anthropoid stock. and, more remotely,
a “monkey” stock—however the word “moukey” may be defined.

It was highly gratifying to sce The Scientific American, in 1925, in
an cditorial signed by Mr. Albert G. Ingalls, come out in a straightfor-
ward manner on this topic. That Mr. Ingall’s still pertinent remarks
may reach a wider audience, I quote a few passages below:

Arc we always to go on compromising with expediency concerning what we
teach about man’s ancestry? Are the scorning shafts oi the I'undamentalists so
sharp that they drive us to refuge behind equivocation? Would the future right to
teach the truth about science be jeopardized by teaching now that man’s ancestor
was an anthropoid ape, and earlier still was practically a monkey? Must we, to be
specifie, go on asserting in lectures, in magazine articles, in popular primers of
science, and even in high school text-books, the technically true but decidedly mis-
leading catch phrase that “man did not descend from any known monkey, but that
man and the monkeys are only collateral descendants from a common ancestral
stem”?

True it is that man did not descend—could not possibly have descended—from
any of the living monkeys, and true it also is that both man and the living
wmonkeys descended from a common stem. These statements do not, however, come
near representing the whole truth candidly. The common .stem was itself like a.
monkey and later like an anthropoid ape.

However, it is difficult to pin down the loose term “monkey,” since few people
think of the same group of primates when that word is spoken. According to
the Century dictionary, the word “monkey” includes in its content all of the order
of primates except wman aud the lewwurs, we word “ape” agrees in its general
sense with the word “monkey,” but is more limited in its specific sense. In its
technical sense, prefixed by the word “anthropoid,” it has reference, usually, to the
family of the Simiidac, that is the gorilla, the chimpanzee, the orang, and the gibbon,

In any case, the question regarding which particular genus of the order of
primates any given person regards as monkeys—whether the Simiidae, which I find
is the mental equivalent of “monkey” in the minds of quite a number of people;
whether the baboons, mandrills, and macaques; whether the little South American
monkeys of the Italian organ grinder; or whether all of these primates are monkeys,
makes little difference in this consideration. Animals not wery widely different
from them—from the layman’s viewpoint—have undoubtedly had their place at one
time ot another in out ancestty, depending on how far back in time we proceed.

Were it possible for us to go hack a few million years and actually see onr mid-
Tertiary Period ancestors, we shoutd find no better, no more descriptive, popular
term for this “common stem” than ape or monkey. We might maneuver around
the use of the objectionable word by some more scientific term; but the fact would
still remain ‘that our ancestral animal had many of the charactersitics of the monkeys
oad anthropoid apes of our times,

Let us then be frank and not desigunate our ancestor by some misleading phrase
if we mean thereby to give the impression that the “common parent stem” was a
tauch more noble creatyre than the living apes and quite different from them. . . .
The fact of man's descent through several monkey-like. forms seems in-

escapable, . . .

Of this too reassuring pronouncement [of the California committee, cited by
me abovel, Nature, the well-known English scientific journal, rightly says, “It is
significant of the strength of the anti-evolutionary_movement in the United States
that this committee, the chairman of which is president of the University of Cali-
fornia, should endeavor to appease public opinion by its approvgl of such a mis-
feading assertion, which suggests that the members of the commiittee are in favor
of teaching only a diluted Darwinism”
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The Scientific Amovican ngrees with Naiure that the statement in question is
misleading; though we do not believe that the California committee, composed
chiefly of scientists in other than the biologic sciences, intended to mislead. The
misleading statement has, in fact, been made so frequently and by so many writers
that belief in it has become almost fixed.
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CHAPTER V
LESSON FROM JOHN DANIEL'S FOOT

human muscles, all ‘of the rest being shared with his cousins
the man-like apes. These specifically human muscles are most-

= ly concerned with man’s erect posture ahd ‘‘the specialized
character of the human foot” (Luil). But Dr. Dudley J. Morton, for-
merly of Yale and now of the American Museum of Natural History,

recently discovered in the feet of two gorillas a small muscle which had
previously been regarded as exclusively human,

When the gorilla known as “John Daniel” died, his body was
donated by the Ringling Brothers to the American Museum. The body
was dissected and distributed to various experts for intensive study. The
feet were sent to Dr. Morton, a distinguished orthopedic surgeon. He
has spent many years studying human feet and correcting their weak-
11e88¢eS.

One of the chief objections brought against the theory that man is
descended directly from an ape-like ancestor was that even the most
human-like of existing apes has a fuot like a human hand, with opposable
great toe. While the -gorilla foot was recognized as nearest in form to
the foot of man, it was admittedly more like man’s hand, in some respects,
than like man’s foot; and it was not possible to prove that such a foot
could have evolved into the type possessed by Genus homo. Recourse
was therefore had to the theory that man's descent is not from‘any of
the higher apes but from some more ancient primitive form, ncarer to
the lemur-like types. Darwin was of the opinion that “some ancient
member of the anthropomorphous. sub-grodp (i. e., of the anthropoid
ape stock) gave birth to man. This view has been supported by Hacckel,
Huxley, Gregory, Keith, Prof. Max Schlosser of Munich, and the
majority of anthropologists and anatomists.

Dr. Morton’s study of the feet of John Daniel I settled, for most
authorities, all doubts on this question. He found that the foot of this
domesticated ape was rapidly developing into the human form even
within his short lifetime. To this important discovery was added that of
Professor Huntington, of the College of Physicians and Surgeons (New
York), that John Dauiel possessed a certain muscle moving the outside
of the foot, which was herefofore believed to be entirely absent in the
feet of all apes. We now know that the chimpanzee foot does not differ
materially from the foot of the inferior apes, while the foot of the orang
and of the gibbon are more highly specialized for arboreal life, though
the chimpanzee foot is the most generalized and therefore nearest in
structure to the original arboreal anthropoid form. It might have de-
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veloped into the gorilloid type had the chimpanzee not clung so closely
1o its tree-living habits. The gorilla alone possesses feet (including a
well-developed heel) adapted to the upright carriage and ground life.
The use of the feet when on the ground is essentially the same in both
man and gorilla. Says Dr. Morton:

As a result of ground habits supplanting those of its early tree life an un-
twisting of the metatarsal bones (between the instep and toes) eoccurs, which carries
the sole of the great toe toward the same plane as the other toes, as in man. The
big toe bone untwists one way and the other toes the oppositc way, The skeleton of
e huinan {foot still slivws a slight degiee of the saue Lwioting as the ape fuol,
The foot of “John Daniel” showed the untwisting process at an unusually early
age because, as a captive, he had been deprived of his natural tree life, . ..

In man’s foot I have found that there is an appreciable amount of the twisting
toward the big toc in the first and sccond tocs, as in all the apes.

It is most significant that so great a change in a tree-climbing foot toward
a ground-walking foot should be accomplished within the life-span of the gorilla.
While the big toe does not reach the slage of being simply divergent without twist-
ing, as in man, nevertheless the process only lacks time to fulfil such a condition,
or the stimulus of a suitable change in the environment, or.in the character (psychic
or otherwise) of thé¢ species.

A very important result of my examination of “John Daniel’s” foot was that
when the gorilla foot is used on the ground the toes rapidly approximate the relative
proportions of the human toes, instead of resembling the proportions of the human
fingers, as in other apes. On viewing a baby gorilla {foot one is immediately
struck with the comparative shortness of the big toe and the extra length of the
third toe. Hnwever, in the adnlt gorilla the greatest growth was in the secor:
toc; in the third it is much less, but distinctly more than in the big toe, Incidentally
the proportionate growth of the second to the three outer toes points clearly to n
tendency toward reduction in the outer toes even in the wild gorilla, conforming
more closcly to the human arrangement.

Young “John Daniel” who as a captive had been deprived of his early tree-
climbing life and the influence that life would have had upon the development of
his icet, and who had been restricted to the use of his feet on the ground, showed
the highest percentage of growth in the big toe, which is much greater than that
of the second toe. Comparison of the relative growth of these two toes showed
almost startling disparity in growth, which can only be laid to the early alteration in
life habits in the younger animal. “John Daniel's" big toe since his capture had
grown 32%, his second toe 269%, while the adult gorilla’s big toe had grown since
the age of two 77% and his second toe 96%.

If the rate of growth of “John Daniel’s” toes had been continued to the age
of a wild adult gorilla, they would have been very different from that animal’s

and would have approximated human proportions. That proves clearly that an
animal like this could have been our ancestor,

Dr. G. S. Miller, of the United States National Museum, Washing-

ton, has stated the objections to a transfarmation of the gariflaid toe to
the human type in a paper on “The Conflicting Views on the Problems
of Man’s Ancestry,” as {ollows: '

] 1. Opposability of the great toe to the sole, which is found in the gorilla and
is lacking in man.

2. Difference in the joint between the inner cuneiform (instep) and the f irst
metatarsal bone (bone between the instep and the toes).

3. Difference in the comparative lengths o the respective toes in the gorilla
and man.
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Dr. Miller’s view of man’s origin is this: “The distinctively human
line branches off from the primate stock at a point ncar that at which
the line leading to the gorilla and chimpanzee originated and at a time
when the great toe had not lost its simple divergent character.” But Dr.
Morton, in discassing various theories concerning the origin of man,
remarks

The probability of “parallel evolutiomary progress” between man and the
anthropoids is far from satisfying after the evidence is carefully weighed. As
Dy, Miller indicates, all the evidence poiuts strongly to a univn of the two groups,
but because any method has heretofore been inconccivable whereby the opposable
great toe of the ape would he transformed to a human position, the evidence which
would connect the union between the two families has been overruled by some
and the possibility of this remarkable paralle! development has been sustained.

He says further:

We have now to consider the apposahility of the great toe as found in the apes.
1f you will examine your hand you will find that the surface of the thumb i5 at
5 right angle to that of the fingers and that as you turn your thumb in, it rotates
until its surface comes against the palm. In the ape foul the Lig toc when at rest
is at a right angle to the sole, and can be moved toward the sole like the human
thumb, but it does not come completely against the sole of the foot.

My examination of the feet of “John Daniel” and the other primates showed
that the great toe of the ape turns toward the sole of the foot because of a

twisting of the shafts of the bones of the foot that hold the toes. “John Daniel,”
who had deen deprived of his normal tree life for a perind of about four vears,

showed some interesting differences from other apes—the twisting of the toes
toward the thumbs was greatly reduced. In other words, he was already developing
the human type of foot.

In the adult gorilla, after it has been forced by its weight to take to ground
life, a similar change is noted. The surface of the big toe and the other toes,
which originally formed a right angle, show a marked widening and definitely
approach the common plane characteristic of the human foot. There still remains
the original ability to move the great toe in and out, but opposability, as displayed
by the other apes, is modified. [See Morton, D. J., “Evolution of the Human Foot,”
Part l], Amer. Jour. Phys, Anthrop., 1922, vol. 'V, No. 4; ibid, 1924, vol. VII,
No. 1.

Utierly rejecting Osboru's Oligocene Dawn Man, and insisting on
the close relationship of the human family with the chimpanzee-gorilla
stock, Gregory, writing in The Quarterly Review of Biology (December,
1927, asks:

About how many gencrations may have existed since the final separation of
man [tom the anthropoid stocl;, that is, since interbreeding between the two
ceased? Assuming that this occurred in the Middle Miocene, that would give a
period of about ten million years to the Upper Pliocene Eoanthropus, The anthro-
poids approach sexuial maturity at ten years of age, while certain races of men
can breed at twelve years. Assuming twelve ycars, or about eight generations to
a2, century, as the average ratc, that would give 800,000 generations as the tran-
sitional period between Dryopithecus and the Piltdown Man,

Dr. Gerrit S. Miller once said that if the divergent great toe of a chimpanzee
were to be pressed around so as to be parallel with the other toes, it would cause
the animal intense pain and that he would therefore not walk in such a way as to
produce such pressure. Hence a chimpanzee-like foot could never be - changed



Maynard Shipley 41

into a human foot. But even an acute pain, divided among 800,000 generations,
tight bc supportable. In other words, much might he dane mward bridging the
remaining gap between some member of the Dryopithecus group and man during
00,000 generations, especially in view of the relatively high structural variability

of all the known races of man and of anthropoid apes

In the current (1929) issue of the annual report of the Smithsonian
Institution, accarding to a [/nited Press dispatch (Nov. 23), Mr. Gerrit
Smith Mxller Jr., curator of mammals, since 1909, of the U. S. National
Museum, is quoted as saying that the Pzthemnthmpus and Piltdown ape-
like man fossils “are too incomplete to be regarded with certainty as
having pertained to creatures intermediate between man and come kind
of ape.” As this book goes to press, my copy of this annual report has
not yet arrived. Hence the only reply which I can make is, that if Mr.
Miller said what he is rcported as saying in his recent article, it sounds
more like the Rev, W. B, Riley or Billy Sunday than like the statcmcm
of a student of anthropology-—or even of mammals.
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CHAPTER VI
TIIE TEETH OF APE3S AND MEN

# VERY interesting and significant fact was revealed hy the
X comprehenslve studies of Dr. Milo Hellmal., research assocmte
in the department of anthropology in the American Musetim
of Natural History, and Dr. Gregory. These experts studied
a series of first and second molars and first premolars of men and apes,
living and fossil. It was found that the dental pattern found in existing
primitive races and in fossilized early man is much nearer that of the
iossil ape Dryopithecus than is the civilized modern’s. The pattern of
dental construction is fundamentally similar in all the forms examined
irom the ancient stem form to its modern descendant’s. While modern
savages approach more closely in brain development to modern civilized
men than they do to their ape ancestors, their teeth patterns are nearer
to the ape ancestor’s patterns,

_ The normal human dentition contains the same number of teeth,
82, as that of the other Catharini, so that, as Lull remarks, “the reduction
from the original 44 is a primate and not a human characteristic.” In
all the Old World apes the dental formula is the same as in man:

2 1 2 3

i2, cl, pR, mJ X 2=382.

So that there are, as a rule, in both man and the anthropoids, in
cither side of the upper jaw, two incisors, one canine, two premolars, and
three molars; and on either side of the lower jaw, two incisors, one
canine, two premolare and three molars,

It should be added that in both apes and man there first appears a
sct of milk teeth numbering 20 in all, and with a similar arrangement.
It can, one would think, scarcely be a mere coincidence, “parallelism,”
or “convergence,” that these particular numbers and arrangements of
the milk and adult tecth are found only in man and the Old World mon-
keys and the anthropoid apes. In no other groups of mammals is such
a dental formula to be found, and it is undoubtedly to be accounted for
by inheritance from some ancient ancestral anthropoid stock, as sug-
gested by Darwin,

In a popular contribution to the monthly magazine Evolwtion (De-
cember, 1927), Dr. Gregory set forth some facts which are quite pertt-
vent to the present study, and which therefore I repeat here:

How many principal points or cusps has the reader got on his second right
or left lower molar? If he is like most people he will find only four cusps, sep-
arated from each other at their bases by two main grooves forming a cross. This
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is a distinctly human arrangement and taken by itself is a conspicuous point of
difference from the corresponding tooth of all the known apes, living and fossil,
which have normally five cusps on the second lower molar.

But abodt one fourth of white people have a fifth cusp on the' first lower
molar and a good many Negroes, black Australians, and other primitive indi-
viduals have five cusps on all three lower molars. And as there are hundreds
of jaws in which the fifth or hinder cusp has almost disappcarcd, so therc arc
other jaws in which it is less and less reduced. In the most ancient fossil human
jaws known, namely the Heidelberg jaw, the Mousterian jaw, and the Ehringsdorf
jaw, there are five main cusps on all three lower molars.

Is it another coincidence that each of the three lower molars of all the known
anthropoid apes also bear five main cusps? And is it also by chance that in all
known apes and many men these cusps are separated at their bases by six main
grooves, each of which obviously corresponds in position in apes and men? Thus
if the reader wears the sign of the cross on his second lower molar, the chances
are that his first lower molar is impressed with the mark of the ape, and certain
it is that the aldest known fossil human lower molars are the ones that most closely
approach the “Dryopithecus pattern” of the primitive zpe moiar.
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CHAPTER VIi
CHARACTERS COMMON TO APES AND MEN

AN shares with the apes a marked tendency to variation. nct

only in dentition but in other features, skeletal and muscular
—and, one may add, psychical. All anthropoids and man are
ok what Gregory calls “highly mutable and ‘subject to evolutionary
change” (Scientific American, p. 232, September, 1927).  Ohvinusly,
and naturally, there are many differences berween man and modern apes,
and marked differences among the apes themselves. But, as first pointed
out by Huxley (“Man’s Place in Nature,” 1863), “the differences be-
tween man and the great apes are not so great as are those between the
man-like apes and the lower monkeys.”

Sir Arthur Keith has clearly shown, for example, that the maternal
organs of the gibbon, which has adopted an habitually upright posture,
are far nearer to man than to the lowest of the primates. If the student
of today studies the structure oi man’s body, says Keith, “he finds it
framed on the mammalian plan, and if he compares it with that of
anthropoid apes he finds the points of resemblance to be so numerous
and so close that he cannot think that such a degree of resemblance could
he a result of mere chance.” . Or, as Lull states, “bone for bone, the
comparison can be made, and it will be found that the differences are
vastly less striking than are the likenesses.”

The skull of man and the apes consists of the same 20 bones, “seven
of which constitute the spacious case which encloses the brain, the other 13
bones forming the facial skull.” Haeckel remarked that in man and the
gorilla and chimpanzece the same 200 bones, in the same order and of the
‘same structure, are moved by the same 300 muscles—which is substan-
tially correct. The famous anatomist Robert Hartmann demonstrated
cumpletely, long ago, that whatever organ be taken for comparison, the
anatomical difference between the fower Old World monkeys and the
most highly developed anthropid apes is far greater in every respect
than the difference between the latter and man. (Hartmann’s great
work, “The Anthropoid Apes,” was translated in the International
Science Series in 1872). Haeckel regards the faet established by the
late Dr. Emil Seleuka (Menschenaffern; Studien tiber Entwickelung und
Schédelban, 1808-1906) that the anthropoid apes shure with man the
peculiar structure of the discoid placenta, the decidua reflexa (2 portion
of the membraneous lining of the uterus), und the pedicle of the allan-
tois, as having great significance. Could it happen by “parallelism” that
the process of supplying the unborn child with nourishment is exactly
the same jn man as in the anthropoids, and in no other mammals, in-
cluding “monkeys”?

Keith tells us that as early as a million and a half years ago (very
conservatively estimated) certain apes had 170 structural characters in
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common with man; and thc later chimpanzcc-like apes, whose fossil
remains have been found in various parts of Europe and India (Siwalik
Hills, north of the Indian desert) had developed 300 such structures.
At the present time, man has 396 characters in common with the chim-
panzee, 385 with the gorilla, 272 with the orang-outan, and 188 with the
gibbon.

Apes, like men, vary considerably in the matter of haitiness. A
human being at one stage of his foetal development may have more hair
on his back per square centimeter than is found on an equal area on the
back of a young chimpanzee or a gibbon, as witness the figures below.

The number of hairs found on a square centimeter of the skin was
counted on a very young infant (embryo, about six months), and also for
the young monkeys and apes given herewith:

A nen ot
Iviall uuupau.u.vc iopoit  sralacus

No. of hairs on a sq. cm. of the head...880 383 400 546 1240
No. of hairs on a sq. cm. of the back....686 937 420 440 1406

{Quoted from Meyer Leirheim, Zeitschrift fiir Anatomie und Anthropologie,
1912, by G. F. Scott Elliot, “Prehistoric Man and His Story,” London, 1915.)

Man and the orang have twelve pairs of ribs, the gorilla and the
gibbon thirteen, and the chimpanzee fourteen, While the jorang has the
same number of ribs as man, he has four lumbars to man’s five. Occa-
sionally a human being is born with thirteen pairs of ribs, though the
additional pair is but feebly developed. The tail vertebrae (caudals)
which coalesce to form the coccygeal bone (coccyx) number three in the
gibbon, four in man (as a rule), and five in the gorilla, chimpanzee, and
orang. In both man and the apes a tail is present during foetal develop-
ment, with muscles for wagging it. Human beings sometimes come into
the world with a tail, and, rarely, with power to wag it.

Each family of apes has, during the long course of its evolution
(and adaptation to environment), come by anatomical features which are
peculiar to itself. Keith found that a full analysis of the structural
details of man’s body shows about 30% of them which are peculiar to
himself. The gorilla and the gibbon each have ahout 16% aof features
peculiar to their own family (Keith, Rivista di Antropelogia, Vol. 20,
p. 1, 1916). He cites as examples of man’s peculiar characters his nude
skin, his projecting nose with well-marked wings, the size of his brain,
the strength of his thigh, the form of his leg, the shape of his foot.

As examples of characters common to man, the gorilla, and the
chimpanzee, he cites the air-chambers which branch off from the nasal
cavity. These, he states, have the same arrangement and ate of the
same number in these three familles. Another example is to be found
in the small bones of the wrist. Of the higher primates, only in these
three has the os centrale disappeared as a separate unit from the carpus;
yet, in a foetal stage, this bone is present in all three; and as a separate
element in adults of all the other primates. Usually the “central” in-
corporates with the scaphoid bone, but sometimes it fails to coalesce.
Curiously enough, man sharcs with the orang, and with the orang only,
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but five per cent of his structural detail. On the other hand, says
Keith, man shares with the gibhan eight per cent of structural features
which are not to be seen in the bodies of the great anthropoids. There
still persists in man a small residue of anatomical details which are
a heritage from the tarsioid or lemuroid ancestry.

From the details revealed by anatomical analysis it is plain that evolution has.
tiot proceeded in an orderly or simple manner in shaping the bodics of the higher
primates; characters are curiously scattered. Yet to explain the distribution of
characters in the various families we must suppose_that man's ancestry is linked
closely to that of the Airican anthropoids—the gorilla and chimpanzee. In some
instances we obtain help in explaining the distribution of characters by calling in
tke aid of collateral or parallel evolution'; in other cases \Iendels discoveries m
heredity assist us; further, we see that the body of man and of ape is a great mosaic
wark of structural elements and that progressive changes may oceitt in one set of
units while retrograde changes affect another set,

(See Kelilr's splendid article, “Man, Evolutivn of,” in the (hireenih
edition of the Encyclopaedia Britannica, fram which the above para-
graph is quoted.)

In a recent address before the Royal Academy (London), Dr.
Arthur Thomson, professor of anatomy at Oxford University since
1893, told his audience: “It is only conceit which makes mankind be-,
lieve it is not descended from the ape. Although generations have
brought great changes in anatomy, the similarities are too great to be
ignored. A baby, until it cun wulls, resembles the upe in nearly every
respect.”

As Darwin long ago stated, unotwithstanding his noble qualities,
his “god-like intellect,” man *‘still bears in his bodily frame the indelible
stamp of his¢lowly origin.”
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CHAPTER VIII
SIMIAN MENTALITY

WAHILE a number of excellent books have appeared during the

&8 past five years or so on the psychology or mental states of the
anthropoid apes (including especially the results of the re-
searches of Kohler and Yerkes), it remained for Prof. Fred-
crick Tilney, of Columbia University, to give to the world a really com-
plete account of “The Brain from Ape to Man”-—a truly monumental
work in two volumes, totaling 1,120 pages, costing $25, and the rich
fruit of {fifteen years of very painstaking research. Huxley, in his
famous “Man’s Place in Nature,” did not minimize the vast hiatus that
exists between the brain of a human being and that of an anthropoid
ape. But he emphasized the fact that this difference in structure and
proportions was mostly quantitative, that man’s brain contains no funda-
mental structure not shared with his cousins the great apes.

Dr. Tilney—unfortunately, as I see it—follows Osborn in separat-

ing man rather wirlely from the ex;r.‘t;ng man.like apes. But it ic not
anywhere shown in his two heavy volumes on just what sound founda-

tion this concept rests. Quite sufficient facts have already been ad-
duced even in this little volume, one would think, to show that man’s
direct kinship with the chimpanzce and the gorilla is simply unmistakable.
But the evidence will be still further multiplied as we proceed in this
study.

Prof. C. Judson Herrick of the University of Chicago—a highly
competent witness—finds Dr. Tilney’s volumes “a curious mixture of
generalities about habits and probable ancestry of lemurs, monkeys, apes,

and men, apparently intended for general readers, and long technical
nenrological descriptions which can he read only by experts” He goes

on (in a review in The New Republic, September 10, 1928) :

In ‘tact, the book is rather hard reading on both sides. The neurologist finds
it unsatisfactory for lack of sufficient precision in description, and the more popular
passages are marred by a fonduness for highbrow technical words when the meaning
could be better expressed in very simple language. . . .

When we do get the meat out of these long technical descriptions, there is
left no room for doubt that the hig and interesting brutes that we call apes and
the weaker but more intriguing bipeds that we call men are generally related. And-
their brains alone will give the key to the mysteries of human origin, tor the only
significant difference which separates man from brutes lies in his brain and what
he does with it.-

The .organs here described are mechanisms of behavior, just as are bones and
lungs ‘and muscles. And they are organs of the more complicated features of
behavior; they are the organs which mark the difference between meager and
inefficient life and wealth of experience and competence in getting the most pos-
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sible out of life. In mankind they include the apparatus “which acts as the accumu-
lator of experience, the director of behavicr, and the instigator of progress.” . . .

J4{ we think with our brains—and if we don't, how do we do it?—then the
brain is a thinking machine in just the same biological sense that the heart i3 a
pumping machine. The biological evidence is clear-cut on this point. But the
thinking machine in just the same biological sense that the heart is a pumping
machine. The biological evidence is clear-cut on this point. But the thinking
machine and the pumping machine are differently constructed, and so, of course,
they deliver different kinds of products.,

Natural science is mechanistic. If human biology is to rank as a natural
science it must, accordingly, develop along one of two lines. It may follow the
old traditions aud leave mentality out, because mental acts arc supposed to be non
mechanistic and hence inaccessible by the naturalist’s methods; but this leaves out
of human biology most of the things that make humanity interesting and worth
while to us. The other alternative is to revise our ideas of natural machines and
to enlarge this notion to embrace living mechanisms that grow and reproduce and
feel and think.

-This may not be so absurd as it sounds, and in fact, it seems to be the only
way open to us if we are ever to hope for fruitiul application of scientific methods
to the acute problems of human life and conduct. A lot of popular and philosophical
mysticism and metaphysical prejudice ahout disembadied spirits that can make
somcthing out of nothing may have to go into the discard before we can find a
reafly scientific approach to the natural history of human nature—the whole of it,
and not merely the parts of us that we share with brutes.

Despite the obvious defects of Dr. Tilney’s book, the fact remains
that it furnishes the student of evolution with a wealth of valuable illus-
trations, including a description of the external and internal anatomy
of the brains of the various families of Primates, from the smooth-
brained marmoset; on through the ascending stages of the evolution of
the brain down to the Cra-Magnon artists of some 20,000 years ago.
with additicnal speculations on “Man—Past, Present and Future.”

Just why a discussion of the very important fossil child-ape
Australopithecus (the Taungs skull) is omitted it is difficult to “figure
out,” since much authentic information has been available for several
years past—an omission that does not occur in the present volume,

Dr. Tilney’s studies show conclusively that shere has been “a def-
inite increase in the width of the brain, ewpanding those areas which
have to do with the higher faculties of reason and judgment.” However,
there 15 nothing new in this statemient; but the many careful observa-
tions and measurements made by Dr. Tilney serve to reinforce a con-
clusion arrived at by other investigators from less nearly complete data.
“The human brain,” says Tilney, “from its most humble beginning has
manifested advances to_specialization of those areas associated wint% the
production of spoken language, with the regulation of highly skilled
acts, and most probably at least with understanding.”

Professor Tilney considers right-handedness: an index to human
progress. 1he anthropoids and man possess what might justly be called
a right-handed brain. Left-handedness is inherited, not merely a chance
acquisition. Experiments conducted at the New York Zoological Park
with orang-outans show that although these apes are more or less am-
hidextrous, nevertheless, when they wish to make an exceptional effort
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they use the right hand in preference to the left. However, left-handed-
ness may occur as an exceptional variation. Prof. (3. Elliott Smith, of
University College, London, discovered & fossil human skull that bore
clear evidence of having belonged to a left-handed woman. In a com-
munication to the British Medical Journal (London), in 1926, Pro-
fessor Smith pointed out the definite evidence, provided by the skull,
of the reversal of the normal symmetry of the brain-case, and the reasons
for associating this reversal with left-handedness, To wuse his own
words:

in the winter of 1907-08 Prof, Wood Jones and I investigated the significance
of this reversal, accepting as the criterion of right- or left-handedness, respec-
tively, the observation whether the right or the left humerus was the longer and
stronger. In the cranium I found that the impressions upon the bone were reversed
in those cases where the left humerus was longer and more robust than the right.

The objection has been raised by several critics as to the validity of these
inferences trom the size of the humeri as indications of right- or left-handedness.
Since- 1845, when Arnoid raised tins probiem ior consideration, an extensive litera-
ture has accumulated from repeated discussions, An admirable summary by the
late Proiessor (Gaupp was published at Jena in 1909, Fe summarizes the researches
on the question of the excess in length of the left or right arm, and shows that
these diiferences are usually associated with left- and right-handedness respectively.
However, he calls attention to the fact that at the time of birth the length of the
bones in the two arms is identical. Occasionally it happens (in people whose occu-
pation compels them to exercise the left arm more than the right) that a person
with a congenital tendency to right-handedness may have longer and stronger bones
in the left arm. This is altogether exceptional, and should not be allowed to
discredit the clear inference from a large mass of evidence that the length of the
arm-bone in the great majority »f cases is a safe indication of right or left-

handedness.

During the course of his work in Nubia in 1907 Prof. Wood Jones attempted
to correlate his observations on the skeletons of the ancient inhabitants of Nubia
with the conditinns found in living Egyptians, and hg. discovered that in right«
handed living people the left clavicle was longer and thinner than the right. Then,
proceeding to examine the hones in the skeletons, he found in those cases where
the right humerus was longer and stronger than the left that the left clavicle was
longer and thinner than the right. Moreover, he found that when the condition
was reversed the left humerus was then the bigger bone. He regarded this as
a confitmation uf the use we had made of the humnerus as an indication of right-
or left-handedness,

The asymmetry of the brain associated with this asymmetry of the limbs is
not restricted to modern man. It is characteristic of the human family as a whole,
and it seems to be one of the distinctively human traits revealed in most of the
known fossil material. The asymmetry of the brain is as old as the human family
itself, and is a fundamental character distinguishing man from all other members
of the order Primates.

Attempts have been made in the past to determine whether extinct members
of the human family were right- or left-handed, by a studvy of the implements
made by these people. But so far as 1 am aware no one has attempted to solve
this problem directly by a consideration of the fossil remains of man himself.
The evidence of asymmetry of the brain to which I have ealled attention throws a
light on~thia problem that is much more reliable than any inference which, can be
made from man’s handiwork.

The question naturally suggests itself whether there is any trace of asymmetry
in the anthropoid apes. Although the two cercbral hemispheres in the apes are
approximately symmetrical, some interesting facts suggest the remarkable con~
clusion that the bones of the right arm are longer than those of the left arm in
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the gibbons and orangs (as in man), but the bones of the left arm are the longer
in the' chimpanzees and gorillas. Though there is no obvious asymmetry of the
brain, theic sceus lo be u the autluupuid apes an instability that affccts the
symmetry of the limbs, although neither the right nor the-left is so definitely
selected as in the case of the vast majority of human beings.

It is of some interest to note that B. S. Parson, in his book “Left-handedness”
(1924), came to the conclusion that the ocular dominance—that is, the use of one
eye for fixation—determines both cerebral dominance and the “handedness” of the
individual. ,

In all these discussions it must be remembered that even if the right- or left-
handedness does not make its appearance until well on in the first year of life,
it is due to congenital tendencics that manifest themselves at this relatively late time,
Tt miust alsu be remembered {hat these congenital tendencics may in many cases be
overcome 1o a considerable extent by training; so that it is possible to get a braia
showing the asymmetry distinctive of left-handedness with limbs which show the
conditions usually associated with right-handedness.

The investigation of Prof. Catherine Beers, of the University of

Ccadl e Califinin obeenncd tland ahaead 1007
SOUTNErn UArliorilia, snowdd thnat aoout ine of pCrsons are left handed.

The brain naturally grew, symmetrically ar asymettrically, ather
things being equal, as the needs of our ancestors evidenced variety and
the necessity for what Spencer called “correspondence with a wider en-
vironment.” Meanwhile, the motor mechanism of the body as a whole
kept improving., The more the brain was worked, as Dr. George A.
Dorsey points cut (“The Nature of Man,” p. 70, 1927), the better it
developed : :

Its ared 0f associalion between: hearing ande seeing, seclng and touchi'n{?', cLc,
kept on growing. These areas are the distinguishing features of man’s brain. If
man had received no more than mere bodily iorm from his monkéy ancestor, he
might as well have had an opossum for .an ancestor. It was not mere body that
made monkeys smart; nor their brain that produced their band. 'LI'heir brain made
the most of their hand, but, as Jones says, while man can play the violin because
he has a big brain, what could his brain do if his hand were a horse’s foot?

Again (to quote the same author) :

Apes can communicate information to one another-—-how well can be learned
irom the pages of Dr. Wolfgang Kohler’s valuable book, “The Mentality of Apes.”
But the information is all emmotional—dangers, foes, enemies, friends, food, screams
of rage, distress, and abject fear. whines of teasing, scolding, and petulance, and the
soothing, cooing, billing, of affection and love. Within their repertoire of emotional
cries, ranging from the passion of love 1v that of rage, they are marvelously clever
at performance and in understanding. But not one single word as a symbol or a
sign for a concrete object, or act, or relation, Just why they do not talk no one
knows. Perhaps adequate stimulus to learn to talk has not yet been offered to
them. At any rate, it is known that a chimpanzee or a gorilla could ot learn to
speak enough words to pass a simple “intelligence” test, especially as nobody knows
anything about intelligence. . . .

With the development of speech as a means of eammumication, and especially
as a definite tool for naming objects, human social behavior entered upon a quite
new career, the end of which ie not in sight. Language was the turning point in
man’s break from the apes; its origin was from -such vocalizations as apes and
monkeys make,

A few words only need be said here respecting the comparative
size of the brains of man and the apes. In a normally developed adult
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European male the capacity of the cranial cavity, which represents the
sizc of the brain, is 1,500 cubic centimcters. The average male gorilla
has a cranial capacity of 470 c.c., though in a few exceptional cases it
reaches a capacity nearer 600 c. c. The average male orang has a brain
capacity of 412 c.c.,, and the average male chimpanzee of 390 c.c. Al-
though the human brain is so much larger than that found in apes, their
principal form is substantially the same, even in details of structurc.
Naturally, the convolutions and fissures bear the same anatomical names,
and their physiological action is identical.

A few years ago, Dr. W. W. Keen, the famous Philadelphia sur-.
geon, was invited to deliver the principal commencement address at
Crozer Theological Seminary, at Chester, Pennsylvania, and he selected
for his subject the ‘‘controversial” theme, “Surgical and Anatomical
Evidences of Evolution.” As a surgeon, Dr. Keen had had occasion to
make a close study of the hraing of the lower animals and man. He
told his audience some of his experiences, appealing directly to facts, not
to “mere theories.” He remarked that there is in the brain of man, and
also in that of ‘“‘the lower animals,” a deep furrow running obliguely
downward and forward above the ear, called the “fissure of Rolando.”
Grouped around this, as has been shown by experiments with animal
brains, are a number of aggregations of nerve cells in the gray matter
of the brain, which are known as “motor centers.” If one of these is
stimulated, by an electric current, it produces motion in some definite
part of the body, and nowhere else.  There is such a center for the arm,
one for the leg, for the face, the fingers, and so on. These centers have
been exactly mapped out in the animal brain, and it has been found that
“in the human brain the location of the corresponding motor centers i3
a duplicate of those in the brains of animals.”

Dr. Keen had as a patient a young woman suffering from epilepsy.
She told him that the attacks always began in her left thumb, then spread
to the hand and the arm, with convulsions and unconsciousness ensuing.
Sinee the human thumb corresponds with the great toe of the forefoot
of animals, Dr. Keen opened the patient’s skull ‘over a point agreeing
with the location of the great toe motor center in the animal brain, and
et oot a little cuhe of hrain substance. There are no fewer than nine
muscles moving the thumb ; but so exactly had the excision of the proper
motor center been made that every one of these nine muscles was par-
alyzed and not another muscle of any kind was affected. The epileptic
attacks, from daily occurrence, diminished (o aboul vue a year, and in
a few months the patient even regained full control over her thumb.

Another case given by Dr. Keen was that of a midshipman at
Aannapolis who was injured in a football game. His skull was not frac-
tured, but soon after the accident he developed local convulsions, first in
the right leg and later and chiefly in the rnight arm. ‘The only evidence
of a local injury was a slight bruise at the outer end of the left eyebrow.
Dr. Keen remarked:

Had I seen this case prior to 1885—when I first made a careful study of the
motor -centers in the . brain—I should, of course, have followed only the visible
indication of ihe location of the injury to the braim, namcly, the bruise. Had 1
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opened his skull near the bruise I should have been confronted with a perfecty
normal brain, T :l_nuuid then have Dbeen compelled to close (he wound and have,
perforce, done nothing more. He would have died within two or three days.

But experiments on animals after 1885 had shown that above the ear and a
little in front of it lay the centers controlling the muscles of the face, the arm,
and the leg from below upward, the leg center being near the top of the head. As
there was no fracture of the skull and as the convulsions began first in the leg and
then concentrated chiefly in the arm, but never extended to the face, my diaguosis
was a rupture of the large artery on the surface of the brain over these motor
centers; that the escaping blood had formed a clot, the edge of which first over-
lapped the leg center, but that the' chief mass lay over the arm center, I felt sure.
that it had not yet reached downwards over the motor center controlling the muscles
of the face, Evidently the clot must be immediately removed or he would
quickly die,

Operation showed that the diagnosis was correct. The skull was
opened, and the clot was found placed exactly as Dr. Keen had pre-
dicted, Kecovery was uninterrupted, and the patient re-entered the navy
in perfect health. The exact similarity of motor centers in the brains of

mat and the lower animals was proved,

For a number of years now, genetic psychologists have attempted
to teach the chimpanzee or the orang to speak. The results.have been
all but negative, as in the case of Kohler’s chimpanzees. But no one
knows why. The fault does not lie with the mouth parts of the ape,
which are similar to those of man. His anatomical apparatus is quite
equal to the task. With a dog the conditious are very different, Yet I
once heard a dog speak a few words in German, giving his own name
when asked to do so. Dorsey, opines that apes do not talk for the simple
reason that they have nothing to say. By infinite patience, Furness
taught his young orang to say “Papa,” and it may be that the ape learned
that this sound was in some way relatéd to her master. Furness be-
lieves that she knew it was his name. The same‘ape was also taught, by
repeated practice, to say “cup.” However, there is no strong evidence
to show that the word uttered meant anything to her. She loved her
master; he wanted her to say “cup” and “Papa,” and she “aimed to
please.” It is, however, quite possible that she knew what she was
talking about. (See William H. Furness, *Observations on the Men-
tality of Chimpanzees and Orang-outans,” Proceedings of the American
Philosophical Society, 1916, 55, pp. 281-290; also Robert M. Yerkes
and Blache W. Learned, “ChimpanzeeIntelligence and Its Vocal Expres-
sions,” 1928).

Boutan, working on the rather vocal gibbon (said by Bélsche to
he able to utter musical sounds) found that this ape was capable of
speaking no real words, but mere emotional utterances. (See Louis
Boutan, “Le pseudo-langage,” Actes de la Societé Linneane de Bor-
deauz, 1913, 67, pp. 5-80).

Furness states that the orang and chimpanzee evinced a clear
comprehension of the significance of words for objects and actions, and
that his apes were able to understand what was said to them better than
any professionally trained animals he had ever seen. Miss Learned
recorded .in musical notation the various vocalizations of two young



Maynard Shipley 33

chimpanzees, seeking at the same time to discover the significance of
the sounds; and Yerkes undertook by simple experimental procedures
to train one of the animals to reproduce sounds in association with
objects. The results of this instructional attempt were almost wholly
negative and they convinced the investigator of the slight tendency in
this ape to repruduce auditory stimuli or to imitate sounds produced by
its kind or by man, (See “Anthropoid Behavior,” by Robert M. Yerkes
and Margaret Sykes Child, The Quarterly Review of Biology, March,
1927, pp. 37-87). Yerkes is inclincd to think that the great apes “have
plenty to talk about, but no gift for the use of sounds to represent indi-
vidual, as contrasted with racial, feelings or ideas.”

It is possible that their disinclination for talk had a survival value
in their native habitat. When danger is imminent they can all make
noise euvugh—warning cries. Mere talk, under ordinary circumstances,
might have attracted the attention of enemies. However, our authors
say, “We may not safely assume that they have nothing bur feelings to
express, or cven that thcir word-like sounds always lack ideational
meaning,” for they certainly appear to “have ideas, and may on occa-
sion act with insight,” Certainly the late Professor Garner, who spent
years in a cage in the midst of wild chimpanzees, insisted that they had
words and claimed to understand many of them.

In his well known book, “Arboreal Man,” Prof. F. Wood Jones
points out the psychological—one might almoast say cultural—value of
living in trees, as did our simian ancestors, This mede of life, when
not continued beyond a certain point, not only made it possible for them
to evolve intd human beings after their descent to the plains,. saving
them from becoming quadrupeds, but developed their brains—or at least
put a premium on brains—and their social instincts. In the branches of
the trees, with their crude nests, arose “the family,” and we meet with
a further development of that important factor, first popularized by
John Fiske, “the prolongation of infancy,” with all that this implies for
simian and human development. But all goes back .in the long run to
the ape’s power to grasp and closely inspect objects with “hands”—for
wan’s arm cannot be used as a leg. Dr. Wood Jones says:

The power to grasp with: the hand and fingers seems such a very simple accom~
plishment that it is difficult to realize how such an apparently trivial beginning
can have produced the tremendous changes that follow in its train. , The power
of the hand-grasp has madc possiblc thc forerunners of the Primates, has perfected
the evolution of the Primates, and paved the way for the development of man. . . .

The arboreal; habit conferred its benefits by emancipating the iore-limb from
the duties of support'and progression; and by differentiating its functions from that
of the hind-timb, it saved the animal from becoming quadrupedal. In differentiating
the functions of the two sets of limbs, the animal gaing a great deal. Some animals,
one might almost say, have gone too far in!adapting themselves to the arboreal
habit. An animal saved by the arboreal habit from becoming quadrupedal does
not gain the maximum of the benefits derivable from its new mode of life if it
is saved from this fate only to become quadrumanous. Four feet do not lead far
in the struggle for mammalian supremacy, four hands do not lead a great deal
farther, It was the differentiation into two hands and two feet that provided the
great strength of the stock from which man arase. . . .

The human hand, 'a strangely, almost shockingly, primitive survival, has re-
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ceived enormous praise mistakenly lavished by the philosopher and the anatomist;
but the human foot, a_wonderfully modxfletf and distinctly human imember, has
had but scant appreciation. . . .

. Zoologically speaking, we may say that the very useful and specialized foot
adapted for terrcstrial progression is a foet of few digits. It may, in fact, he a
foot composed of a solitary digit. The evolutionary stages by which the horse has
cowe o stand solely upon its third digit are well known. Similar processes
produced the two-digited ioot of the deer and of the ostrich. There can be no
doubt that man is trusting, not to this third digit, but to his first, and that all the
others are undergoing a process of comparative atrophy. This: is in reality a most
iteresling problem. There 15 an admitied tendency to specialize one digit in a
thoroughly adapted Llerrestrial foot, Mau applied an arboreal foot to terrestrial
progression, and in this arboreal foot the best-developed member was the old
grasping digit—the first, or big toe. It seems that upon taking to a terrestrial life
he has started the elaboration of this already specialized toe, and is tending toward
the development of a foot which is guite unique—a foot in which the first digit is
the dominant, and in the end, perhaps, the sole surviving member.

While the ape parents were eventuafly well provided with the means
for self-protection and further advancement, the baby ape is quite as
helpless as a human infant. Yerkes, in his absorbing book, “Almost
Human” (1925), brings to light many heretofore doubtful statements
and previously unknown facts concerning the life-history and “home
life” of the anthropoids. Louis Montane, who made investigations in
the Ahreu primate colony in Havana, Cuba, where about 80 primates
are being studied, had already written on the sex behavior and breeding
of chimpanzees, and it was he who was first to rcport the birth and carly
hehavior of Anuma, the first chimpanzee known to.have been born and
reared in the Western Hemisphere. He was ten years old in 1925, and
may be still alive. In New York, W. Reid Blair, of the Zoological Park,
reports that the young survive birth for only a short time; whereas in
Berlin, G. J. von Allesch, of the Berlin Zoological Garden, hzd oppor-
tunity to study the behavior of mother and young over a period of weeks.

From these several contributions it appears that the period of
gestation in the chimpanzee is not less than scven, nor more than nine,
reonths, In this connection it may be stated that I have been informed
of a (human) family in which all the children (four of them, if my
memory serves me faithfully) were seven-month infants. If thic ic true
—and 1 have no reason to doubt the veracity of my informant—then it
might be considered a reversion to an ancestral condifon, None of this
family is renowned for intellectual achievement, so to speak. It is
popularly believed that a seven-month baby has a better “life expectancy”
than an eight-month infant; but modern medical science condemns this
belicf as a mere superstition.

Wlile there is no exact record on the length of the period of gesta-
tion in any of the man-like apes, Dir. Carl (. Hartman, of the Carnegie
Institution of Washington, has recently reported on the mating and
parturition of Macacus rhesus (or Bhunder), a monkey very common
over the center and north of India and in Further India, from the plains.
up to 10,000 feet in Kashmir. They are common in our zoologicat gar-
dens, and are sometimes seen with organ-grinders.

Says Dr. Hartman (in Science, January 6, 1928) :
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For over a year the female in question had been found to menstruate regularly
in cycles of 26 days. The successful mating took place from the ninth 10 the
twelfth day after the beginning of the last menstrual period. . . . ‘This is also
about the time at which Corper (1923) and Allen (1927) had found ova in the
Fallopian tube of the same species of monkey. For theoretical reasons, therefore,
it is almost certain that concepiion took place within the three-day period when the
female was left with the male, A male rhesus was born almost exactly six lunar
months after conception.

All autherities agree that the new-born anthropoid is as helpless as
a new-born humaniiniant, and, as Yerkes puts it,

Without parental attention and assistance [it] would perish within a few hours.
During the first few months of postnatal existence it is wholly dependent on
the mother for nourishment, protection, and bodily care. bradual]y 1 achieves
mdependencc through acquisition of the ability to walk, in which it ts assisted b;
parental tuition, :md is thus enahled to amuse ltself in mcreasnuz measure, to seex
food, and to develop steadily through piay with others of its kind.

(A valnable contribution on “Sex Development in Apes,” by Di.
Harold C. Bingham, was issued in 1929 from the Johns Hopkins Uni-
versity Press.)

This relatively extended period of infancy could not but be of the
same educational and moral value to the chimpanzee and the gorilla
families as it is seen to be in the case of humans. The late R. L.
Garner, who claimed to have interpreted 44 chimpanzee “‘words” and
who lived, as said, many years in the African jungle studying the great
anthropmds at close range, contributed to our knowledge of gorilla
behavior in his “Gorillas in Their Own Jungle” (Zoological Society
Dulletin, New York, 1914, r7, pp. 1102-1104). The conduct of gorilla
children is little different from that of human beings. Prolongation of
infancy, in their case as in ours, leads to development of the “home life”.

‘We learn from Dr. Woligang Kohler, director of the Berlin Psycho-
logical Institute and of the Anthropological Station at Teneriffe, Canary
Islands, that young chimpanzees enter into games with the same alacrity
manifested by children in general. Oiften when a pair of his young
‘chimpanzees began to stamp and circle around a post, others joined in
the game, or dance forming a ring, reminding one of a savage tribe in
a dance. They seemed inclined to keep time together. (See Kohler,
“The Mentality of Apes,” 1925).

Speaking to an audience of civil engineering students of Johns
Hopkius University, in a lecturc tour of ‘the United States in 1925, Dr.
Kohler said:

My tests and years of study leave me no alternative but to assert that man is
only a higher tvpe of anthropoid, whose intelligence has undergone a great trans-
formation through thousands of years of cxistence. . . . The gpe cannot be taught
mathematics; it does not understand words any better than 2 dog; but it has
memory, inventiveness, and a high mental ability which stops short of aesthetics.

In an address before a section meeting of the New York Academy
of Medicine (1928), Dr. W. Reid Blair suggested that man had over-
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lonked an apportimity for increasing his number of domestic and indus-
trial servants. In commenting on Dr. Blair’s suggestion, Dr. E. E. Free’s
[Veek's Science (New York) said:

Even in its present state the chimpanzee is, Dr. Blair believes, the most in-
telligent of animals next to man, If primitive man had happened, he remarked, to
sclect chimpanzees for domestication instead of dogs, if these clever and affec-
tionate apes had enjoyed the long centuries of human coimpanionship which has
been the lot of the dog, it is impossible to say how greatly their intelligence might
have been developed. Centuries of effort to breed the most intelligent varticties
of apes, just as breeders have produced kinds ot dogs for special purposes like
running or hunting, would have added still further to the ape’s. mental powers. The
brain of the chimpanzee is of much the same kind, Dr. Blair believes, as the brain
of man, and the animal would probably profit greatly by human contacts. The
fact that chimpanzees escaped human control and still remain free creatures of
the forest may seem sentimentally admirable, but it was perhaps the ape’s greatest
misfortune, as well as one of man’s.

‘The question has often been raised why all male chimpanzees and
orangs become cross and intractable, even quitc dangerous, after reaching
full adulthood. A number of different answers have been given, but a
solution offered by Dr. C. W. Beebe (“The Iog of the Sun,” pp. 468-
469), seems to me to be the most satisiactory so far given. He believes
it highly probale that the surly and morose disposition of the great apes
incident to puberty is due to the increase in power of the jaws and jaw
wuscles.  These developments react upon the skull, developing the
median crest and at the same time thickening the cranial walls. There
ensues, he thinks, a pressure upon the brain, with the consequent mental
reaction. While it can neither be pruved nur safely denied, the theory is
sound, even if the emotional results noted are more largely due to other

causes.

Professor Lull thinks that the confinement of anthropoids “may
accentuate a tendency which would be less marked in a free animal. . . .
But what it seems to point to is this, that . . . the simians, with the
probably exception of the gibbon, have retrogressed from the relatively
high estate of the common angestors from which they and man have
sprung, and while mankind has progressed onward and npward from the
ancestral condition, his simian cousins have, due largely to force of cir-
cumstances, such as the retention of arboreal life and enervating tropical
conditions, arrived at an inferior plane.”

Want of space forbids that I dwell at any greater length on the
mentality of the great apes. Of their “morals” I shall say nothing, ex-
opting that many supposedly “human” traits are obviously inheritances
from ot simian ancestors, and that, on the ather hand, many men and
women show themselves capable of deeds of meanness and atrocity which
would (figuratively speaking) bring the blush of shame to the hairy
cheek of the most savage anthropoid known to science. On this phase
of the subject, no better book has ever been published than Dr. William
T. Hornaday’s “The Minds and Manners of Wild Animals.” Every
phase of domestic as well as. wild animal life is treated by this great
authority, and fn 2 most entertaining as well as authoritative way.
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CHAPTER IX
AN AMERICAN ANTHROPOID?

(a highly reliable journal) published a photograph of what
appears to be an exceedingly man-like ape of a heretofore un-
known genus, which would be, in itself, a remarkable event.
But this creature is a New World anthropoid—a thing thought to have
been non-existent either in North or South America. It was shot while
attacking an cxploring party in o thick jungle beside a river near the
Venezuela-Colombia border, and has been given the name Amer-Anthro-
poides Loysi, after Francis deLoys, B.Sc., D.Sc., F.G.S., noted geoclogist,
who shot aud studied the specumcn, a female ape about five feet two
inches, and weighing about 115 pounds. The male was wounded but
escaped into the dense forest,

The report of the discovery was communicated to the Académie des
Seiences of Paris on March 11, 1929, and discussed by Dr. G. Montan-
Jdan, to whom it wna less of a surprice than to other scientists, for Man-
tandon, of the French Anthropologic Institute, is an advocate of what he
calls the Ologenic Theory, recently set forth by him in his “L’Ologenése
Tumuine” (Daris). According to this theory, anthropoids as well as
hominians (genus Homo) originated independently on the various con-
tinents. In this instance, ex hypothese, we are dealing with a case of
“parallelism.” This creature, “with strangely human figurc, eyes, and
expression,” more nearly resembles the Asiatic gibbon than it does any
ape of the New World, all of which have 36 teeth, whereas this speci-
men, like the Old Wuild apes, had but 82, “without,” says del.oys, “on
the hack portion of the mandible, any protuberances hinting at the pos-
sibility of a greater number of embryonic molar teeth.” Likewise, the
ape was tailless, whereus all South American monkeys possess long, pre
hensile caudal appendages.

It seems that American scientists are somewhat skeptical on the
question of anthropoid apes in South America. For example, Dr. C. W.
Stiles, of the United States Hygienic Laboratory, a well-known authority
on the classification of apes and monkeys, said, through Science Service:

I would not say that the discovery of an American ape i3 ridicutous. Many
vidiculous things turn ont to be true. If there is any possibility that an anthropoid
ape has been found on this continent the discovery is of such importance that a
scientific expedition should visit the region at once to verify the report. We might
reasonably expect scientific investigators of Venezuela to handle this matter and
give us the facts,

Dr. Francis M. Ashley-Montague, of the Royal Anthropological Tn-
stitute of Great Britain and Incland, contributed a most intcresting dis-
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cussion of Dr, deLoys’ find to The Scientific Monthly (September, 1929,
pp- 275-279). On the whole, he does not believe, on the evidence so far
presented, that the creature killed and photographed—the actual remains
of which were lost during the hardships of the forests—was an anthro-
poid ape. Dr. Ashley-Montague was furnished with two photographs of
the specimen by Dr. deLoys, which are reproduced in the magazine just
wentioned.  Of these he says:

Careful inspection of these photographs reveals the [ollowing facts:

The human-like rounded head presents (a) a prominent forehead, and (b)
there are no markedly overhanging brow-ridges; the nose is wide and presents a
broad septum between the outwardly deflected nostrils—characters which are
peculiar to the New World monkeys generally and specially to the genus Ateles.

It is a curious fact that none of the Old World monkeys and apes possesses a
forehead as prominent as that found in many New World monkeys. The high
torehead, which is 50 distinctively human a characteristic, is primarily what lends
so humian awm appearance to the head of this creature, whose face is identical in
appearance with most species of the genus Ateles. In no Old World monkey and
in no ape, however, are the nostrils separated by a wide septum, nor are the nostrils
so flaring and deflected in an outward and upward direction—this condition is
peculiarly South American, there being only three New World genera in which
there is an approximation to the Old World arrangement of a narrow septum and
iawardly directed nostrils, namely, Alouatta, Aotus, and Brachyteles.

With the aid of g magnifying glass one may perceive that the thumb is a much
reduced, nail-less tubercle, the merest excrescence upon the side of the hand. This
io u vlarasicaiotiv whish io opccifivally acovwiassd with «2éeive, for no other South
American monkey posseses so reduced a thumb. None of the Old World monkeys
and apes possesses such a character; in only the crang-outan, in which the thumb
is the most reduced but is quite large compared with this creature's, is- the thumb
occasionally lacking in a nail. It is clear enough from the photograph that this
creature’s hands arc adapted to an extremc arboreal existence.

The feet are evidently of the quadrupedal grasping type, normally associated
with an arboreal life. Doubtless, this creature could support itself on its hind legs,
but the structure of its foot renders it quite impossible that its habitual gait is
bipedal rather than quadrupedal, or that it spends more time upon the ground than
in the trees. This foot is identical in appeafance with that of Ateles. . . .

Ag far as the stature is concerned, I am not aware of any South American
monkey which reaches a height of more than 90 cm. (three feet), although this
height may conceivably be exceeded in some cases. Certain it is that the height of
five feet two inches and the weight of 115 pounds of this monkey are quite unknown
in any South American monkey. Nor would it appear from an examination of the
photographs that these fcatures are due to any anomalous or pathological causes,
although such a possibility cannot be altogether eliminated. Assuming, however,
that there does exist a species of monkey of which that figured here is a normal
representative in the matter of height and weight, it becomes certain that we are
here dealing with at least a new subspecies of monkey.

The idea that the anthropoids and man have arisen independently
irom lower forms in various parts of the world, and given rise to dif-
ferent types of races, is not new. The late Prof. Herman Klaatsch, like
all other modern anthropologists, traced the origin of mankind to an ape
ancestry, but came to the conclusion that the ancient inhabitants of
Tlurope known as Neanderthal, or Mousterian, together with the living
Negro peoples of Africa, had arisen from the same original stock as the
chimpanzee and gorilla, whereas Mongolian peoples and men of the mod-



Maynard Shipley : ¥

ern European type had sprung from the same lineage as the orang. This
is a somewhat restricted form of Montandon’s Ologenic Theory, and is
known as the polygenetic origin of human races—a theory favored by
very few modern authorities, since they do not care to rely on converg-
ence and “parallelism” as against the fact that black and white races
freely interbreed and are structurally very similar—only minor differ-
ences existing. As Sir Arthur Keith puts it, most modern authorities
“rely on the axiom that likeness in structure means similarity of descent.”
(Klaatsch’s theory was technically expounded in 19811, in his “Die Stel-
lung der Menschen im Naturgangen,” and set forth in popular form in

his book of 1923, “Evolution and Progress of Mankind.”)

Dr. F. G. Crookshank, an eminent British medical expert, wrote a
little book for the “Today and Tomorrow Series” called “The Mongol
in Our Midst,” in which he adduced evidences from his experience as a
hospital director thial seew to support, in a general way, Klaatsch’s poly-
genetic theory. Dr, David Starr Jordan, in his recent book on what he
designates as “‘sciosophy,” what Dr. Edwin Grant Conklin calls “think-
ing wishfully,” and what Henshaw Ward has named “thobbing,” places
Crookshank among “sciosophists,” those who facilely evoke discoveries
“without the hard mental grind which exalts itself as ‘research.’” The
fruits of this method, he says, are swift and varied. “Accordingly a
recent English writer proves without effort the separate origin of the
three great primal races of man. These, it appears, sprang from three
different species of ape: the Aryan races (Nordic, Latin, Slavic, and
Hindu) from the chimpanzee ; the Mongolian from the orang-outan; the
Negro from the gorilla. The occasional occurence, in the white race,
of morons (senselessly called Mongol by certain eugenists) proves that
there has been an admixture of orang blood among the common people,
descendants of the chimpanzee. Thus with feet shod with analogies, an-
thropology can move as merrily as astrology, . . . and is now beginning
to do so” (“The Higher Foolishness,” p. 73).

This does not scem entircly fair to Dr, Crookshank, who bases his
theory mostly on the sitting posture of the various races, but gives a
great deal of other suggestive evidence. Moreover, it does not exactly
represents his theory ; for example, he includes tlie Jews amony the chifm-
panzee-descendants. And so-called Mongoloids are technically idiots, not
morons.
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CHAPTER X
AN APE INTERMEDIATE BETWEEN LIVING ANTHROPOIDS AND MAN?

@ URING November, 1924, there was brought to Dr. Raymond
1 A. Dart, professor of anatomy in the University of Witwaters-
rand, at Johannesburg, South Africa, by one of his students,

8 the fossilized skull of an ape, still partially embedded in lime-
stone. This skull had been found in a lime cliff at Buxton, nine miles

+ of T i 1 / 3 1
west of Taungs, in Bechuanaland, South Africa, by one of the directors

of the Northern Lime Works, which was working this huge lime deposit.

In this deposit occur patches of lime and infiltrated sand, represent-
ing old caves in the lin, which duting the course vl untold ages have
heen entirely filled up with sand, carried into the formation by under-
ground river action from a long distance away.

It appears that similar skulls, limb bones, and even fairly compiete
skeletons had been found from time to time, but thrown away by the
workmen, Dr. Dart asked that further specimens be saved for him; and
the very next week some blocks of stone bearing traces of bone were
blasted out and brought to the university by Dr. R. B. Young, professor
of geology. To continue the story in Dr. Dart’s own words:

One of these picces of stone I immediately recognized as the cast of the cranial
cavity of a creature which was closely related to the largest living anthropoid apes,
but more intelligent.

This cast in stone of the creature’s hrain case was found to fit accurately by
its front end into one of the larger rock fragments, so one recoghized that the
facial skeleton of the creature must be present in this solid block of limestone.

A month of steady woirk [list with hammer, chisel, and saw, and later with
sharpened, knitting needles, and meat skewers, proved this to be the case.

Then there stood revealed, intact and uncrushed, virtually the entire face of
a baby—the first record of a group of creaturcs long since extinct, but which were
more human in features and in brain power than any anthropoid apesenow living on
the face of the earth,

Professor Dart declares that it seems probable, in view of this and
other new and important discoveries connecting the early history of man
with Africa, that the Darwinian claim that Africa is the cradle of man-
kind may be substantiated.

This wroup of beihgs, having scquired the faculty of stereoscopic vision, had
profited beyond living anthropoids by setting aside a relatively much larger area
of the cerebral cortex to serve as a storehouse of information concerning their
objective environment as its details were simulfaneously revealed to the senses of
vision and touch and also of hearing. . . . Thev possessed to a degree unappre-
ciated by living anthropoids the use of their hands and ears and the consequent
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faculty of assaciating with the color, form, and general appearance of objects,
their “weight, texture, resilience, and flexibility, as well as the significance ot
sounds emitted by them. In other words, their eyes saw, their ears heard, and
their hands handled objects with greater meaning and to fuller purpose than the
corresponding organs in recent apes. They had laid down the foundations of that
discriminating knowledge of the appearance, feeling, and sound of things that was
a necessary milestone in the acquisition of articulate speech.

There is an ullra-simian qualily ol the Dbrain depicted in this immature
endocranial cast which harmonizes with the ultra-simian features revealed by the
entire cranfal topography and corroborates the various inferences drawn therefrom.
The 2,000 miles of territory which separate this ceature from its nearest living
anthrcpoid cousins is indirect testimony to its increased intelligence and mastery
of its environment. It is manifest that we are in the presence here of a pre-human
stock, neither chimpanzee ner gorilla, which possesses a series of differential
characters not encountered hitherto in any anthropoid stock. This complex of
characters exhibited is such that it cannot be interpreted as belonging to a form
ancestral to any living anthropoid.”

Since the day its discovery was announced throngh the press, the
Taungs skull, which Dart named Australopithecus (southern ape), com-
parable to a human child of four or five vears, has been a subject of con-
troversy among experts. This is not the place to set forth the diverging
views of competent anthropologists, since only two or three scientists
have actually examined the skull, others forming their opinions from
study of the casts.

While it is admitted hy all that the Australopithecus is allied 40 the
chitnpanzee, there are many points on which it differs from both the
chimpanzee and the gorilla.

That eminent anatomist Dr. Richard Broom, writing in The Scien-
tific American for August, 1929, p. 121, says of this interesting fossil
skull, among other interesting conclusions:

The milk teeth differ entirely from those of the chimpanzee and gorilla,.and
agree very closely with those of man, The brain is of the human shape and shows
certain very marked advances in the human direction, from the brain of the chim-
panzee or gorilla. The bones of the temporal region are also much more like
those of man than of either of the other anthropoids. Dart has shown further
that the head must have been poised much more erectlly] than the head of either
the ehimpanzee or gorilla, and thus that dustralopithecus must have walked more
erect. If he walked more erect he must almost certainly have heen bipedal. 1
venture to prophesy that when the hind foot is discovered, it will show -that it
approaches the foot of man in a surprising way. . . .

There is another most important point. Taungs today is in a very dry region,
and among the rocks and open forests the only monkeys are baboons and little apes.
Associated in the cave where Australopithecus was found, are numerous skulls of
a species of baboon, sufficiently satisfactory evidence that the climatic conditions
when Ausiralogithecus lived were very similar to thuse of today, and we can be
quite certain that Australopithecus was a rock-climbing, plains-living and not a
forest-inhabiting animal,

Dart, with the intuition of genius, boldly made Australopithecus the type of a
new family intermediate between the higher apes and man. This was perhaps a
little daring on the evidence, and most of his critics have considered that in this
he was wrong. But i when a good skeleton is discovered, as it probably will be
in = very few years. it is seen that Australopithecus has a foot approaching the
'hum;m foot, as 1 believe will be the case, Dart will be thoroughly justified in his
concigsions, . . .
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Sollas has shown that the skull differs very greatly from that of the chim-
panzec, and concludes that ‘““dusirelopithccus makes a ncarcr approach to the
Hominidae than any existing anthropoid ape.” Surely science has advanced sui-
ficiently far to enable one to determine something of the afiinities of an anthropoid
ape from a single but good skull of even a young individual, . . .

Hrdlicka, the eminent American anthropologist, recently visited South Africa
and saw this wonderful skull. He says, “The skull itself is that of an anthropoid
ape approaching rather closely in size and form the chimpanzee, but in all prob-
ability it is a new species, if nct genus, of the -great apes. . . . Just what the
relation this form bears on the one hand to the human phylum, and on the other to

the chimpanzee and gorilla, can only be properly determined after the specimen is
well identified, for which are needed additianal and adult specimens.”

As to the age of the deposit, although it cannot be exactly determined,
it is very old. Broom thinks it is probably either Pliocene or Pleistocene,
but if Pleistocene, then certainly early Pleistocene,



Maynard Shipley 63

CHAPTER XI
FOSSIL CONNECTING LINKS IN MAN'S HISTORY

JIIE lowest type of human skull'so far discovered was found by
| Dr. Eugen Dubois, a Dutch army surgeon, in 1891, on the
¢ Bengavan, or Solo Rive, in central Java. Only the skull-cap

B remained. A human upper molar tooth had been found about
one meter (=3.28 it.) distant from where the skull appeared. Some
months later, at the close of the rainy season, a second molar tooth and a
left thigh-bone were unearthed, embedded and fossilized in the same man-
ner as the skull. In 1894, Dubois described these fragments as the type
Pithecanthropus erectus, a term signifying “upright-standing ape-man,”
an ercct posture being in perfect harmony with the structure and form of
the femur. Dubois’s studies led him to the conviction that he had dis-
covered “the transition form between man and the anthropoids which
the laws of evolution teach us must have existed. He is the ancestor of

man,”

In a conversation with Professor Dubois’s son only a few years ago,
he told me that his father still adhered to his conclysion of 1894, Until
quite recently, zoologists and anthropologists were still divided in opinion
on the question of whether we had to deal here with a high type of gib-

,bon or a low type of human. The problem is not yet fully settled, but it
would appear that the conviction is rapidly gaining ground that the Trinil
(Java) skull is fully entitled to human rank. The volume of the gorilla
brain 1s only 57 per cent of that of the Javan man, and that of the latter
is 72 per cent of the Piltdown man. The femur of Pithecanthropus is
certainly human-like.

Dr. Withelm Gieseler, of the University of Munich, in 1928 came
forward with the theory that the legs of human beings evolved in advance
of the skull. The legs of the Broken Ifill Man (Rhodesia) are much
like those of modern man, while his skull is Neanderthaloid. Of this
Rhodesian Man, Sir Arthur Keith remarked, in The Illustrated London
News of November 19, 1921 :

.The revelation now made in Northern Rhodesia extends the habitat of this
ancient and extinct type of humanity far inte Africa, tor the site of the Broken Hilt
Company’s work lies 4,000 miles from southern Europe. We now seem to be
tracing Neanderthal Man toward his cradle-land, for in many of its features the
Rhodesian skull is more primitive than European specimens of the same type.

The Heidelberg jaw is distinctly human in point of dentition, but
rather ape-like in some features. No other parts of the skull of this race
have been found, but there are sound reasons for placing them with the
Neanderthals, who are now represented by more than fifty individuals.
The far more advanced Cré-Magnon race, regarded as immigrants from
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Asia, and certain related races, include 82 individuals. Nearly 150 skulls

and skeletons of fossil men are now 10 be seen and studied iu the world’s

museums. The monkey and ape fossil series is also gradually being filled
- in with representative evolutionary types, from Pro-Lemurs to Man.

Dr. W. K. Gregory concludes his splendid chapter on “The Lineage
of Man,” in “Creation by Evolution” (a symposium on evolution, ably
cdited by Frances Mason), in these words, which I quote, as my own
conclusion, for the enjoyment of any anti-evolutionist readers:

The natural cgoutism of man has made him casily credulous of the story that
the first man, although made from the dust of the ground, was also. created perfect
in the image of God. The knowledge that man has struggled upward to his present
estate from less intelligent animals is still practically denied to the majority of

mankind.

The gaspel of evolution as outlined above is not the writer's invention; it has
not been built up, like early systems of religion, in an endeavor to propitiate the
gods without; it is simply a very condensed outline of what Nature is gradually
revealing to those who carefully examine her records. When man fully realizes
what lhe has come from and the long, slow steps by which he has reaclied his
present condition, he will be better ahle to apply intelligent measures toward
correcting his infirmities and towatd guiding his evolution along profitable paths
in the future,
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