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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 oi the 
facts which we already have’” 

-1%‘. Denham Verschoyle, 
“Electricity : What Is It ?” 

“To experie 
inquiry. But be 

ce we refer, as the only ground of all physical 
‘h re 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 whatcvcr 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 
“Discourse on the Study of 

ohn Herschell, 
I/ ataral Philosophy,” 



FROM AMPHIBIAN TO MAN 

INTRODLCTION 

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 

entertainment element, and, in some cases, may lead to a certain tedious- 
ness. Hrlt it is hoped that the solid information thus LU be gained will 
be well worth the close attention that must often be given when coming 
into contact with unfamiliar terms and phrases. However, no effort has 
heen spr~d to make every word undcrstandablc, ty 111t: introduction of 
definitions or expianations wherever feasibie. within brackets, where the 
technical language employed is Tvithin quotation marks. 

It was intended, from the outset, to bring the general reader into 
direct contact with the greatest living authorities on the various branches 
of science bearing WI evolution. In many case’s, it will be observed, the 
cqert’s owu worrls have been cited in preference to a paraphrased state- 
ment by myself. By this method the reader becomes acquainted not only 
with the views or conclusions of our more eminent workers in the several 
fields 01 rlatnrai science. but also with the most authoritative recent 
works, and even some technical papers, dealing with the facts and 
theories of evolution. 

And could anq’one hope to learn aqthing more important than the 
facts which fully sustain the great evolutionary concept? It has fre- 
quently been stated that “evolution has revnlutionized human thought.” 
Every Year brings forward indubitable confirmation of this statement, 
To say-“evolution” nowadays is to say “science” ; and to say “science” 
is to bring to mind, to those whn flRvP had the good fort& to read 
Elliot Rowland Downing’s “A Source Book of Biological Nature-Study” 
(1919), his abpreciation of the great contributions of science to the 
wolving life of mankind. 
m....,rnn:,.Cn 

He names, as values we should highly 
CL, byA LL‘Llllr, 

its emphasis on the scientific morle of thinking or the problem-seeking, prublem- 
solving attitude of mind; a’mass of scientific knowledge that serves as the basis 
ior desirable skills ; and an interpretation of Nature productive of an inspiring 
appreciation, both intellectual and esthetic, of her phenomena. 

The work of the geologist, paleontglogist, 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” I 
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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 (18X-1929), in his comparativeIy 
recent work, “Evolution,” emphatically &clared 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, bithout reference to any other tact. 
Now facts are accumulated in order that they may be put together and made to& 
explain one another. WC observe a fact and ask what’other fact causes it; and so 
facts are linked together in a continuous chain, each fact dependent on facts that 
have gone heforc, and responsible for iacts 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 inflr~ence rrwn thrmght am-l wnrk: it is clear that thou.qhtful 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 uutil it is based on knowledge. 
To keep an open mind i,s 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 havincr stated that “the idea of evolution is the most Wtent 
Thought-economizing fofmula 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. 

T~~IIIw.I~I’s wwrcls are ~~~~h~ndly true. IIe who is no1 atlt: 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. 
crhical, ancl so&i l>rviJierrls. Ii ic is as&l, ‘lTT nvw cau a kIluwi&gt: 
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, intb variation and heredity which promises to give us a firmer control 
of lift. WC arc only beginning to realize that the truth that is in Darwinism 
shares with all truth the power of making us free. 

Perhaps no one has put the importance of the study of evolution 
Illore clearly than has the eminent English scientist, Sir Charles Scott 
Pherrington (“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 he is and as he is, bears broadly and profoundly on the interpreta- 
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tion of 21: lwman activities. Th’ IS perception affords him new guidance in trncitg 
to their origins his instincts: his emotions, his interests, and his reasnning pwer. 
In the Iight of this perceptlon civilization and the history of civilization acquire 
fresh meanings ; human society-its customs, its duties, and its growth-stands 
visible froth a new angle and in truer perspective. There is incumbent, therefore, 
on every thinking man and woman, faced with the responsibilities of citizenship, 
an obrigation 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 
knowledge, acquaintance with which, by reason of the cnlightcnment it sheds on 
life, each one of us, for our own sake and for the sake of others. should possess. 

Man’s big job consists ot two paramount activities: adjustment of 
himself, as a mammal, to his environment; and adjustment (tnorlifica-., 
iiclll j of the environment to himself. Without the development of these 
two capacities, mm, like an amphibian III’ 2 gnril’a, is at the mercy of 
Nature. A serious study of evolution (which includes its methods or 
procesdti.) leads to mastership oi iXature,,C,by learnin,a how to control 
“~durai ltlwb” (rvaiiy rhcre are no such 13ws”)t or to adapt oneseif 
1-n nafriml 1n3cesses or tu cor~lrul tllese pruccsses in on&f own interests. 
;Inp and ever?; form OF superstiti~~n or supernaturalism either makes 
this advznce mpossible or retards the progress of mankind in self-pro- 
tective 0Trations or adjustments. 

Prof. Sir IVilIiam D. ‘I’ait, of McGill University, Cnnatla. has cotl- 
tributed an article to Ti?p .Scicn~~~~c NCJMM~ (.lugust. 1N9, pp. 13% 
136) which wou1.d well repay reading by any thoughtful person. His 
]w>int i5 -hat W-P? nrlw VJP hnr~ <llifirient’ I<nomlPdge of the right l&d 
at our commanrl to make nature a sgxtm, irmead of a nix,te~, CA 
mankind. 

Man’s advance in civilization is thus to be tneasuretl in terms of nicctp of 
acljustmCn: to xi.3 cnvlronmmt. or to pu? It ~.4herwise, his efiicinq/ in meeting his 
envirnnment is the ITWRSUW of his cicili7ation. and the records oi this advance arc 
to he found in the annal;.of science. This increased efficiency can ?nIy come about 
by mu’s knowing more abciut the world in Gich hr: lires, LO matter whether it be 
the so-called outer world of nature, his fellow-man. or CVCII himself. . . Simple 
;+~i f tic- st;I’vmTIpnC map qqwnr that sckncc rwiich, in OW- rlay, rncan~ FI lc!lorvledge 
of evolution] enables man efficiently and competently to meet his environment and 
thus make progress as a civilized human being. yet it has some profound and far: 
rcachiix consequences. It means, first cmf all, tl:at we arc, as yt’:, nnlv at the, 
Ircxinlriuya ul xi~~~~c, a~ld il IUWIIS, iuu, that in Ihc! strllggle for ‘exisrench. which 
5inlgcir is unending. the individuai or natiOn or race which how most :hout the 

1 con&&xx to be met and the way to meet them, in other xords ttie one with the 
best scientific equipment, is the brie which will survive. That ‘inexorable law of 
selccticn siill holds, but in a vrry intriratc, refined. and subtle way. 
rpelk non-adaptability, fnilure, defeat, and submergence. . . . 

Ignorance 
[It is only by1 rigid 

scientific procedure in all the affairs uf life thnt a peopIe can become and rctnain 
rffirirnt wxI rillturPd. 

Tmbedded in ancient rocks nre the Cnsd remainn of thousan& of 
extinct animals. revealing the slow exvolution nf life from the lowcat one- 
celled plant-animxll, on up to the savage, 
prehistoric ancestors of man. 

~tlcl, in many cases, aye-like 

who said: 
It was the great Sir Inhn I;‘. W. Herxhcl 

“Geology in the magnitude and sublimity of the object? 
which it treats ranks next to astronomy in the scale oE s&xc.” And 
John Ruskin declared that “gcolagy .does better in re-clothing dry bones 
a:lrl revealing lost crcntiona than in tracing veins of Iczxl or ~1~1.q of iron.‘* 
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Scientists have unrolled 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 autohiography. 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.” 
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CHAPTER I 

FROM FINS TO LIMBS 

N the preceding volume of this series, we saw how al1 the 
available evidences point directly to the fact that all of the 
land vertebrates had their origin in one or the other of two 
groups of Devonian fishes. The members of both groups 

possessed lun rs; and one group at least (the fringe-finned Ganoids) 
had The begi,nings, or foundation structure of limbs-a developing ii 
L^-- _^.. A.-:-, 1.i.. -^^L_.. .._._^ -_L___ ICllCb&Yldl I”u.JIII”L”I rl~q,J‘UUL”J. Siriiii Uf i:it cvi&iiie iiji- tiiis Coii- 

elusion of scientists was not given in the previous .volnme hecalls~! nf 
its highly technical nature ; that is to say, the most elementary statement 
of the (~clditional) facts in support of tlx Iill-origin of man’s linlbs 
would require so many anatomical definitions in brackets, that it would 
make the reading of our story unduly difficuk 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 Doint in our narrative. Of sperir.1 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 thk shoulder-girdle, 
or scapula, as the anatomist calls this ntrnrture, of all land-living vertc- 
brafes, including man. Full details nre presented by Dr. William Ring 
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 (“Evolution 
of Amphibia,” Pldosophical 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- 
,cir& in the fnwil Cm-m namerl hy him Eogyri~zzcs, fitling thr erstwhile: 
gap between the lob&finned fish and the oIdest known amphibian. Ac- 
cording to Professor Gregory, 

The subsequent evolution of the shoulder-girdle from the earliest amphibian 
to rnzxq 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, nnfferd pm- 
yressive reduction in the series of mammal-like reptiles until in the early mammals 
it has either disappeared entirrlp, or. according to Rroom, hecome redllced to the 
condition of a vestigial dermal cap on the acromial process of the scapula. The 
lowest nf the rdstinp: mammals,~ the monotremes of Austmlin, still retain a well- 
c!eveloped interclavicle but in ammals above the monotremes this element becomes 
vestigial or entirely disappears. 

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

In the earliest attempts at locomotion, the wriggling movement of the ‘body 
brought about by the zigzag muscle segments of the franks was still the primary 
source of forward locomotion, the hands and feet serving primarily as temp6rary 
braces for the alternating transmission of this wriggling thrust’ to the round as 
the body swayed and bent first to one side, tnen to the other. f Presaltly t le ventral 
surface was liFtetl comple!eIy off the ground and llenceiorlh the creattlre relied 
solely for propulsion upon the lengthening or extension of the limbs. From the 
very first the limbs ncwl RS jointed compound levers which alrernateiy folded UD 
and extended. on the very same principle which is still found operating in the legs 
of man. From the first also there was 5: criss-cross- alternation of flexion anll 
extension pf the fore and hind limbs, acccrding to which, for example, the right 
fore limbs would be moving backward while the left hind limb was moving forward, 
just us our arnu s?c<ny altcrnafivcly wzth fhc mowwtents of o:;r Legs ijb -&alkitlq 
[italics mke]. 

The early amphibians, whose skeletons arc known to as, were sziil 
])rirnitive, not ouly in the DevcGan Period, but also in CarholCferons 
tkncs (Mississip~~ian period) that is to say, about 360,000,OOO ywr:: 
ago. We ItnoLv that they were still fish-like and resembled in man:, 
ways the lobe-finned fishes irom which. as the eviclence previously pre- 
sentecl clearly shows, thq were ~:raduiilly evulvrd. This transition wn5 
rioubtless a matter of tens of millions of years, and, according to Ushorn 
xncl other competent paleontologists, took place in Lower Devonian if 
1~11 in Tl.~per Sillil-i.m times. They provccl thcmselvcs to be a highly 
plastic a&l adaptable form of animal, responding rexSly to secular 

.chatqcs of enrirotment. some event rlnlly rvolviq into tvI>cs :tdaptd 
Lu c~\llclLlc.ly ;II it1 cull<lili<~lls. Dy Mirlcilc Devonian ti~nc the variou: 
forms of Amphitria had become distrihrlt4 *vet- n ~virl~ 2~~2 of thr 
earth’s surface, ancl they continued to flourish until the cncl of the coal- 
lnrrkng peril>tl. Tt: size, thqr r-augc irnnl about twn inches to more than 
ten feet (Loxomin~J-about the ,size of an adult Florida alligator. The 
varions stnqs of this proqessivc evolution are well represented by 
fossils !)reservctl in tile Coal Mtieasures uf Su~llar~tl, Btrl~e~Lt, Olkiu (;i! 
IAinton), and Pennsylvania. III all, the cd swanips have brought 10 
light 4G genera anal 88 species of Stegxephela--t/x frost ,b~it&ivc? Ordclrr 
of rlmplrzibin, ia which the membrcliae-boI!es ~nade ;I crm!~kle CUWL ir~x 

to the ‘skull. 

Here the evolutionist naturallp asks, whence these armor-plate 
protective hones ? IJany of these hones have been identified with 
those of ancient fishes, especially of the order Ostrclt~idoti-e. g., Os- 
teoIe+, Saui+terus. In other WW.ls, the “:Irruor” ~9s n heritage from 
the rish ancestors. ( See Roy I*ee Moo&, “The Coal Meaw-es Amphibin 
of iYorth America,” in which 90 species of .\mphibia are fully described. 
Pzcbliratiom of the Carnegie Institution of Washington, So. 238) _ 

It corzltl hardly be doubted that the average intelligent reader wouId 
naturally assume that thrre is a greater “gq” frnln the standpoint of 
evolution, between sharks and the Amphibians (or Baaachians) than 
between the (higher) bony fishes and the sharks. This, however, is not 
thP opininn nf ~xpprfs in n-0lng-y. 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 
$U.KE Now, the sharks have 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 z&ich is 
sjtod‘ified into @.~s” (C. T. Regan, ‘Papers on Classification of Fishes, 
Ann. Msg. Nat. Iiisf., 1909-13 ; “Classification of Selachians,” Proc. 
Zoul. SOS., Vol. 2, October 10! 1906). 
‘-1. *. 

Reichert was first to suggest that 
b,.,.. ,.I^,:- -I ,l.- -:A11" ^^I .l--:--1 I... .--^ I..-, 

LIIL ""rly c11c4111 "I LLlC IIIIUUIC: Cdl of mm has been UCLI"cxL) uy ~jlr,UUdl 

modification and adaptation, trom a portlon ot a modified glil-arch- 
I. e., the mandibular cartilage (lower jaw) of the fish. 

A clear picture ul tht: still fish-like: earliest lamI animals, ancl the 
environmental changes which led to their further evolution, is given by 
Prof. Oshorn in his splendid work, “Origin and Evolution of Life,” 
(pp. 177-118) : 

‘?‘he earliest of terrestrio-aquatic types htive not only o dual breathing Eystem 
t,i gills WKI lungs, but a dual muter 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], 
M-propelled type of the modern salamander and newt. In Upper Carbon- 
iicrous and early Fcrmian time the lerrrslrial ~mp?&ims’ lA&m lu br jamred GY 
t,lx Lund 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 
ni 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 Ampbibia-are still recapitulated in a few days in 
the deveiopment, and later metamorphosis. from the tadpoie to the frog. 
(A section will be devoted to the phenomena of embryology in the sev- 
enth volume of this series.) 

The Stegocephalia (Greek for covered, mailed, or solid-beaded), 
Palaeozoic Amphibia, along witIt very primitive forws of the Reptih. 
chiefly belong to late Carboniferous (Pennsylvani&) and early Permian 
time. In the struggle for existencejon the land, it was a great advantage 
to these creatures that the chest also was protected with thick dermal 
bones, or “armor,” consisting of three large “plates,” wlaich represented 
a i)nrt of the bones of the pecfoval arch of the fishes and were the source 
of the shoulder-girdle (shoulder-blade) of higher vertebrates. In some 
forms (Bvanckiosnwiu), both dermal plates and scales were absent, and 
they were therefore, essentially “naked,” as are nearly all living hm- 
phobia (scaIes being present now only in the Caecilians [dpodn], 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 StegocephaIian 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 iunctionless, as in most 
burrowing and cave animals. In all the Amphibia-ss, indwd, in Man 
himself !-the fish-like muscular connections of the throat with the 
collar-bone, and of the collar-bone with the hack of the skull, still persist. 

The nrmorcd amphibia (stcgocephalians) Ii1 st appeared-not count- 
ing a foot impression (Tlzi~pus) from the Upper Devonian, which 
was probnbly a very primitive stegocephalian amphibian-in North 
America in Devonian tjme and continued to flourish until the F’crmian, 
dying out during the (succeeding) Triassic (first period of the Mesozoic 
Era, or Age of Reptiles). 

The Pennsylvanian-whose strata were laid down about 8Z,Of)O,OOO 
years after Uevoman times-was a period ot: mountain making,, ail of 
North America being dry land-i. e.. having no inland Cepeiric’) ACW;, 
ivhich were formerly more extensive than the land area. This condition 
of land uplift tontinned into the Permian, which followed, and lasted 
for about 25.000,000 years, culminating in the making of the ~?ll:pal- 
xhians, the Onachitas, and the ancestral Rockv Motmtain~. During the 
last third of ihc Lower Permian time a &r&l p&xi. quite as cold as 
that of the I’lrintncem, set ins alnnr wiih wirlwprrntl nrid r-nnrlitinn; 
The less adaptable (or more highly specialized) stocks finally perished, 
both plant and animal forms. 

It nppcarr, that the first amphibian Zlor~s (ah rlistinguishttc! from 
mere foot impressjons) at’t iron? the Edinburgh Coal Mensures of Scot- 
land, which have bcrn referred to the Loivvcr Carhonifcrous; an4 the,y 
are therefore of equivalent age to footprints found in Nova Scotia. 

Pt-of. Roy I,. ?rlooclie, of the University of Illinois Medical School, 
called attention in 1020 to fossils found in I&son Creek, in northern 
Illinois, which lie consitlercd as among the most yrirmtive of Iand vertc- 
lx-ates. In a contribution to TIrc Scidfic Mmtlrly, he said: 

‘l‘here is a small stream in northern Illinois which, since tlx last great ice sheet 
retreated, ‘tias 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 Period 
which was the witness of Nature’s post important moment. The old Indian name 
“Amazon” still clmgs to the stream and it has become famous the world over ior 
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 III,-~quilues, AIK~ by th e mall boys because it is nowhere sleep 
enough for a gootl 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 
exposed to the actlon of the frost, cracks, and thus discloses its buried treasure of 
Palaeozoic insect, centipede, spider, fish, leaf, or, very, very rarely, 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 PI&~. 
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tion of man wet-c heginning to come out of the water and live a portion of their 
existerce on land. 

These little fellows, whose fossils we find on the banks uf Mazun Creek, 
\vrre timid adventurers and stayed close to the shore of the old brackish bayou, the 
relics or’ which have come down to delight modern students in their atteppt to 
crnravel the story of the old world. None of them exceeded eight or at most ten 
inches in Iength. 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 oi 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 animate worId as it is today. 
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CHAPTER II 

EVOLUTION AND CHANGING ENVIRONBJENT 

E have seen, in the prcccding volume, that at a &rtnin stage ill 
the development of our planet, the oceanic areas of the earth 
became less extensive ; that arid conditions prevailed over large 
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 invasioti of the land sur- 
l;;cc:;; ltiy . . . . ..1..1..-...-1:t I F:cl,pc LuI,~,LIIvIuLI '.L.U AIUIIV" ;;&gra!!., rnll*~.,rrl *"**",,I~. The r~mlr,C;nn nF ", "..,...--. "- 

land vertebrates naturally required impo&nt modifications of the res ir- 
atory apparatus, and transformation of the fins of the Fish into P eet 
c-ayatle of treading dry laml. III it t;~n~ral way, irr uutlillc, we have 
already seen JZOZU this evolution came about. That it came about is 
demonstrated both by the fossil record and by the facts of embryolo= 
-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 bran&al or “hing pc~ucl~~s” 01 the higher verlebrate groups. 
;Prof. Edmond Perrier (“The Earth Before History,” p. 116) says: 

They are themseives exactly equivalent to the lungs of the Batrachians 
C=AMWU, i.e., frogs and toads], 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 fundamenfal cortstitution produce the 
Satne effecfq [therefore the known facts force us to assume! logically] that the 
Batrachians owe their external branchiae [in early stages of individual development1 
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 Utpnoi Hung-fishes1 
certainly did [and, often, still dol. The principle just invoked, moreover, is the 
same that has brought about those resembiances, due to causes other than heredity 
rwhirh RI-P always distingr&hahle=I, which are fmmrl among different animals, -and 
which recently have been called convergence-a term far icss exact than lslcore 
Geoffroy Saint-Hilaire’s expression, +arallelism. 

Prof.&or 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?” 

evo&on !f * 
ust ere e me remark that there is no such thing as a “law of 

* tn , lmpeilmg progressive development ‘tn hi&r forms. There 

is spontaneous variation under certain environmental conditions leading, 
wherever possible, ts szcccessfuE 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 carries US back at least GO,- 
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000,000 years ago), and more especially during this stage (Devonian) 
in the evolution of lift on earth, 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 iife were, 
naturally, the ancestral Amphibia, and “they ruled their various environ- 
ments certainly from late Uevonian until well into Yennsylvanian time” 
(some 60,000,OOO years after the Devonian, which seems to have per- , 

sisted for about 50,000,OOO 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 
elevation, accompanied by a Glacial Period in some areas-the Palae- ---:- l-F-- “Z”1C Axa, “1 _- I‘&,-_ A -._ -f TZf-,.-- ,..-4 A---l-X.1,---,, cut? ngc “1 PlSINfS nrlu i-llllytlt”lctt,s. Q-L-- 1-l,-___- 2 LL^ 1 llCll 1UllUWCU UK 

’ Mesozoic Era, or the Age of Reptiles. 
I&d the physical environment -remained constant f,or all organisms 

during the first thousand million years of the earth’s history-ancl 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 wiih 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 luq$s may be reduced t6 vestiges, 
or completely suppressed. 

Although the AmDhibia were the dominant tvtx of land fauna in 
the Devon& period, t&day they dccupy, in ‘cornpa&& 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-gzpiz. 
water-dogs, and land salamanders-all cold-blooded afiitnals) . 
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 ate 
fertilized in the water and develop there very much as dn 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 tQ, that of the lung-fishes. After a period of 
from a few weeks to a few months, during which they tindergo 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!’ 
(Pr~f. f.hadrs Schuchert, “Text Book of Geology," VuY. II, 11. 405; j. 
From the viewpoint of historical geology, as Professor Schuchert fur- 
ther points out, the Urodela or tailed Amphibia (as distinguished from 
the Anwa, frogs and toads) are of great significance, for this sub-class 
of Amphibia must have had its origin in the Palaeozdic Stegocephalia 
(solid-headed amphibians). The number of toes on each foot varies 
between five, the usual number, and two. S~IIIC 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 Schuchett (Op. cit., p. 409)) l‘is the largest of a11 the 
Urodela, attaining a lenah of five feet. 
tivity for over fifty years.” 

One individual lived in cap- 

Jr, ry Co.., ,nmnh;h;..nc l&a far frnm mr..+c.v +I,,. rsrrnt. Lb I. u”‘y”‘“‘u”” I‘, c LIVI.. Y,UCb,I. Howcvcr ) CL&I- “IQCIL 

salamander of the Alps (Suiama~dra atra) inhabits a tcrritvry whew 
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 (H~rkrrlaa) omit the gilled stage of dcvclopmcnt. 111 Furtu Rico, 
also, there are frogs that have eliminated the “pollywog” stage. In a 
letter to The Atlahc IlrEonthZy, Anne H. Wall states that K. P. Schmidt, 
herpetologist of the American Museum of Natural History, 

found on El Yunque a frog that laid tiny rranspareut eggs in Which could be see:] 
the already developed bnbics whum talc had spared rhe tadpole stage. I iveIl 
remember how our house fairly crept and crawled with specimens brou-ght in by two 
greatly interested small sons ; and particularly tee astonishment of us all when Mr. 
,SM$lt produced his vial of transparent eggs with the midget frogs sitting il- state 

Not only the head, the skull of which is covered with a compact 
mosaic of membrane-bories, reminiscent of the lung-fish cranium? but 
also the brains of the Amphibia recall in many points those of the Dlpnoi. 
The axis of the brain appears straight, as in fiches: 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 Dipnoi,; 
-or of the tincient fringe-finned Ganoids. In the frog, the heart closely 
resembles that of the. Australian lung-fish Ceratodus, which already 
shuws the: tegiIlllirlg uf 11~2 sulxlivision 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 hy the ptrlmonaql veins. There is 6nly 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 (Elasmobrnnchs), the kidney 
being divided into a sexual part connected with the testis and a post&or 
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 a+ 
called dlantoic 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 nor the product of 
some metaphysical directivity pr of a mythical “law”. 
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CHAPTER III 

THE ROMANCE OF “GONDWANALAND” 

N a rerent illtlstrntPrl atticlr, entitled “What the Wnrld Owes 
to South Africa” (The Scthtific Americas, August; 1929, pp. 
11!)-121)t Prof. Robert Broom states that at the end ol lhe 
Coal Period, about 300 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. 
pro&or I3room is of the opinion that nloat of the South ,/\tlantic and 
the Indian Oceans were 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: 

Ear a time, mar11 nf Gondwanaland was covered by ice; but soon after the 
end oi the Coal Period, 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 gI;yv; 
<luring the Iivc VI- ten &llions oi yearc that Lllowod the Cnnl Perbd. 
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 
;!e&ted. 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 Brazil. 

How did it reach Brazil if there was no “Gondwanaland”? Be it 
noted that 211 &dPnw is naainsl t_he ccmnnsitinn that g.nirn.als of fhP grnp 
Venus Iravr, at-;i11IES,ilr;sd~~~~~~~cnde~~I;;1;in-different parts nf the world. 
A common origin and migration explain all the known facts. But the 
general question of the geographical distribution of plants and animals 
is 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 Broom 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 iike 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-Iike 
reptiies-primitive types in the lower beds, and in the upper layers the -remains 
IIf 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 Gondwnnalnnd 
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 Wween Alaska, all of what is now the United States, Iceland, 
Greenland, Europe, and Siberia. 

Following the Permian Period --a system of rocks named after the 
pfovince of Perm, in eastern Russia- which closed the Palaeozoie Era 
(Age of Ancient Life). begins the Mesozoic Era (Age of &fedieval Life, 
or Age of Kcptitcs), the first divisiull 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 hfe, in an evolutionary series. 
evolved forms of life? Broom says: 

Whence came these more highly 

Ii WIW urelr;iy iitt: icsuii ui a puriiou ui i’ne riividiq scd’s ‘ue~rni~~g iand, anti 
the new types of animals and plants that had ken evolving in Gondwanaland over- 
fiowmg into the northern lands and “civilizmg” them. Almost all the wonderfu1 
new types of animals and plants that have hecrl discnverrd in the Tr+sic 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 Amyhibia (a Greek 
term meaning “leading a double life,” or one in two places) were prog- 
ressing tnward 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- 
Imssion of a three-toed footprint ( Thinu~w antdqzrus) . In sediments of 
the Mississippian Period, which followed, WC find t~aclch ul many kinds 
of amphibians, those earliest vertebrates to walk on land. Throughout 
the continental deposits of Pennsylvania, known as the &launch Chunk, 
many footprints of zrnphibians have been discdvelell, but nest of them 
have not fet been described. As long ago as 1849, Lea found what is 
described by Schuchert (op. cit., p. 342): as 

a most ktcresting slab, a little OYC~ five feet Inng, Ah six succcssivt foot impres- 
sions made by an amphibian (PafaPosauvopusj 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 !I 
Virginia (Dromopus) . 

Another amphibian track has been found iu Giles county, 

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

The glacial cPmate and the subsequent long-continued arid conditions .wroug%t 
a mighty ebange in the life both of the lands and DCCB~S. We have seen that for 
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a long time before the Permian the climate had been mild the world over [though 
rrt least two glacial epochs had come and gone bcforc the end of the Cambrian- 
some 300,000,000 years pretiouslyl, 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 Ci.5, non-plastic, non-adaptable] 
stocks. With the glacial climate, there came into exlstenc”e a hardier flora in the 
southern hemisphere known as the Gangalnopteris 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 eviderlce of widespread glacial ic+- 
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 cosmouolitan flora and 
introduced a number of new types, known collectively as the Glossopteris flora.1 
This flora provided a different, and probably a better food for the insects and 
reptiles of the land, and accordmgly 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 mnlluscsl (chiefly pmdnctids [spiny-shelled animals1 anal 
orthids), tetracorals [cup-corals], ancient echinids [e.g., blastids, crinids, sea-lilies, 
etc.], and fusulinids [spindle-shaped colonial forms of protozoa with calcareous 
chdlc &efi !impst~np mxkersl and the s,-atte& trilobites rrrn&c~ann dominant ----.------1 

. &-‘CAmbrian times1 also vanished. 
_~~_ _ _..___ _ __~ .~ ___.__ ~~~_, -~~ 
Their places were taken by the ammonids 

[cephalopods with flat spiral shells, some spccics having a diamctcr of three 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 5,400 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 aridity1 and the presence of gypsum and salt [Oklahoma is some- 
times knowfi as the Gypsum State] are the striking phenomena of the latest Penn- 
sylvanian and early Permian deposits ol the southwestern Vnitcd Statca. 

No rock-making records of this period are known throughout the 
eastern half of North America, with the exceptions of a v,ery little fresh- 
water Permian deposit near Danville, Illinois, and a ‘small 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 glacial period of late Lower Permian Lime, the more characteristic 
elements 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 AL- ---:,,r ,--,I l-,-l _..^.. I ,*,l &:..,ll.. . ..L *La *“+:“a .,..&l.,“.. l.a..:,..L~,, :..“l...l:..,.. lllr 111111cx11 .‘I,,” ““IIUWLILIc% , aJ,u l+wJ “I L“G L..&‘,b OVULI.b.1. r’~~.‘,~Jy..~‘r, rLLb.,uurrrg 
Antarctis. This plant assemblage IS known as the Glossopterzs or Gangamofiteris 
flora, because of the prominence in it of these two plants. . . It anpcared about 
the same time in Africa, Australia, Tasmania, southern India, and South America. 

Glossopteris .was a Cycadophyte (pro-Angiosperm), with a net- 
veined (anastomosing) leaf, of lanceolate shape ; Gangan@&& had a 
broader leaf (obovate form). They ~ussessrrl siml& fern-like fronds, 
aud were born on creeping stems or rhizomes, G1os~optk.s was prob- 
ably seed-bearing. (See E. W. Berry, “Palaeobotany : A Sketch of the 
Origin and Evolution of Floras,” Annual Report of tht: Smithsonian 
Itistitution for 1918 [published in 19201, pp. 5289-407). “It is not cer- 
tain,” says Professor Berry, “whether they were true ferns or represent 
the seed fefns so common in the Palaeozoic” (Lot. cit., p. 383). 

In the period now under consideration, one of the most important, 
fron? the standpoint of evnlution, in the whole history of geology. 
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Gondwanaland, as mr. hnvc jrlst seen. made of a great part of the south- 
cm lmnispherc: cmc vasL coutinent, though in early Femiian hilt: the 
shallow epeiric seas isolat&l certain regions-includingt for a time at 
least, South America. But, as previously stated, the widespread de- 
posits of Permian age having the Gangumoptevis flora, which occurs 
throughout the southern hemisphere, indicates (as paleobotanists truly 
hnld) thst this flnra rould have been so widely distributed only acres:; 
a continuous land, or transverse continent reaching from South America 
to Australia (and to the Antarctic) [ T]. Schuchert says (Op. cil., 11, 
Ml) : 

Belief in the existence of Gondwana is G.lcspread arnor?g European geologists, 
but some American workers do not yet believe in it, mamlp because they hold 
strongly to the theory of the permanence of the oceamc basins anil contmcnts. 
Without this continent, on the other hand, paleontologists cannot explain the known 
distribution of Permian land life, and, further, its presence is equally necessary for 
the interpretation of the pccullar dmtrlbuuon 01 mu ix Iduuda kg:lllrlillg CertaiIlly 
with the Devonian and ending in the Jurassic. 

In the second edition (‘lCE2Q) of his p-cat trcatisc on “The Earth, 
Its Origin, History, and Physical Constitution,” Dr. I-Iaroltl Jeffrey;, of 
Cambridge University, England, discusses. not C~n~lnanalancl in pnr- 
titular, but “land bridges” in general, connecting continents, “largtl~ 
to provide routes of migration for animals and plants.” The waninK 
popularity of this theory, he thinks, is due to the newer conception of 
( A. Wtrge11er ‘:I ) Iluulillg coIllirliI113, UJI “crJuliucl~la1 ~lliT1.” CULIIIIIC~L;~I~~; 
on these theories, this eminent geophysicist says (p. 306) : 

The nlclil: cbjcctL,n tu the th~ry of former lard bridges, which have sunk 
below the sea, is an apparent conflict with isojtasy Lto be .explained later], which 
would be serious if we were restricted to two materials Lconstituting the earth’s 
crl;stl each capable of only one physical state, for then the quantity of the lighter 
material per utlit area would definitely determine the elevation oi the land surface, 
and serious change in the height of the land on a continental scale would be very 
difficult to explain. Rut when WC have three materials, probably each capable of 
R v&rolls ntnte anal nt least one crystalline one, the qtiestioll is on a -very diffcrcnt 
footing. 

/Tb , . ,.e ,-cm-It .q,?Ji.qc. rrol-Jnm;ct Ci’ I”’ 5 ._..... b...~, Fdmrd .SUPEC /la?l-lcll,l\I--f~n?nus ., -,._- _ _" ._ ', 

as author of the “monumental treatise,” “The Face of the Earth!‘- 
assumed only two materials, “Sal” (modified to “Sial” by later writers) 
and “Sims,” dense, basaltic magmas, each capable of only one physical 
state.) 

Under the physical conditions postulated by Jeffreys, the fnmdm-inp; 
of a land bridge could occur without departure from isostasy (Greek, 
WJS, equal, and stasis, condition)-+ term invented by C. E. Dutton in 
1889. He &fined jsostasy as “the tendency tn mxintnin nlnrlntain pro- 
files in equilibrium.” As early as 1855, 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 IndiG 
Ocean ; and he concluded that highlands, including both mountains and 
plateaus, were upheld by differences in the density of the crust. Mare 
recent investig&nns, esperially those now being carried on by Dr. F. A. 
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Vcnning Mcincst, of the Geodetic Commission of Holland, using a sub- 
marine as a floating gravity observatory, and emplo$ng three pendulums 
instead of a single pne, 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: 

“It 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 icebet’g 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 thib theory, were made which showed that 
rhe assumptions are substantially true, and that these light and heavy 
materials extend to a depth of about 60 miles below sea level. . . . Dr. 
Mci~xsz’ glaviiy wurk at XB is &signed prinlarily tu test the isostatic 
condition of the earth’s crust below the oceans. His clata 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 
il clues undtx the cunt inel&.. It mav, therefore, now be asserted that the 
earth’s crust is in isostatic equilibribm. It would remain so were it not 
for disturbing influences, the most important of which fs the erosion of 
Maria! fwIIl !aIld aleaS, aIN! it5 kLll~pU1 kitiUI1 !Jy stlcmls allc! IiVerS 

to 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 
equilibrium exists.” 

For example, if oil and water are balanced in a U-tube, it is evident 
that, since water is the heavier, i+s surface will be lower than that of the 
*:-l.L^- -:1 Irg;llLcl “11. TL :a . ..-.A.. &I.:- ,.A.,:-ln cl.,nc +h, l L,n..., n$ :wwt.,~-., ir, base& 

J.L ,3 U,N’L LLll.3 y,lllLlpL L,lczL LZLL r&lL”lJ “I ‘J”-‘LU.‘, 

Dr. Meinesz has already (1929) observed at about 250 places, thus 
making it possible to show that the ocean basins ary 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 
:m eq~~al 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. -4s Prof. TI. I;. Cleland very succinctly puts it (“Geology,” 
1% 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 bbout 60 miles] 
to flow irom the arra wllicll ia mart heavily wcightcd, 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 continental 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 
aressure cannot be relieved bv the transfer of material by rock flowage such as is 
pcssible 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 
clevatbu ul a nxx.ultaill laugc udhout the aid 0.f Llfc e.rpartsiotr 0J the nrafcrial of 
which it is composed, since otherwise the quar,ti@ of material in the segment would 
be increased bv foldinn and this added weight would cause a slow sinking, and 
mat&al would flow f&m below the heavieisegment to the lighter one, until the 
two balanced. 

The gravity data now being rapidly accumulated bv Dr. Meinesz 
and his associates el&le gcol)hysicists to dctcrminc by un inclircct method 
the difference in weight or mass of one part of the earth’s crust as corn- 
rlared with other !)arts-whether one unit prism ‘or “block” is heavier or 
iighter than some other one. 

Science Setice made a most interesting report on the work qrrite 
~rc~tly call ictl uut Iry I)I. hleiclesz, in association with Dr. F. IX. !Yright 
and E. B. Colline, of the Navy Department. A portion of this account 
follows : 

They found a departure of equilibrium in certain regions, which reveal stresses 
in the ocean bottom or in the subcrustal layers. One of these regions is the central 
part of the Cl*lf uf Monica Rocirleu th7t. twn fpr9t mv-2t~ rl~cpc were crlwlid 
One is the Bartlett deep, about 22,500 feet. southeast of Cuba alld between that 
island and Jamaica. Here they had the busiest time of their trip, ior in eighteen 
hours they made five separate dives and observations. Altogether 49 gravity ob- 
servations, each requiring a selrarate dive, wn e m&. ‘UK Dal tlctt ky, I~wcccr, 
rather uncxgectedly showed no gl-cat stresses. 

North oi Porto Rico they studied the Xares deep, which showed. great stresses 
at work. In the deep itself, the eitles 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 sthdies in the Gulf of M&co, oii 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 th? resu!ts is complete, some new light may also 
he shed on Wegener’s theory that Sorth and South America and Ihropc and Africa 
wwc= d&ally joinp(, Imf that the western continent is ilo:tting away from the 
eastern. In his previous observations Dr. Venning-Meinesz found all excess of 
gravity ofl the Pacific shore uf Central America, which might fur!]&!1 dll indicatiun 
that the Americas were pushing westwards, This would be in accord with. 
Wcrrcncr’s i&as. Now durina this cxocdition. observations wcrc made off the 
Atl&ic 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 ihat gravity is in excess t&-e also, however, 
the theory will get no confirmation. 

(Isostasy is discussed by Jeffreys in the work cited; see Chap. ix, 
pp. IW-110, especially. A far more satisfactory discussion, tor the 
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layman, may he tonnd in the Annual Report of the Smithsonian Institu- 
tion for the year ending June 30, 1921. The study is by Dr. William 
Bowie, .ChiCf of the Division of Geodosy, U. S. Coast and Geodetic 
Survey, and is entitled, “The Yie1din.g of the Earth’s Crust,” pp. 235-247. 
The contribution is illustrated by dlagratns which make it easy for the 
layman to understand the rather complex theory of isostaby.) 

It should be understood, of course, that not all geophysicists and 
geologists agree as to the interpretation of the data at present availabte. 
RVW IWW uutocl~; hnuwb iUl- a certainty crackly what the cul;clitiulIs art: 
-or have been-m the depths of the earth’s crust. The consequence is, 
:IP Jeffreys admits, “a change of state in the lower layer seems to admit 
a great variety ot” hypotheses.” The successive rising and submerging 
of Gondwanaland, or of any land bridge, must therefore be admitted as 
a possibilit?: from the viewpoint of geophysics and geology. Neverthe- 
less, Jeffreys, with laudable caution, says, “1 do not actively advocate 
any of them” (the various hypothcscs). Eut when we come to the 
reason given for his precaution on the questioll of land bridges, we are 
somewhat astonished. Not because the famous Cambridge scientist 
explains that he is “not yet convinced of the cogency of the paleontolog- 
ical evidence,” but because he clearly shows in the succeeding statement 
that he does not know what the paleontologicalevidence is! Any col- 
lege text-book. on geology would provide him with this evidence- 
especially the Pirsson and Schuchert 
edltion of Vol. II, 1924). 

“Text-Book of Geology” (second 
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”)t where he treats, in one passage, of what he 
zays may properly bc cnllcd “occasional mcnns 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 scccis couid resist the injtirious action of 
Fea-water.” Darwin took into account the known velocitv of ocean 
currents (derived from Johnston’s “Physical Atlas”), rang&g from 3~ 
to f3l miles “per diem,” rind the snhsequent experiments of M. Martens 
(which showed that 18j98 of his seeds floated for 42 days, “and were 
then capable of germination”), and the part that might be played by 
seeds lrat~spu~ let1 by (11 i It tin ~tcr, ad ty living tilds. a~cl Lhal se& 
could, in one way or another, be “blown by gales to vast distances across 
the ocean.” Icebergs also, he found, could trailsport viable seeds. 

But Darwin did not doubt, on the scant evidence available to him 
on this point in 1859 (pear 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 period 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, 
acd removes many a difficulty. 

Nevertheless, Darwin was not ready to accept the conclusion of 
some other naturalists that “such enormnltc gmgrqhiral chmgw” hml 
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 heneath 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 
UT ntc,lls standing over them. Whcncvcr it is ftllly admitted, as I bclicvc it will 
some day be, that each species has proceeded from a single birthplace, and when 
in the course of time we know something definite about the means of distribution, . ..^ ..L-11 l.- -....t.l-1 ‘.. ^^““..l”bA .&h ee...r:+.. ,qn fhP fnr--pr p-+&q:: flf ihp tnn-‘. ,, c DUIdLII WC CLlyLVlCCL <II >‘I’CL”“L”.~ >.. .>, ,‘, 

The data that were missing in lG% have since largely been supplied 
by t’ne researches of workers in nearly nil 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 arc plants and low animals,” says Jeffreys. Is a 
can4 0 “low animal”’ Or a rhinoceros, or an clcphnnt? Yet Jcffrcrn 
t&t know that membkrs of the Camelidae (family) originated in North 
America in the Tertiary (probably the Eocene period), and subsequently 
migrated to South America and to Asia; and that, on the contrary, the 
order Proboscidea (e. g., Moeritherium, Palaeomastodon, Tetrahelodon, 
Elephas) 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 aqo). Did they swim the Atlantic (along with innumer- 
able oll~r n~am&liii~~ families), or was there some sort ol Iand bridge, 
connecting, as must have been the case, Europe, Africa, and Asia? Had 
Darwin known, as we know todav, of the many families ancl orders of 
:iiricarl, Asiatic, ar1t.1 Eurol~rarl GQarrts intu a114 away II-urn liultxica 
-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 'i1ow animals” only, as affecting the problem of land elevation or 
suGdence it is difficult to conceive. However, Dr. Jeffreys is not a 
paleontologisr, and may well rest conlent with being une uf the world’s 
,pxtcst 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 DRIF1‘INC; CONTINENTS 

NE of the very interesting hypotheses recently advanced to ac- 
count for many known facts, including the geographical distri- 
bution of plants and animals, is Prnf. .4lfrPti Wegener’s theory 
of continental drift. While a full discussion of this hypothesis 

would be out of place in this voIume, a few explanatory remarks may 
be appropriate from the viewpoint oi the evoiutionist, 

As long ago as 1910, F. B. TayIor, an American geologisl, ashcd 
the question, “Are the continents adrift?” He seemed inclirled to think 
they were, but his argument in support of his views dicl not receive the 
assent of his colleagues. But when, at about the same time, tilt: ww 
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 Euro& and a few, at least, in the United States. 

Uy 1925, three editions of Wr;;crlcr’s “The Or&in of Continents 
and Oceans” had been issued in Germany, and in that year it was trans- 
late<1 into English hy J. G. A. Ykerl. According to Wegener, North 
and south America, Europe, Africa, anJ Asia ‘wcrc once a sin& land 
body. The most ah&ant constituent of the earth is silica (the stuff 
that flint is ma& Gf) ; and, says Wegener, the continents are rigid 
blocks, mostly of silica. These blocks (or continentsj are now floating 
Iike icebergs in a titleless sea of matter, composed krrgely of silica and 
magnesia. Owing to’the rotation of the earth on its axis, the continuous 
mass split, and the rift that resulted becarx t11e Atlantic Ocean. The 
time of nccurrence of.the rift was during the hlesozoic era, according 
to Wegener, which he placed about 40,000,OOO years ago-or about 200,- 
000,000 pears ago according to the geological time &art 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 fit fairly 
nccurately irllc> LIK great rc-cntrmt angle of westmw Africa. Moreover, 
according to. Wegener, 

south of these two corresponding pui~ts, evcr~ projection on the Rraxilian 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 cllectivcly closed throughout. 
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iis the America& drifted slowly LU the west, the Atlnntic basin came 
into exI.steixe. To quote D very satisfactory review of the book, by 
Dr. C. R. Longwell, of Yale University, which appeaIed in the Sudurday 
RK&W of Liternhr~, at the time of its translation: 

‘Ihe movement of South America started first, in Ctetaceous time, whereas 
complete separation of North America cau~ iu a much later geblogic 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 
:~way fram New Zealand. India, which formerly lay beside Madagascar, has moved 
far to the north and relatively eastward. Eurasia and Htrlca nave been crushrrl 
together, crumpling the coast to form the Alps and other Mediterranean mountains. 
The Andes and the North American Cordillera have been ioided 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 Mmntains of South Africa have a logical westward pro- 
lnnmtkn in 2 fo!&d &ail? of the same nrr~ ad fr& near Rt~enns Airs; nnrl the 
&&%%;ian structure lines, broken off-a~&&-in Nova Scotia and Newfoundland, 
mat& exactly the A~~mxican [old> in Ilrittany and southern Ireland. . . . 

Land masses consist essentially of light granitic material, sial (silicon and 
aluminum), floating high in a substratum of heavier basaltic rock, sitna (silicon 
and magnesium). Under any continuous stress the sime 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 
stresses, working steadily for geologic ages, are sufficient to cause slow continental 
movements, although he admits frarlkly tlrdt 01cy appear to be incapable of building 
mountains like the Alps and Himalayas. He does not attempt to explain why ~mne 
continents diift 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 regarcl to the Iand, 
South America, South Africa, part of India, and Australia being, he 
sapposes, 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. 330-331). But Lake (Geagmphical Journal. 
lW.1) points out that a similar glaciation took place at this time in 
Northern Baluchistan, which, as Jeffreys remarks, would,, on Wegener’s 
hvpoihesis. have been practicaiiy on tbe equator; whiie C. E. P. Brook5 
(“Climate through the Ages,” 19%) calls attention to the curious dis- 
tribution of climate in North America at the time, which, says Jeffrey?, 
“is inexplicable on Wegener’s views, but is reconcilable with the earticr 
geologiral ideas nf land connections." 

The Wegener theorv (or hypothesis?) gained the support of Pierre 
Termier, the distingui&ed French geologist and oceanographer. In an 
nddrcss at 111~ I-rr~ti(rzl UC L’-urcuy~trplztr~arc uf Paris (I,utlishe<l in the Rc~zwo 

S‘rien.iifiqz~, May 10, l!XM), Dr. Termier referred approvingly to the 
eminent &strian geophysicist “who uprooted the continents and com- 
pared them to poritoons floating to a port,” or, “better still, to icebergs.” 
I-le .told his’bearers at the Institut (founded by the generous and scien- 
tifically-minded late Prince Albert I of Monaco) that, in his opinion, 
the chains of islantls 
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are comparable to the small icebergs which break off on the edges from the great 
mountains of ice and remain btlhiI~d, b&g more retarded in the intcrvcning waters 
on account of their small sizes. The islands form a group of stragglers behind n 
continent which advances. Consider the insular areas of eastern Asia, the Aleutian 
Islands,. the peninsula of Kamchatka, Kurile, Sakhalin, Japan, Liu-Kiu, I?ormosa, 
Philippines, and Borneo ; are not these fragments of the Asiatic coast detached 
nearly simuitaneously and showing, by their arrangement in garlands parallel to t!x 
outlines of the shores, that they Formerly belonged to them? And the chain 
Sumatra, Java, Sumbawa, Flares, Timor, what ic it, pyrept R truncated extension 
of this tail of Asia, the Malay Peninsula. 7 The sections of the Asiatic tail iollow 
the general movement of Asia but with a slight retardation. \Vhat are the Antilles 
if ‘not fragments large and small of Central Am&cd left behind, the little ones 
more retarded than the large ~nrs and lulmilJt;* a Ilotilla W~XXC ccntcr advnnc~s 
less rapidly than its wings and which incurves thus to the form oi a semicircle 
open to the west? And what do WC see at the southern extremity of South 
America 7 The point of the continent twisted toward the cast, twisted at right 
anrrles. rhen at Cane Horn. and in Staxu Isla1111 ahul~rly trokcn ; but a litlIe furlhrr 
to-the’ cast therc‘arc the’ remains of this point-South Georgia, South Shetland, 
South Orknev. Sandwich Grour~, all one series of wreckage, outlining another . 
illcur& fioriiiu whose left willy nhrusi iurlc:ws ilIt* 1”  ,ixfi 11; -tilt* 

--. Arli w~tic, will& 
oint twists toward the east, as does the -4merican point which faces it across 

R rake Strait. Does not this tlisposltxn m semlclrcles ot the two points and of 
the archipelagoes callsc one to vision tbc rupture of an old bridge which s!~ould 
llave joined the Antarctic to Suutl~ 4111~1 ic.l aid vvIlich. being without doubt too 
thin to resist the thrust of -the marine tlcpths oppoced to its drifting toward the 
west, wou!d have twisted it? two abutments, and not being able IO rest entirclq 
coherrut after twisting, wcultl have broken in disjointed groups of scattered masses? 

Finally, let us corlsidcr Australia. Above is New Guinea, which seems to be 
only a detached portion; above and to the right of New Guinea a.whole chain of 
islands, which curve toward the south parallel to the Australian coast itxluding 
P:o,r Calodsn;a nncl krthor NEW Zcalatxl. l%cs ;t nnt srrm tn pnu thnt thi.y chain 
of islands joins from t.he north of New Guinea to that of the Malay Archipelago 
which I called, a minute agn, the truncated tail of Asia ? The joining takes place 
in the rqion of the YVolIuca and the Celches. where the archipelagoes twist around 
cxliusctll) nut wo~ild mx this twistir:g IJC I.& :u l11c ~<IVJI~CC from south to north 
of the enorrrmm mass of New Geinea-Australia ? Wcxld not these sections of the 
Asiatic tail formerly extending toward khe southeast, as Sumatra, have been 
cleviaTed toward the north by the drifting of Australia? 

Tn his delightful and ktu~ifullp illustrated popular book on geology, 
“This Puzzling 1%x&” (1028). Edwin Tenney YBrewtier sums up the 
evidence offered in suppbrt of the theory of continental rlrift, and con- 
cedes that the continents, consisting of relatively light rocks ahout 40 
milrs thick, tnny hi attzchrrl to an nntlerl~i~p: ~IRSS of crvst~llizttrl bnsnlt. 
frozen on to the under-side of the granltlc 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. 164). 
He finds 

not a little reason for thinking that the uniform width of the Atlantic and the 
remarkable fit between its two sides is something more than an acddent. [Be this 
:I:: it may, our modern plants1 nppeared so nearly at the same time on both sides 
of the North Atlantic that it is not certainlv known where thev first arose. So 
thcrc must either have been a long bridge, wh&h is nnw hmk~n &art, from Europe 
across to America by way of Iceland and Greenland, or else North America and 
Europe must have been one laud-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 
Isles. France, Germany, and Spain, and “is altogeth,er very much like 
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it.” On the other hand, “rocks of the Coal Period in Africa contain no 
coal at all.” Hc feels that these facts point to a til7le, the coal-forming 
I>erlod, 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. l(i%l?‘O), and adduces maw 
exceedingly interesting points in support of Wegener’s bold hypothesis. 

Dr. Jeffreys, on the other hand, contends that the several mechnn- 
icnl forces suggested by Wegener to produce the postulated continental 
drift Av-F hdecpmte. He saps CO+. 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 on an average ~mrkr 107 of the tqjatnriat drift, and therefore at 
the most favorable estimate would take 101’ years to produce the desired effect. To 
produce the effect in 3 x 10’ years we rcquirc a westerly force 10’” times as 
pntmt ~9 t&l friction. nut tidal iriction is not an insignifirrrnt frwrr; ;t hsc 
altered the earth’s rate of rotation very considerably during its history, and prob- 
ably &ring geologic time. -It appears that such na cxtcrrlal force as the modiiictl 
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 
Afric& a “fit” which is, in reality, a misfit of about 35’. 

The coasts along the arms of the angle could not be brought within several 
ltundrcds of ktlometers of each other without distortion. The widths of the ~h~llvw 
margins of the ocean near the continents Iend no support to the idea that the forms 
have been altered considerably by denudation and redeposition; and if the forms had 
heen attrrpd hy 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 Brazilian Heights are greatest near the angle, where the distortion required 
is least.) Similar misfits are encountered in comparing North America with 
Europe. [See P. Lake, Geological Magazine, 59, 338-346, 1922 ; Geographical 
.~oumcsZ, 61, 179-187, 1923.1 A petrological comparison of the regions alleged to 
have been m contact leads to a further set of inconsistencies [as shown by H. S. 
\Vashington, Jounaal of the Washington Academy of Science, 13, pp. 339-347, 19231. 

Rut reference must be made to the assertion that the situation of the Rocky 
‘r\rb&tains and the Andes is what would be expected on the theory of continental 
</rift. On the contrary, it is one of the most definite pieces of evidence against it. 
Either the materials nf the nrean flnorse 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 
subject may consult the symposium on “The )Theory of Continental 
Drift.” 
Tulsa, B 

ublished by the American Association of Petroleum Geologists, 
klahoma, to which fourteen of the world’s greatest geophysicists 

and geologists have contributed, including Wegener, Schuchert, John 
Joly, Edward W. Berry, and other equally eminent experts. 



CHAPTER V 

THE EVOLUTION OF REPTXkS 

T the &se af the CTrhonifemur em, when the Permian roc’ks 
were laid down as sediments on the Pennsylvanian, the far- 
reaching seas of the latter had withdrawn, a long period of 
land-elevation and aridity following. The Permian may be 

considered as a transition period between the Palaeozoic and the Meso- 
zoic. It is interesting to note that, in the eastern United States, the plant 
reiiiai;;8 & *he l-b---:-- I^-^ -l-,.-t-~ I--_ ..-1.1. l?. --^-^-.- -I-..A. It ..- I C‘ 1‘11011 I11V1.G LWWCLJ I SBel‘lulr; ~ul”y&bu pdl,Lb Luau 
they resemble those of the underlying Pennsylvanian. Gondwana still 
broadly connected South America with the OId 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 surface’ deserts existed in the Lower Permian, 
as the ripple-marked and sun-cracked red sandstones and shale and the-interbedded 
salt and eyns~ttn testifv. Central and western Em-one. En&d, and western North 
America are known to have been so affected (H. F. Cfeland, “Geology : Physical 
and Historical,” p, 477). 

Reptiles now gained ascendancy over the previously dominant arn- 
phibians, which have occupied a very subordinate place since the Triassic, 
which folIo\ired the Permian period. Osborn says (Op. cit., pp. h84- 
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 terrestria1 experiments and adaptive radiations of 
the Reptilia, a group which was particularly favored in its origin by arid environ- 
. . . . ..r..l ..,..,l:c:n..” I-L Lh...,. :, rl., ..ra.*:,... :.. l3,.....:,.. A..,. *r - ^.... ,..r,r,..ll.. .I.C.A.e. CY.....I.Y..-_ . .‘% .%.,“.% ,.. . ..% C.CI..Y.. ..> & c . . . . . .,.- . . . . *% <,. 
analogous or convergent groups of amphibians and reptiles whi’~i;“ln~%&$l 
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 
exctusivdy air-breathing, primarily terrestrial in habit rather than terrestri-aquatic, 
superior in their nervods reactions and in the development of all the sensory organs, 
and have a more hi hly perfected cold-blooded circulatory system. Nevertheless, 
the most ancient so Id-headed reptilian ikull type (CotyIosauria [amphibian-like k 
reptiles], Pareiasauria [massive herbivorous reptiles1 of Texas and South Africa, 
respectively) is very similar to that of the solid-headed Amphibia (Stegocephalia) 
Call leading back, as previously remarked, to the skult type of the fringe-finned 
ganoids (Crossopterygia) I’. 

Osborn further tells us that the primitive reptile Varunups, a lizard- 
like polycosaur, with a long tail and four limbs of qua1 proportions, 
“represents more nearly than any known ancient reptile, apart from 
certain special characters, a generalized prototype frown which a11 the 
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eighteen Orders of the Reptilia might have descended ; its structure could 
well be anctstr;J to that of the lizards, the alligators, 2nd the dinoszatlrc.” 
However, he does not attempt to determine “whether the primitive an- 
cestors from which the various orders of reptiles have descended belong 
to a single, a double, or a multiple stock” (Op. cit., pp 186-187). 

Willistpn was quite certain that the reptiles arose not later in geolog- 
ical history th;in the Lower Carboniferous (Mississippian time), from a 
generalized type which he called, provisionally, Protopoda, a fotm an- 
cestral to both Amphibia and Keptilia. “Both classes have advanced 
since their divprp;pnrp, the hmphibia some [sic’l, the Reptilia much.” 
Some of the footprints of the Lower Carboniferous, he conjectured, 
may be of this postulated transition from Protopoda. 

Schuchert thinks it probab1.e that the Reptilia arose earlier than 
the earliest Pennsylvanian time, 

for in the latter Dart ai this Deriod occurred not only true retiiles but also hiahlv 
specialized forms. From the Pennsylvanian and older Permian of Texq Okla- 
homa, and New hIexicq,. Williston and Case have made us acquainted with many 
cliflcrcllt kinds of primltlvc Amphibia, and associated with thm is even a greater 
and more complex society of primitive Reptilia, animals that attained a maximum 
length of eight feet (Op. cif., pp. 416-ql7). 

Prof. E. C. Case, of the University of Xchigan, has made an ex- 
haustive study of “The Permo-Carboniferous Red Beds of North Amer- 
ica ad thrir Vcr I~~K;LI e F~~uTI;I” (PutlicaLiu~ls ui the CarIlrgit: Irlslilu- 
tion, No. 207), and of “The Environment of Vertebrate Life in the Late 
Palaeozoic in North America : A Palaeographic Study” (Publications 
of the Carnegie Instittttinn, 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 cmc!usioa is tcmohnrl thd thm “rsrl-hd mnA;+:nna ” rm&v which the .-UI..-.. . . . . . I..” 1s.. ‘y”. e’“.sY...“.Y, . . ..U... .1...“.. . ..- 
vertebrate life had its main development, were mltlated by a slow uplift of the 
continent, beginning on the eastern side (where it is evidenced in places by true 
glacial conditions) and progressing slowly toward the west. “Red-bed conditions” 
are thus found to occur at successively higher” levels from east to west, largely 
independent of other depositional conditions. 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 cull&lions z~rc rccogniccd OS ~1 distinct environmental 
Unix, indepPt&nt nf, and in many canes distinct frvm, stratigraphic (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,OOO years in which to make the journey! But any 
other hypothesis might, 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 tn grip with facts, tiot 
theories onlv-though there are no theories not based upon observed 
facts, in sci&ce. 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 
latter may rise to the hi&y of throri-s hy the accundation and correct 
interpretation of new and accordant discoveries. We are fully justified 
hy the abundant facts nom at hand in the rational conclusion that mam- 
mals descended from some sllch tvw of mammal-like reptiles nr, I?avc 
been found in the rotks of South Africa. 

The discovery of pro-mammalian types of reptiIes (cynodont, therto- 
dont) in South Africa, with a number of mammalian features, has com- 
pklely upset Ihe uldcr Ltteury, basc~ eutire!y upon anatomy, that the 
Mammalia arose directly from tile amphibians-a view adnpted, among 
other famous scientists, by Huxley, Perrier, LeConte, and Prof. J. M. 
Macfarlane, of the University of Pennsylvania (who still adheres to this 
view, and ably defends it in his “Causes and Course nf Organic Evolrr- 
tion.“) 

In his Presidential Address delrvered before the Paleontolbgical 
Society, December 29, 1922 (Llullctirc of the Geological Sorisfy o[ AYWY- 
l’cn, Vol. 34, September 30, 1923), Prof. William Diller Matthew, then 
curator-in-chief, Division I, of the American Museum of Natural f-Ii+ 
LCIIY (IIUW at the University of California j, statecl some facts which 
s!~ould be of particular value to readers of the older writers on evolution. 

He rrtmrkecl, in effect, that much of the older research in VWLC- 

brate paleontology was >y men who were primarily comparative anato- 
mists rather than geolog;lsts. This was partly clue to the circumstance that 
the fossils known to them were relatively few and more often than not, 
fragmentary. Their preoccupation with comparative osteolo,ay, necessary 
;IS such study was-and still is, for that matter-led to a tendency to over- 
PnlphgCivP Ihe anltnmist’s viewpoint; hence to attach tnn mln-11 vx11.r~ tn 
the study of the evolution of sfructlcrcq, and not enough to investigation 
of the nct~al sequence in time of the ani3flal.s tizewselz~es.. More careful 
str2ttigraphic studies have enabled our more modern experts to define 
horizons, and fannat zones, in much more precise and nearly correct de- 
tail. With the far larger collections of today, about DO percent of which 
is the product of the past 35 years of research, the records are quite a&- 
quate to trace in many cases the cz&z~tion of species and not merely of 
structures. 

The earlier writers on evolution did not attempt this. Gaudry and I-&&e], 
Rutimeyer and Kowalewsky, Huxley and Cope, demonstrated from the p&on- 
tological record the evolution of stnlctnrr=. De&et and Schlosser, Osbbrtt aid 
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 paleontolq,ists had 
no business to reason on or draw conclusions ‘rrom their specimens (in 
his work of 1316, “A Critique of the Theory of Evolution,” pp. 2~27). 
are no longer justified-if they ever were. E-Iowever, 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 illustrate the closeness 01 the primitive mammals to rep- 
tiles, should be mentioned Tr~?ylodon Co~~~Oe~E~S,. whose skull, from the 
Triassic of South Africa, was originally described by Owen and classed 
by him as belonging to a tl~cronic~rpliuus (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 reptiies” (Ann. afid Mag. Nat. Hi&,, pp. U-69, 1918). Its tnammalian 
zfiaracterj t., :-a:“&^ a..,. I., _.^__ 1 1: ̂ ^.. c.. e--J cd:& ̂̂ I --- 1-a ̂-^- 1.. I^ , LIS 111J1a.J) Q1 c “LJ”lKl UKJpl LL.) dl,U 
gardcd as a tluu11o1 yl~~us lqAe.” 

1L Ld.ll II” ~“ugw UC AC- 

in the Museum of Practical 
(This now famous skull is preserved 

Geology in London.) 

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

The change from amphibians to reptiIes 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 less~pe&dired arrlpl&i;uls lwg Ldw c the lattc~ had ~mrchrd the zenith of their 
evolution. 

(Williston produced numerous contributions on this phase of our 
subjcct,mustIy LU bc louud in The Joacr?zu~ vf Gevlog~\r, 1908 lu 1918. See, 
also, his book of 193.1, “American Permian Vertebrates,” and “The Os- 
teology of the Reptiles,” 1.925.) 

In the character of the vertebrae (amphicoelous), which are hollow 
at both ends, and in some cases only partly connected with bone, the 
Thero~~~-/Jm (mammal-like reptiles) connect with amphibians ; wh~ic iu 
the limbs and especially the teeth of certain genera, e. g., the Cyno_anatkzss 
(Orrkr Therqwida =Theromorpha) nf the Triassic, with their Anrr-lib 
teeth, including incisors, canines, and molars, they lead unnrislak~~y-& 
the mammals. The dentition of some species, e. g., I~zostmr~se~~+x, Scym- 
mgmzthus, reminds LIS strongly of the’ dog, or e.ven 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 trrrnsition form will be found in a nlorr. rcu~te ~qx~~p, more 
nearly resembling the present-day amphibian newts, with a lower jaw 
so generalized that it might develop in the styIe of a genuine reptile or 
into the other cxtremc of the genuine maulural. 

But we shall see’that Broom has solved this problem for Cynognu- 
thu.s. 

Prof. Richard Swarm Lull, of Yale University, in his “Organic Evo- 
lution,” says : 
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Structuraily the cynodonts bridge the gap between reptiles and mammals be- 
cause, while the dentnry, 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 
/?\frirs, in 1912. He shocvrtl tlla~ irl UIW (C~u~ynathus) of the many 
mammal-like reptiles whose fossil remaics 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 
tlentary, is formed by the squamosal, and that the posterior encl of the 
dentary merely takes part in the joint. The dentary develops an upris- 
ing “..*t.rwtn:rt iwm.PCE” -“- .,..--.. ~.?dAl tottrhes the q?tamnq!l, 1.?l? %I-! t7Lvx nn 
fhe function of’~r~~~~iating 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, p-went in 

all lower forms, fell into disuse, degenerated, and might have been lnst 
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- 
hrnnc ) 011 parto of the c)c~r (R. Bronm, “Mnmmsl;~n Ad;tnry -T)c- 

sicles,” Proceedings of the Zoologirnl Soviet?!, 191.2). Professor C. Tate 
Reagan, of the Natural History Museum, London, states emphatically 
that “the vc:rccl question of the homology of the mammnlinn auditory 

ossicles may be regarded as settled, palcontolo,y cbnfirming the con- 
clusions derived from embryology.” 

It i? indec~d. as Prof. G. R. deEeer remarks, “a striking fact that thG 
mammalinn car is associated with bones which in the ancestors sel.ved 
to form the articulntinn between the upper and lower jaw<..” ‘FTnwcver, 
as 1~2 remarks further (“Vertehratc Zoology,” pp. 2!1%2!N) : 

1‘1.1 ..,..&.1..1.ml.l* *Lr..nn n.c flrn&an L Ll... L... I.U. ..YU.C C..U..aw .,- ..I.&& tt&?e bc\nnr hq.,.,g lm&!tTmn~ in 

less rcmnrltablc than would appear at first sight, for their essential feature is thPt 
they rcrn;rir articulated to nne another, and so are able to transmit the vibrations of 
sound. The colr~rz~lla arts [a slender rod which connects the ear-drum or tympanic 
membrane with the fe~estro onulis. a small opening between the tympanum and the 
internal ear or vestihula. in the side of the auditory capsule],is pierced by a11 artery 
and resembles the ztapes in certain lizards and Gymnophiona li\poda or Caecifians 
-limbless Amohibial. and in the latter group of animals it map be connected with 
the quarlrata. There is therefore no radical innovation in the fact that the incus 
articulates with the stapes. . . . The most remarkable feature of this chnnge 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 ultimate 
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 parapinezl eyes in ihe roof of 
the brain 01 the Fell~urnyzurl (la~r~prey ) . 

such, no longer exist. 
In the Keptilia these eyes, as 

But in Sphenodon and the Stcgoccphalian elm- 
phibia a small orifice through the bone over the brain still persists. In 
the Iieptilin 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 physinlngirn1 fllnrtinn prnha hly aff~rting sea~~al rlevclopment. 

It was in Petrompzon that we first met with a “pair of pockets” 
ventral *to the nasal cavities, and originally lormerl from theinl. 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 Ilot yrt certainly known. “In the snakes they are very highly tle- 
veloped, and the tips of the forkecl tongue enter their openings ill the 
roof of the mouth” (deF+ers). Tn sclmc fnrmqi inrlrlrlitq nv~rl, JxvA- 
son’s organ disappears. Broom has shown (‘LOrgan oi Tacobson in the 
Insectivora,” Proceedings cf tlac Zonlogicul Socie??,, l!tlbj that chalrgcs 
in hahit bring :Ibout marked alterations In teeth, bones. and rnanv viscera. 
But the delicate little cartilages in the nose are usually so littlc affected 
by change in habits that 

We find almost the same tvpe of structure in forms so dissimilar RS the sheep. 
cat, hedgehog, bat, and lemur fall, of course, mammals].. And as the arrangement 
is an extremely complicated one we seem justified in assuming that the similarity 
iudiuttm dfiuity and COICLI~OH origirl of thcsc types, mthcr than indepcndcnt dcvcl- 
opments of this remarkable structure. 

It is worthy of note that whereas the. fauna nf the !?IJU~ll .A.llicar~ 
Permian-whcrc WC find the. initial stages in the evolution oi dinusaurs, 
birds, and mammals-is largely that of an arid region, the Texas Per- 
mian is that of a fluviatile--river-&k--or littoral-beach-ffacies ( from 
the Latin, maanivg face, hence, general aspect, and in biology, the gen- 
eral aspect or hablt of a species or group of species). It should be under- 
.htwd, l~wtvt~, LlidC IIILKII >t-l 1 eluaiI.ls lu k lv3111d abclur l’crmiari in- 
vertebrates. So far as I can learn, the Dvina River, in Poland, for ex- 
ample-a series of desert 01 plains ~faunas-has not been exp!oited since 
llw. \A,, ,*-I< .-.., .. -_-_ <)I ATrl-,?;t71.-1- _ _. . .-. .-, . , ) :: -rlr;?rt”r r,c ‘I rrnn+,rr-v c,T,> . .,I”CL.LCI I,. ,c L.AII”1 -, Lb%, . nor b,pdS m.,r.+h;..n <rxag LII,LIS 
of importance. apparently, heen added to Fritsch’s pioneer work in Bo- 
hernia, in a small, bllt perhaps rich, former swamp. 

As for the Triassic Periocl, the least kllo\\-n chapter, ‘so far as ICY>- 
tiles are concerned, at IeasT, is America. Professor Matthew said in 142~ 
-and this appears still tn llold good, nccor(ling to the recortls nt my 
command : “What little has heen accomplished in this direction is due to, 
the energetic prospecting of Dr. Case. and contains prorr&ing prospect 
far the fl1tm-e as well as a few but very interesting zddditions to the: 
Triassic, fatmae.“. 

In Europe, however, some very important discoveries have heen 
made, especially in Germany, but these do not closely-concern cs in this 
SiOT. 

Osborn raises and answers the very natural question as ‘tn why the 
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dog-like or beast-like reptiles (gorganopsians) of the Karao series of 
South Africa (Y500 feet of strata, conslstmg of shales and sandstones, 
“chieflv of river flood-plain and delta origin, ranging in time from the 
basal Ijermian into Upper Triassic”) were so highly favored as to become 
the potential ancestors of the mammals. The first reasotl 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- 
so&ted with increasing intelligence. Moreover, he notes how their leeth 
had varied in different directions, 
various kinds of food, which 7 

iving them the ower to dasticate 
natura ly “leads to deve opment and diver- P 

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” (1005’) and “The Age 
nf M-ammslc" /lQlnI m-d in - _ -.----------- x----i, I-_ - -- - '(The h-i&n nnrl l7vnlr+inn nf T if-" Dr. - _ _ - 

Osborn has shown how the rapid spec;ai~~at;onof;he-~~~~hhas~~~n 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 unon the mechanical evolution. . _ 
does increasing intelligence . . . favor mechanical perfection. Out of the t&$$ 
eighteen reptilian branches only five were destined to survive into Tertiary time, 
namely, the orders which include the existing turtle, tuateras, lizards, snakes, and 
crocodiles. . . . Ey methods first clearly enunciated by Huxlev in 1830 several of 
the ideal yertebrate- prototypes have be& theoretically7 reconstkcted, and in more 
than one instance discovery has confirmed these hypothetical reconstructions 
(“Origin ;?nd Evolution 01 Life,” pp. 192-194). 
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CHAPTER VI 

“LIVING FOSSILS” 

SBORN referred in the above paragraph ta the tuateras. By 
a happy circumstance, a’ representative of this very ancient 
order of amphibian-like reptiles still survives in New Zealand 
(S+wwdon [Hnttcuial p~wsctatwn~). It is the most gcncralizcd 

of all living reptiles. i Its entire structure remains so primitive that it 
represents a striking illustration of the transition form from aml>hibian 
to reptile, As William Bijlsche well puts it, this creature combines 
“Lhtz IICW 1 ad L11r: 1” rseul-day likucl iu iltl almval 11~ulr*1 shape.” tiadow 
speaks of this surviving form as “the last living witness of bygone ages,” 
a “living fossil.” However, although it cannot be denied that the tuatern 
(the name given it by the Maoris of New Zealand) is, as Gadow says, 
an “almost ideally generalized type of reptile,” Williston finds in the 
fossil Palaeohatterin 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 
S@zenodon, though the tuatera is decidedIy primitive in some features, 
especially in the skeletal structure of both limbs and girdles, and in the 
absence of a penis. 

Splrevrvdurc is cl spwics, g~rlus, Cd~dy, ad UI&I all ty irsdf. It is 
a reptile, but it is.neither crocodile, lizard, snake, nor turtle. 
speaking, it is more of a lizard than anything else. 

But? loosely 
Among other very 

primitive features in SjhcnorIo~ is its surviving “third eye,” or pineal 
organ, which is less degenerate in this than in any other living animal- 
not excepting Pefromyeon, which has two pineal organs, whereas S/#lepfo- 
dun has vuly UII~, rep,reseulillg eithc~ the right or the ler’t organ. The 
organ has lost its function as a true eye, but is still sensitive to light. 
III 14 weE-11rescrvecl 8irguce&liau skulls (Paaiaeozoic Amphi&), a 
single small orifice through the roof bones over the brain is to be seen, 
representing the pitleal eye. The rudiments of this eye are present in 
the brain of all living vertebrates, including man. Its ancestry can be 
traced back at least to Pennsylvanian time. 

Why has Splzetzodon outlived the dinosaur and many other pre- 
historic creatures which first ap 
has it not changed or at least a cf 

eare4 on the earth long after it? Why 

life still extant 1 
apted itself, as have other old forms of 

Dr. G. Kingsley Noble, Curator of Herpetology of 
the American Museum of Natural History; says on this point: 

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

He hasn’t changed 

Sphewdon exists today where he does simply because he is unchangeable. Life 
has to adapt itself to conditions. When conditions change, life adapts itself or 
Derishes. That is what happened to the dinosaur. 
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He lived and flourished fgr millions of years. The conditions khanged and he 
didn’t. He died. No doubt S~heltodo~~ died tct~. in other Darts of the earth. We 
have seen him die on the larg& islands of New ‘Zealand. he wouldn’t exist today 
on Karewa if it had changed much. 

This it; one nf the reasons why Kew Zealand is even more inter- 
c&g than Austraiia to the naturalist. It contains traces of forms of 
lift not found clscwhcrc, the living forms thcmsclvcs, mainly bccausc it 
has not changed until quite recently. For example, until recent times 
SpAenodo~z had no competition with predatory animals. The greatest 
enemies of all the prehistoric reptiles wcrc 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 New Zealand until apyroxi- 
mately n thousand years ago-a mere moment in the history of the world. 
l’l~e first mammals in i\;ew Zealand were men, and rats which the men 
brought with them. Nor has the vegetable life of the island of Karewa 
..l..... . ..1 . . 1. r. ._. .I... A. -..1.1.,. c ..l..... , . .._.... -.. ~IJOIJ.~L;U g~cnuy LLULL~ LLJ~L LU ~IIILLL ~yrwrtvutrn n(33 a~~u3~u~w2ci~ Thi; 
crcat ferns and vines and thorny scrub are still there. 

Thp Ma&s. haoc long cnn&lrrrd thr flesh of the tuatcra B grcnt 
delicacy, and have all but exterminated this interesting creature. How, 
however, the New ZcaIand government has taken steps to protect it 
ngainst 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, S~hcmxio-n flourished all over New 
%caland. But it has disanoeared from the two main islands. and of 
late years has been found ‘ohly on a group of rocky islands, n&c more 
than six acres in extent, in the Bav of Plentv on the east side of the 
Sorth Island. Today they are found only on Rarewa, and only one man 
111c1e kuwws whert: tu liIlcl 111etr1. 

The late Dr. Frederic A. Lucas wrote a very interesting account of 
the discovery and capture of several tuateras. It is contained in the 
iVutwral Science Bzlllctin., issued in 1882 by H. A. Ward, and written 
IJY a nirnitw ul il skiwlilic expc&tiuti h New Zealand. 

;I Iifetime, are all the SphcnodoTt kys. 

While it is true that the generalized reptiles of the late Permian 
:und early Triassic pcriotls gave rise to primitive mamrrials, eomc 100 
milliofis of years were to cc~mc ancf go before the “Age of h~lammals” 
would be reached. ‘l’he imagination 01 man staggers betore t$sc ilgut’cs 
if an effort iS made to think of them in terms of even hunckeds of 
thousands of Fears. IWring this inconceioablc Icngth of time the firsr 
Sierra Sevndn: Alountnins, although formed in the latter half of the era 
(the Jurassic), after being raised to 3 great height, were slowly eroded 
rind f’innllp washed to the sea. 13uring even the last fourth of the era 
(Upper Cretaceous). 24,000 feet of setIiinents--almost five miles in 
depth-were washed away and deposited in the seas. On the eastern 
coast the hppalachiatl Mountains, which had been raised during the 
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&Gg years nf the Palaenznic, were nnw rerlllcetl 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 
lJinta Mountains, and in British Columbia the Cold Range; were raised. 
During this long period a ntlmber of land reptiles had taken to the sea. 
lo’st 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 fins, similar to 
those of the sharks, were evolved. The time came when even 3 seasonal 
return to the land to deposit their eggs was abandoned. Says &born, 
on this point: 

A climax of imitation of the dolphins and of certain of the sharks is reached 
in the development of the power of viviparity, the growth of the young within the 
body cavity of the mother, rcsultinrr in the vourz ichthvosaurs being born in thl: 
water fully formed and able to take care of themseives rmmedlately alter tnrtb 
like the young modert~ whdes and d&him Sn far RS. WP bnnw thk vivi- 
parous habit was never developed among the seafaring turtles, which always return 
to short to deposit their cggo. 

During the Upper Cretaceous, great sea lizards (Order &Iosasauria 
-taking its name from the River Meuse), some of which (~&NZWW) 
were 36 feet or more in length, swarmed the Atlantic and Gulf coasts 
and the interior seas east of the Rockies. They. were capable of makink. 
il nwill ,)I- 11w gia~~t .Fw/lw.s, i, I,IPI~~ r,,,,c. rl.iI .,tllllr ririrrrl rrd in 
length. h/Ionster turtles, twelve to fourteen feet long (Auchclo~). with 
feet tnodified to form “flippers,” then. luxuriated in the warm waters 
which cuverecl what is I~UW westcr-II Kausds. II \VLlS ill 1111. C‘r.Ct~WJllS 

chalk beds of this region that Professors Marsh, Cqle. at~rl others niarle 
their epochal discoveries. Land turtles were as vet unknown. In the 
air (of the Jurassic) were the pteyosaurs (flying lizards). some as sniall 
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 ancastor. 

In the same seas that rolled over wcstcrn Kansas swam the g-cat 
toothed diving bird Hesperolrtis rcgnL,is. But this is to anticipate our 
st-udy 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 
:Cfexico with the Arctic Ocean, a branch of the terrestrial saurians.‘the 
Dinosaurs, or “terrible. lizards,” had spread over North ,4merica from 
the Valley of the Connecticut to what is now the Rocky Mountain regjon. 
At that Tar-off time. the Rocl<~ Mmntains 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. 
Uefore the close of the Mesozoic era? the bipedal Dinosaurs and the 
gigantic Sauropoda [unarmored quadrupeds) had spread to ail the 
continents of the world, even to Argentina, eastern Africa, Rustr:.li:t 
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 Pliny Moody, in the Valley of the Connecticut, 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 migh~t have been made by a 
saurian no larger than a common fowl. Indeed, being three-toed tracks, 
they were interpreted even by Prof. E. Hitchcock (“lchnology of New 
England”) as impressions 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 subject (“Ichnographs from the Sand- 
stone of the Connecticut Rive?‘) in which it was suggested that the 
tracks might not have been made by birds. 18!Ki, IA-of. 0. C. Marsh 
published his now famous Report on “The Dinosaurs of North Amer- 
ica” : U.lU ILL r,ncl ;n 191 r, P,-nfr.ccnr 1 1111 rn~~rle n~rhl:r thrx feca,lte nf him /.~+-~.f,,l I”J., I I”Ix,.IL)“I LULL l&AL&UC yu”“L L&IL IL.JUIL.I “I lll.7 LULL&UI 
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 T3~~nnosuurzrs YCX 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, 
of time as great as 150,000,OOO y.$ars. 

and through a period 
During this period we note how 

the Anchzsnzmts of the Connecticut Valley, first described by Marsh, 
develops into the more powerful AlZosaz4rus type of the Jurassic (Morri- 
son) flood-plains of Wvoming and Colorado. A gradual improvement 
in the teeth fnr the tea&g of flesh, and a development from ordinary 
claws to great talons is noticeable. Both the relativeIy smaI1 hands and 
the teeth grew in prehensile power, even the hind feet being “adapted to 
seizing and rapidly overcoming a struggling powerful prey” (Osborn). 
Tyvangtosnzfrus was 47 feet long, stood 3.9 feet high, and possessed a 
icrrible set of teeth which projected by .the hundreds, from two to six 
inches from the jaw. Its biting power was 260 times that of the largest 
man-eating tiger, and 20.000 times that of an average man. Man’s . . ?)!t!flg pom.ver 1s lqlur.?va!& tQ tell nn11nrlc and t!1at of T11Yn~4lnmlrvrrr ), .e.“.-“V.**., ..” 
would therefore be 200,000 pounds. ‘-‘-Like other Dinosaurs, the bones 
of Tyrnn~~usn~~rz~~ were pneumatic (hoIlow), and its hind legs were 
:ldapted to ral3 motion. In speed, size, power, and ferocity, this verita- 
hle king of the saurians was, as Osborn well says, “the most destructive 
life engine which has ever evolved.” 

Tile recent tliscovery of n large species of anthropoid ape in the 
untrodden forests in the neighborhood of the Tel-~-a River, an ailtuent 
of the R’io Catatumbo, in the Motilones districts of Venezuela and 
Colombia, by the well known explorer, Francis de Lays, D.Sc., F.G.S. 
(see The lllustrcltcd London NPKS, June 16, 1929, where photor;raphs 
af this strange female ape are reproduced&a description of whikh will 
be given in the next volume of this se&es-reminds one of the storv 
brought hack 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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&ot~tosctuvus (thunder lizard) in Central Africa, or at least a reptile 
resembling this gigantic creature; and thex bruut;lIt hume what was 

represented as a photograph of the footprints of the great sauropod. 
These footprints were four feet in diameter, and the animal appeareil 
to weigh about forty tons. 

The explorers got, so they reported, but one glimpse of its twenty- 
Foor: neck and forty-foot tail. the body being partly sllhmrrgecl in water. 
Its “wicked, snake-&e head was gemmed with two large, saucer-Iike. 
phosphorescent eyes.” Nn teeth were vicihle, but the creattrre may 
have had poisonous fangs, like so many ntheJ rf-ptiler. If the beast V.QS 
really thus seen for an instant, half hidden m a subterranean 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 extinct neaily 200 million years ago. After what has been said 
of rhe .S‘phzodon, it need not surprise us if some Mesozoic reptile were 
:tirl swimming in the depth!: nf African jungles. 

The World War interrupted the explorations which CapetIc and 
Lepage were conducting for the Belgian government; and these intre+l 
Ilatutilists have not yet, so far as 1 know, secured the necessary financial 
backing t,o 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- 
temporary Brontosaurus, several other naturalists were reported to have 
set out for equatorial Africa in search of a specimen of this reputed 
“Lv~ag lussil.” IL is sigrlilicanl lllaL Llic Snlithsunian L~slitutiun i;~~allceJ 
zn African expedition, tmder the direction of Edward Heller, who so 
successfully led the Roosevelt hunting party some years ago. A press 
&patch, dated in London in 1913, stated that the Smithsonian Institu- 
tier. had offered five million dollars for a specimen of the colossal 
iizard. 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, backe.d by British capitalists, left 
I.ondon for the l3clgian Congo in an independent attempt to reach the 
retreat of the reputed Brontosaurus before any American htmters cr~lld 
get to the region. There are other rare animals, moreover, in equatorial 
Africa, whoze tracks have been observed, but specimens of which have 
never been secured : and these various expeiitions CIT iite nncs may some 
clay ‘bring to light many surprising discoveries, apart from the supreme 
interest attaching to the question of the survival of a Mesozoic Dinosaur. 
(Thq~ have also hren explorers’ tales nf the finding nf mtnnt Dim- 
saurs m 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 shv little lizard, so common in 
nearly all parts of &%rth Amerka. ‘I.‘0 f&l this connection, we must 
take a journey millions of years back into the past, to the very dawn 
of Ihe “Age of ReptiIes”. 

During the earlier stages of the “Age of Reptiles,” when the great 
;1ppalachian 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 \;ar- 
allOpS. Varanops was much like the monitor lizard ( Variant nitoptius), 
now abundant in Fgypt, 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 re 
type from which all the later an s 

tiles, Varanops represents a primitive 
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 tmced, through Varanops and its successors, the cousinship 
,-.F cha Urr\r,~~rm......, 4-n +I.- l:....+cl, ,-cl nhnmnlnr,mr. Al.. mn..r+~r.- P..,l>,W “‘ CIIL UL”“I”J(I“‘ LA.3 L” L‘IC: ‘11..%1UJ CzllU cI‘s.u‘iL.*t,“i‘.J, &jllLI “1<,I~.JLb‘.l. L’IiLInL~, 

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 &cl1 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 
Permn-Trinwir anrestorr, nf the Rrnntosxwns-like rresturw nf Africa, 
instead of the rcvrrse-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 
1.1~ more primitive U&osal*r fossils--a petrified footprint is a “fossil”- 
have been fount1 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 K&v 
England the beginnings of an herbivorous offshoot of the primitive car- 
nivorous Dinosaur stock, leading from bird like bipetlnl 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 j, adopting a vegetable diet, and subsisting on 
the wrrlllPnt vrcetstion of the lagoons, J.&s. and marshes, gradualJy lost 
their sharp, typlcatly reptile teeth, and developed strong, slow-moving 
elephantine legs, made necessary by their increasingly ponderous bulk. 

Hut this does not tnean that the power of raising the body on the 
hind-limbs, for the purpose of reachin, q leaves otherwise out of reach, 
had been whHy 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 foodLto nourish 
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boclics of from thirty to forty tons!’ Even a modern five-ton circus 
clcplmnt ia fed 100 pounda of hay awl Btr pw& of l;raiIl daily, unrl 

still 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 (Platcosaurz~s) has been discovered in Germany 
which typifies a sort of halfway station b’etwten the older carnivorous 
Dinosaurs of bipedal habit and the later quadruped4 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 
re.q.T+rr. :..re fine+ A .,,h,, :, _e.., ehx. L)/.,l,.. hAr...ne,:,, rhnw ,.c:ll .;.,h,,, C~lUllllJ JUJL L‘LJC VL “Y‘I.xL a.7 ,I”“, LI,L IwcI\y III”UIILUIII.J, LllCll JLIII UllV”lII. 

Ikfore vertical movr~er~l ancl cunlinual horizonA folding of the earth’s 
crust had thrown up a mountain-chain, this region was a valley with a 
c&ate comparable, perhaps, to that of Central Africa today. The flootl- 
~v~ters wrrtl IJIOU~~IL duwu from the mountains of the so-called Great 
Basin, to irrigate the meadows and lowlands of Wyomjng and Colorado. 
Here, and in part of what we now call South Dakota, lived species of 
:he largest animal yet known to man. Some of these creatures measured 
rt least a hundred feet, ten feet longer than the largest whales. 

The wonderful Brontosaurus skeleton to be seen ‘in the Amerir~n 
Museum of Natural History, in New ‘Ir’okk, is only G’i 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 nn reason 
to suppose that this particular specimen was anywhere near the largest 
known .in its locality. 

For instance when, some years ago, a “thunder lizard” was found 
in East Africa that must have been, when alive, a hundred feet, long, 
Dr. @born gave it as his opinion that this reptile, Gigantisaur~s (similar 
to the nmcrican L3ruc/riosuurw, a specks closely related to the Bran-, 
fosaz~~) “described as the largest land-living vertebrate , does 
nnt PVPPP~~ in C;IIP thsa co~~rnnnrlc rl;cmv~rerl in the Rlca~L TT;11 LI ‘nf Cmrth .A”. WA-..*.,.. -.a “IO.” ..dl Y..,..‘vy”...., . . . . ..+u .VICU 1.L 9”’ YIUL.. lllll.2 <II_ .,“UL.l 
rhkola.” 

In Colorado and Wyoming dwelt also the less ponderous Dij2odocus. 
a specimen of which is now on exhibition in the Carnegie Museum in 
Pltts‘burgh. This snuropod grew to ‘3 length of 80 feet or more; and 
rose to a height which would make the famous African elephant ‘LJtlmhoJ’ 
i:~ok Iikc a small animal. Uut it was less bulky 2nd lighter nn its feet 
th3n the Brontosaurus, much as a greyhound &ght conlp”re with a 
Newfoundland dog. It may be remarked here that Lepagc and Capel!e 
&limed to have found, besides the footprints of thr mighty rr~~tm-~ they 
reported seeing in the subterranean lake, smaller footprints also. These 
mig:Et possibly be the imprints of a young Brontosaurus-assuming that 
thh whole story is not imaginary. 

Fossil Sauropods have been found not only in Africa and North 
Xmerica, but also in Patagonia’in South America, and in Great Britain 
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and southern France in Europe. Interesting also is the discovery by 
l>r. Kay Chapman Andrews of fossil Unosaur eggs in the Gobi Desert, 
Mongolia. They all became extinct, 
known, before the “Age of Mammals.” 

however, so far as is actualIy 
The North American types died 

out even earlier, before the latter half of the Cretaceous (,4ge of Chalk) 
-at least 175,000,OOO years agd. 

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, 
rn f-r nc ;c tmmr:r> av,.no+ in no-tnvmnl ch-rrn ~~>r-l~~<l~.-m limhp .,I, 1-1 U” 1.J 1.11” . ..a. C”bLyL 1&L “*““I SLLLY ““UyL, ““‘U”“-6 IIIIIVLI. Diffcrcnt 

OI-tiers uf the Reptilia may have had clifferenr: lines of tlescent from 
much more primitive forms; but we should assume, on sound princip!cs, 
that alt the bipedal Dinosaurs had a common ancestry from a sin+ 
lrroup (Amphibia), and that all of the herbivorous Sauropods had like- 
%isc a common ancestry through some one branch of the older Amphibia. 

The Sauropods could have reached At’rica from South 
3 

mcrics 
in the same wav (but, as we have seen, at a different time ant $xe’) 
that camels which appar&tly originated in North Amcricn, wx-hd 
Europe ant1 nsia, or that the elephants, nalivcs wf Rilica? ii1 ii 111uc1t iaicr 

period reached America-namely, by a land-bridge connecting the two 
hcmis~~heres. Hence we should not be surprised to find fossil represcnta- 
Ci”CS or IIW ‘;aul-,-lp”Js ;11 Nu1-LlL Ar~lol ;GL, A1);cul~ua, FILLWX, G1-aaL 

Uritain? and Africa. 

It is, then, theoretically possible-though quite unlikely-that de- 
scendants of these very ancient animals ~111 exist in some of the un- 
cxplort~d regions nf ecluatorial Africa, or elsewhere. Protected by the 
climate ant1 isolation of their jungle bme, they mav have cscapccl 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 certnlnlp tli~d orlt before the carnivorous Dinos:lurs) zre 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 bordered their homes when driven out of the water hv necrssity. 
I3ut their lack of grinding teeth mnde the prairie vegetation nndcsirnblc 
as food; while, once on the land and unable to escape their enemies by 
swimming, their want nf defaiisive armor or nffensiw wPnpnns madr 
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 reptiles, 
Brontosaurus and Diplodocus laid eggs, just as do their near 1tin;the 
hircls. Now, the beginning of the “Age of Mammals,” as its name indi- 
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cntes. saw the rise of the Mammalitl 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 Rronto- 
snurus rejoiced in a brain weighing just about a pound and a half- 
in fxc’t, the pnrtion of the spinal cord that moved its mighty tail was 
I:qer than all the gray matter in a head the size of that of a horse. 
Quickness and forethought wcrc not among its characteristics: and the 
fcmalc Rrontnwrrlrs lrndnrlhtedly left her eggs right out where an in- 
quiring mammal, no larger than a hedgehog, cn~~lcl investigate them. 
These early ,mammals were mostly insectivores ; but few creatures that 
eat animal food will despise eggs. Many and many a Rmntnsaurus egg 
musi have vanished by this route. 

Ti +1-r, &s-era AC thp K?mntncm,.r,,r .-VIP me 1.1m.a ip, nmnn&nn +n tha AI. I41L b&6 "A L&&b YI"11L"IIULLICLO .IU.J UC) 'U'bL I""l'"' LIVII LI, L‘lx. 
laother’s bulk as was the egg of the recently extinct Brontornis (Ithunder 
bird), or of the lZepyornls (most lofty bn-d), a single specimen must 
have been a ban uet for a host of Cretaceous mammals. (The size of the 
eggs found by x ndrews in Mongolia suggest that this must have been 
SO.) So far as hepyronis is concerned, in 1851 a French traveler in 
Jfadagascar found two unbroken eggs that measured nine b? 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 
egc far exceeded this in size. L.‘k I e most reptilian eggs, it probabjy had 
;I tough integument instead of a shell, which would make it easy for the 
tiny rodent teeth to bite it through. 

Another factur which IIILCA have coutributcd 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 
eggs, e-xposed 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 heal iu its reptilian body 
during cold weather. So countless numbers of Brontosauri must have 
been killed off before birth. 

Add the conflicts with carnivorous dinosaurs, especially the dreadful 
T~ramosaurus rrx; 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? 

StiIl, 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 

‘l-HE ORIGIN OF BIRDS 

NE often meets with the statement that Rirrl evnlvwl from 
Dinosaurs; which is much like iaying that elephants evolved 
irom Pachyderms, for the Dinosaurs, like the Pacjlyderms, do 
not form a mrtural Order. Both represent an assembl?ge of 

;mimals only superficially alike, owing to parallel adaptation to a smilar 
environment. They “resemble” one another-as a reptilian group, in th*z 
onf! raw, 2nd RS .7 mnnmnrtiian asscmbiage in the seconci--&ut zre not 
-cnh-allv related to one another. Simikrit?; of outviard form is by .no 
means a Safe criterion of relationship. In a sense, all reptiles are re- 
lntcd, in that they hnd a common ancestor. At some stage in reptilian 
evolution, the common ancestor gave off two hranchcs, one leading to 
the lizar&like types, the other to the bird-like forms. The hip or peIvic 
bones of the two groups, or Orders, are quite distinct in type. 

In his Presidential address pmviously quoted, Professor XattXlew 
names two quite distinct natural orders of ancient reptiles. 

The crocodile-like group-all with a similar type of pelvic bones 
-constitutes the Or&r ~‘(1 ~-i.sci:~~ (lizard-like ischium, one of the bones 
uf lhu pelvis), wllicll incluks I&I-~11% Lwu g:roul)s of Sauropoda and 
Theropoda. 

The second Order is the Or~zitlr~.~chiu [bird-like ischium). This 
stock is also known as Orthopoda (the Prcdentata of Marsh ( 1831-1.809 I 
-----so named because they developed a special hone in the front part oi 
the jaws that is devoiri of teeth). 

The first group, the Saurischia, with crocodile-like pelvic bones, 
inc!u&c !I?Q Sl.!I1-!!!.!!rr Snumpo!!;!, 

tlim~snurs ~cssciitially Iierbivrmusl ; 
gigg.& nltA-rrn&! ~!?!p&t!i<>us -I--..- --.I’ 
the great carnivorous dinosaiIrs 

(suhordcr Thernpoda, large l~ipetlnl creatures’) ; and the subortler Gel- 
urosauria, slender, swi ft-running, bipedal carnivores ; also the more 
primitive l?rinssic clinosaurs. 

The sccolxl group, the Ornitl~iscl~ia, or Orthopodn, with bird-like 
11ip-LuIx:a, irlcl tlC1c.s Lllr cy~tIIudunLs illIt duch-IJillCd clill~~S~Ul~S (Ornitllo- 
poda), bipeds1 herbivores ; the Ceratopsia, 
rupedal herbivores) ; r 

lioi~lecl ~liuosau~s (q’uad- 
md the armored dinosaurs (Stegosauria), also a 

c~uaclqxdal Ilerbivorous type. 

,411 the Ornithischia are distinguished by a horny beak or bill acd a 
bird-like arrangement ‘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 haye three toes-as do 
most birds. This lit&age with the birds is not nearly so significant OS is 
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the nature of the ankle joint. In mammals and living,rcptiles, as Shuchert 
remarks; the ankle joint is br~wee~l the small bones of the ankle and the; 
two larger ones of the lower leg. “Birds and dinosaurs, on the other 
han$ .have some of the ankle bones united with the leg bones, so that 
the Jomt comes in the middle of the aulcle itself.” 

The ‘legs of birds are constructed on essentially the same type 3~ 
those of reptiles, differing markeclly fro11 I the ar1a11g3ueuls Lxd in 
the human skeleton. “Qn the other hand,” as stated by Shipley and 
!Uacflrlde (Op. cit., p. mj, “they agree with the modifications of 
:he hind limbs found in those ‘extinct Dinosaurs which were bipedal.” 
h 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, #I_^ ri.:-1. tie:-- -1‘.--A ,.-- ^-J AL- ..L”-I. .,.--,A,.. t.....:,,t . eh, Cnn4hae.r T,, m.,v,rr UK rlllyl‘ “clug *&r”.yxuc~, cu1s.h ulc xkillh utu.7~1~~ VUL~CU iit LLIL ACULAL~*. ~2s SALULLJ 
birda 111r a& ia yl&ul by scales w&.1x arc raised horn$ plates of skin, similar to 
c5e scales of reptile& The fifth toe corrcspondlng to the little toes of ttrr: ~UW=W 
foot is always absent. 

As for the qgg 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 qua&ate.” 

The red blood corpuscles are nucleated as in the reptile. 

I-luxley 30 clearly pcrccivcd tlic close affinities nf bircls to reptiles 
iha:: he combined the two divisions under the name Sazrropsida. IXCS 
say: : “If we compare the skeleton of a Dinosaur with that of an ostrich 
--a young one is preferalJle---ar.d with those of the earlier birds, we 
$h::!l* find that manv of the barriers now existing between reptiles and 
birds are broken down, :md that they have many points in common.” 

Dr. IV. K. Gregory emphatically declares that “the who!e architec- 
turn of a bird skeleton, indeed the whole intcrcal anatom.y, is 11n~!ncs- 
tionnbly a ndificntion of il pritnitivc reptilian t?y.” 71‘llc 3mgle occipital 
COII~~IC at the base of the ~1~1111 is a typical r-eptllinn fenturc, as are alw 
scaly icei and hard-shelled ( or tough membranous) eggs. 

The heart and arteries of the bird arc the same as those of the 
crocodile with the exception of the left sJ*sternic arch, which is not fotmtl 
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 foramra ljctmeen. Thus there is practically a complete 
u$styntinn nf vmm~r; 2tx-l nrtrrinl hlnntl,” 2s in Rirds and Mammals. 
The crocodiles “have followed part way several of the evolutionary paths 
that have been carried out fully by tl!e birds” (Newman). 

Dr. David Meredith Seares Watson, Jodell Professor of Zoology, 
London University, has, in “Creation by Evolution” (chapter on “The 
E:volution 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. J-ic 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. One 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 a mammal or a bird can hardly work so fast and so long that its muscles 
will tie longer contract. This difference is due to the fact that the mechanism 
far sending R supply of oxygen fn the muscles is mtxh better in the hid 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 
hloorl is then pumped fnrward, thrnllgh a great tuhr, which turns OWT to the righr 
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 
hark to the right nidr nf thr heart and ici then sent tn the Irln~s to get: rr new 
supply of oxygen. 

-4s for brain development in birds, in comparison with reptiles, Pro- 
fessor del3eer finds in the avian brain an elaboration of the grade oi 
structure shown by the brain of crocodiles, “and its distinctive feature 
is that the rorpus strLzatunz has been especially d&elo&d 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 workmg on re- 
lated materials.” 

Professor Watson Ijoints out that the brain of the bird is beet 
sharply on itself, so that the optic lobes of the mid-brain--portions con- 
nected largely with vision-are pressed dawnward and the hemispheres 
are brought clear to the cerebellum, which, in contradiction 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 cc- 
ordinate the motor impulses to the skeletal muscles which bring ahout 
the correct balance of the animal. As balance is a more difficult matte1 
in a bipedal animal than in a quadruped, the cerebellum of birds is c3;- 
respondingly enlarged. 

A strong light is’ thrown on thr devclopm~nt nf the ,bircl’s organs 
of thought, which are high and rounded, by Professor Watson. Sections, 
he says, reveal the fact that 

~11~ great mass of the hcmisphcrc is composed of an enlargement of the corpus 
s&turn in the mammalian brain. The roof of the hemisphere corresponding to the 
cortex in Mammalia is thin. Now in mammals the corpus striatum is generaibre- 
gar,-jd 3s the spat nf thnse imp~~lsrn which rnrry old the instinctive xtivities, where- 
as the cortex is the seat of purposive action. In accordance with their brain-struc- 
ture, we find that birds are creatures of instinc%ve 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 
chameteon. 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 (ripper arm) of both Pterosaurs and birds there is a foramen 
(a small opening) for communication between the lungs and the cavity 
of the bont~ But, as Lull points out, birds acquired a remarkable de- 
velopment of air-sars, prinripally- in the abdomen, hut 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 VI11 

THE ORIGIN OF FEATHERS 

HE distinctive badge and livery of the Order of Birds, said the 
lamented Dr. Frederic A. Lucas, in a popular article written 
for the Xew York monthly, Evolution (July, 1929), 5 few 
weeks before his death, is that they wear feathers. 

X:0 bird is without them, no other creatures wear them, so the bird may be ex- 
actlv defined in just two words, feathered artimals. 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 rrloclified rqtiles 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 StrLIctureS- 
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 
dif’ficulty in solving the v~y interrstitlg yroblern of the origin of fcath- 
ers. , For instance, Newman (Op. cit., p. 266) says: “A feather is a -. -!I,- -..1 I- -I E:--L _sA.*lA .l -.:A. modiiied scaie, tttat arrses frorrr a yap~na ~IIU IS a~ 1113~ CVYCICU WILLI 8ti 
epidermal sheath.” Further, a typical feather %ux&ts of a stiff rod 
or stem, of which the basal portion is hollow and forms the quill or 
calamtrs: the distal part is filled with pith and is called the rach&.” 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 turn 
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 featherr 
are really scales like those found in lizards, but immensely developed and with the 
edges frayed out. Like scales, they arc cpidcrmal, 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 lie- 
ard, is formed ordy 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 z~au(111~ of the 
feather, , , , Down consrsts 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 widerma cells and partly to minute detail (minute mirrors) which causes inter- 
terence ot the hght waves reflected from rhem. 

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 a: first 
impossible that one should have come horn the other; but the first feathers oi the 
chick-those which it grows while it is still in the egg-mist 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 Seing larger. Between rhese incipienr 
feathers and those which we knoti 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 
referreds 

Now, this is all very well from the standpoint of the comparative 
anatomist or the zooiogist, 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 creatur:, Archueupte~ly.~ (Greek, arch&s, old, and 
pterzlx, a wing), found m the Jurassic slate quarries of Solenhofen, 
Bavaria, is so closely allied to the Rcptilia in structure that it is doubtful 
if it 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 185’1 by a second and better preserved specimen. 
all from the same ‘quarries. The birds found were fif different species, 
or e.“*ep& of A;CCnrn..f a-ml+-.PC” C.;n,u thmt &mn nn TI,.,,-~PC;O hLl ,..J;,.c u. L Lb1 L1.L &Uh’Q. V111Lb LIIUI, C‘IIIL. li” J UUIcl.tl.JlL “.ll I CL.C.LI 

have been found. 

Archueoptwyx was a small bird, hardly as large as a pigeon, with 
a small, stout, entizcly bird-like head cxccpting that its jaws (“biI1”) 
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” ha? not 
yet coalesced, by. reduction, there b&ing four separate fingeis, .or -reptile- 
like claws, all of them functionaL The fingers retained the same number 
of joints aa the corresponding fingers of n 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 Briti.sh Guiana). 

Prohably the first stage from a terrestrial to a terrestrio-arboreal 
mode of tife consisted. of climbing up the tree by means of the claws 
and parachuting down again by means of partly deiieloped wings, or 
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icathers, on both arms and legs, the leg feathers degenerating after full 
~le\~elopment oi the wings in the cotlrsc of time. Williatn~ Beebe has 
(Jbserved great feathers on the thighs of modern birds when in the 
<Tmbryonic stage, and. attributes traces of similar feathers to the thighs 
0 f A rchacoppteryn’. From these observations he infers that the original 
method of bird flight was four-winged, the long tail of Archaeoptcryx, 
with its 21 vertebrae each provided with a pair of tail feathers, acting 
as a ruclder. 

Tlxt the Jurassir. l&-A hd nnt dcv~loped full powers of flight is 
shown by the feebly developed breastbone. 
with advantage Lucas’s 

(The reader might consult 
“The Beginnings of Flight,” Andcan Mtm~unz 

Journal, Vol. 16, 1916 ; and, by the same authority, “Animals of the Past,” 
American Museum of Natural History, Handbook Series, ,Ko. 4, 1922.) 

In the later ,birds, as also in the Flying-lizards and the flying- 
m2mm& (&ts), the h+,mc+hnnn ~LPPI \ :E ~tr.-w,.~l.~ &...Jm..J ---.+.,. -“..% \“‘.,‘, “““‘b’J -1. ‘.‘yc”’ 1:: a!! 

three flying groups, bats, birds, and pterodactyls, a vertical keel grows 
npon the breastbone, in oider to furnish a sufficient bony attachment to 
the powerful and greatly developed brmst tiuscles, which arc the prin- 
cipal muscles of flight. 

Recalling the “Biogenetic Law,” it is interesting to note that tooth- 
germs always appear in the embqm of certain birds ; and in all em- 
bryonic birds the wing ends in a sort of paw and the fingers/ are sep- 
arate. 
life. 

Ln ostriches the wing retains reptile-like features even in adult 

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 
nnd second 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 
1.6,OOO kinds of birds now living possess adult teeth. 

Arckzkx@er~x was not a product. of “special creationi” or if ib was, 
the “handiwork” wa% decidedly tiuq$ing; as bungling as that, performed 
on Man; whom Schopenhauer caHed “a burlesque df what he shotdd be.” 
T..“L ..* . . . . -1.. . . ..ll ,.l-:,, Al..” ,,,1:. ,.e....,....l.., ,r A,,,.,, . A‘*-.... -.A,.,. 
JUJL 3”) WC: way WI;‘, au,IIIIc: LIlC =G;PI1J aL*ug~;lcs “I nr‘llwVpCI~yA, wurtl 

we compare its structure with that of a modern bird. Dr. Watson says : 

It is certain that ArchaeoPtery.r was clumsy, incaoable of hovering over -one 
spot and of alighting on a definite 

* Rerch. ’ * * perfectioti of form and motion wh~c 
If was iIl constructed, anti lacked that 

makes the sea gull, a constant source’ OF rlclgbt. 
Is it crcdiblc that a bird that was miraculously crcticd ill a mos&nt shuutd. tx? $cs 
imperfect? Is not the imperfection of the machinery an evidence of evoltiion? Is 
it not more- reasonable to recognize in A&mofiteryz a necessary- stage in the Ion 
process by which a crawling reptile was gradually ccmverted’ into a flying tik& o $ 
today? 

The riext known stage in the evolution of bird life is repfesated 
by fo.&ils found by Professor Marsh (1870-77) in the Upper Cpetwus 
limtitone formations of western Kansas. Great was the sq% d 
‘American &ok&s when, in February, 3373. he announced. the nrese~m 
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of teeth in the birds of the ancient cpicontinental seas of western Amer- 
ica. Bulb bilds hod wcic aquatic in habits, one, ZZm,bzt-ntvh.vJ being 
a large wingless diver, nearly six feet in length, and loon-like in struc- 
ture; the other, Ichthymmk (Greek, ichthw fish, and ornz2, a bird [the 
“lrespcr” in the name of Hesperomb means “western”] ), a small bird 
of tern-like aspect, not so large as a crow. Unlike Hes@~om$ the small 
bird had great powers of flight. The jaws of both birds were supplied 
with small teeth. In Hes/~~~rni~ the teeth were imbe&led i l l ~ IUUVCS,  

firmly fused to the bone, as in many reptiles; while in Iclzthyomis the 
teeth mere set; in &Suite alveoli (cup-shaped smkets), another a~-range; 
ment sometimes found in the jaws of reptiles. In the Cretaceous bilcls 
the long, vertebrated tail of A~i&eopt?q~x had given place to one inter- 
mediate between 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 nRTcfN OF HAIR 

UST as feathers are characteristic (or diagnostic) of birds, 
so hair is cbaractrrislic of ~~~a~~~mals, which, typiwlly, display 
it as a complete covering of the body, The class Manxnalia 
(Latin, mammae, breasts) includes those animals wf;ich 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 of 
-l--1 _^.. A_‘, CL-.- IL-:- a-a... A.+? 1:9, n..nm.c;mm n $n... ..X;mh h.,rm c1p ~~cp~kt~~~~~ or ~LLLA LiIcJI pL LllaLaL llLL, bALLYLL116 u AL., .IL..C.. ..- .- .4 
veJqx3J quills (e. g., spiny ant-eater, porcupine) or overlapp~iq scales 
(e. g., armadillo), which are rea!ly form& of aggregated hairs. 

A hair is essentially a rod composed of closely packed cells mn- 
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 
un a roof, and, as a matter of fact, serve the same function, “Letting the 
water run off.” (The odtside of the feather also, as WC have seen, is 
composed of liorny c&s. The horns of deer, etc., consist of a sheath 
of epidermal substances supported by a bony core.) 

It .is 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, he added, is made possible by a 
little plug of dertms carrying blood-vessels, whi;h is pushed up into the 
lower 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 2 hnir might he rompwed 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 ~,‘rows down into the 
4iermis forming a iittie cyiinriei, at the irase ni whicb.the papiiia is formed. 
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CHAPTER X 

PRIMITIVE MAM.MALS 

E have already met with the phrase, “egg-laying mammals.” 
There are but two families of this lowly subclass (Prototheria) 
of the Mammai.ia ; namely, the Ornithorhynchidae, and the 
Echidnidae, constituting the Order Mo~totrc~na~e. The con- 

temporary representatives of this subclass con&t ot but three genera, 
native to Australasia. These egg-laying mammals, bird-like in some 
fcapdrcs ,..,I nlrr\ nnv,cn:v,;r.n ;, +hn;c P+,.,.~+,,+.A s-n-n rn.-,t;l;n., ,L.,.-,n+m.r. , UllU c4A.J” L”r.La,rA..l~ 111 Lll\rll LlLl LL\.LUI L .?“II1b A cyLL”uI’ LL1cII LICLL‘ 13, 

exist nowhere else bnt in Australasia. 

The African suborder Theriodontia (beastlike teethj , with mammal- 
like heads, are regarded by most authorities as having given rise to the 
lowest of egg-l?yying mammals, “while in the American forms originateti 
the higher reptiles” (Schuchert) . 

About the time of the rise of the monotremes and marsupials (qgg- 
laying and pouched mammals), the southern hemisphere was united mto 
one great continent, and tlxx disconnected. Only il l this wvay cau WI: 
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 
rrrdy lhs (ad iri nu uher way) acwiwt lwr Llle prEs31ce irl Ausllalia ul 
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 being but one opening for the products 
of the urinary, digestive, and sex orgatis. 

While the modern Monotremes reveal to us a most remarkable stage 
in the evolution of reotiles to mammals: connectinn. with the hiTher 
Marsupjalia (,Metatherla) on the one hand and w%h the egg-la$ng 
Reptilh on the other, they must be regarded as highly specialized forms, 
and therefore not r&x-f links in the chain of mammalian development. 
\Ve may assume, however, that their Mesozoic ancestors were generalized 
transitional forms. If so, they must have been possessed of tubercnlatc 
teeth, i. e., teeth with small, rough prominences. And this is piecisely 
what a study of the embryonic Iife of the Monotremata actually shows, 
ior the calcllled teeth found in the embryo of the Orn~thuvlzyt?~h~~ 
strongly resemble the teeth of the Allothe;via, or MlrltitubercuEnfa, 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 embryonic teeth 
of the “duckbill” with the exception of the multituberculate dentition 
of the .4EZotheri~ of the Mesozoic Per.iod. Perhaps such primitive mam- 
mals as the Micolestrcs of the Lower Triassic of Europe. and the 
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Drowzuthcriu~?z s~+~esfre 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 aIready commenced. . . . [In certain instances,] these teeth 
XP: qnite suggestive in general type of those of tb? rat-kangaroos of 
Australia aud Tasmania.” 

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

It is signi ficarli that many ui iiie eariy nlanlmais in tile “Age of iiep- 
tilps” wet-p insectivores or of arboreal habits. t’ossihly the mxmmnls 
of the Jurassic and Crctaceous Periods, as Prof. Edward D. Cope (l&IO- 
1897 j suggests, did much (as remarked previously) to annihilate the 
great saurians of the Mesozoic bf 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 close to that of the pro-mammal,” says Professor Osborn. The 
teeth of Cbnolomys gracilis and E-falodon sculptus are important links in 
the chain connecting the Mesozoic aild Tertiary mammals. The dis- 
coveries of Marsh in the Laramie deposits of Wvoming, 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 (Puerto-beds]. 

The Pantotheriu (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 Dij&podon from 
the Comanchian [Cretaceous] of Como Bluff, Wyoming, and Didrlph- 
&on, Ckvnolestes, and others from the Upper Cretaceous T.ance fot,ma- 
tion of the same state.” 

The qrotofherin (first or lowest mammals) of the Triassic Period, 
the lowest stage of the Mesozoic Era, separated very early into two 
branches of Meta.theria (transition mammals), the one more like the 
Mal-supials. the c&her more like the Insectivora. From the latter were: 
derived the Buthrriu (perfect or true mammals), which later deployed 
and differentiated into many specialized orders. There are now known 
mc~c than TjO gcncra of Mesozoic 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. j. With 
the exception of the opossum, and the rat-like Coenokstes, the %rsupi- 
2!S 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 
2r~hnd in Trisssic times, and from the great northern continent (Gond- 
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wanaland) during the Upper Jurassic or the early’ Cretaceous. A broad 
laurl cunntxtiun between North and South America Dermitted the 
migration of the Mesozoic forms northward on this coitinent. 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, Didef- 
phia, Chironectaae, and the Caenolectes of Ecuador and Colombia, are 
all that remain in South America of these very interesting relics of Gond- 
wannaland, while in Korth 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 Living Fossil Forms, re- 
. . , “ I : , ,+  l , .  - ,Am- . .  , . , : , .4dr.c, : .w , , . - • , . *c  +h.,c:+:r.,,l +..n-- ’ &L. ^ -  ..n-..^^^ > CLLlllljj L” lll”Ublll >LILIILI.TL., ,*~‘~“‘Lu*lc LA aua*~~v~dax LJ pa iii CLBC pi vt;~ ~33 

from an$h%ian like rcptilcs (S,@lte~odon) to reptile-likts IIMIHII& ( MIJI- 
otremes), on to arboreal Marsupials, which connect, perhaps, with the 
early arboreal Insectivores, ancestral to the Apes and Man. In the Mon- 
otremcs WC SW sweat-glands transformed inlu lacleal organs; 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 cletai1 the 
origin of the hair, which so well serves the aquatic Duckbill (Omitho- 
&y~chru) for the retainment of bodily warmth. Hairs, as we have 
Fccn arc not modifications of reptilian scales, as cLrc fcathcrs. The rc- 
rurrent arraugeolellt ul 11~ hairs, however, due to their original develop- 
ment behind scales, has very generally persisted, and may be considered 
to aimply the earlier presence of scales. 

The Monotremata, though classed as mammals, have no true breasts, 
ns have all the placental mammals. In the case of the Duckbill (Pla- 
typus)! the mother’s milk is forcibly drawn through tiny holes in the 
skin of what does service for a breast (Henry Rurrill, “The Platvpus”). 
The mother lays her eggs in a nest, underground, the-number bdng one 
tn three-usually two. They measure about three-quarters of an inch 
i, length and two-thirds of an inch in diameter. 
>fe c&red with a &$v coating, like fi& rrliw 

When first laid, they 
A $ fhey lip Ei& by 

Fide, they s&k together, -and are kept suf fici%& warm by the mother, 
who coils her tail around them, holding them n,&nst her stomach. The 
body temperature of the Monotremes is intermediate between the cold- 
blooded reptiles and the warm-hlooded 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 or’ at least 15’ Centigrade, 

The Family Omithorhyzcidae consists of but one species, Omithim 
I!yrhus nnntinus-the Duckhill Platvpus or “duck-billed mole.” (Orni- 
thorhynchus is Greek for ‘(bird bill.“) Its brain is the most primitive 
of acy known mammal. The cerebral hemispheres are, as in the reptile 
brain, entirely lacking in convolutions. 

The Family Erhidnidae contains two genera, Echidqla. and Proechid- 
~a. Echidna art4ratu is popularly known as the “AustraIian ant-eater.” 
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It is fouud in Australia, Tasmania, and New Guinea. It has a covering 
of quill-like spines, with an underlying 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 Theroniorph 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, eally in the Triassic, fossils are met with wl2ich show a distinct 
advance toward true, though as yet lowly, mammalian forms. In his 
ilaper of 1’311, on “The Structure and Affinities of the d9111titz1bercltlata~ 
(Bulletin of the American >Iusemn, Vol. 33), Broom seems definitely 
to have shown that these fossil forms belong to .the Prototheria (Mono- 
trema’ta, el;g-laying mammals j, and not to the Marsupials’, as we formerI 
rhnrwhc n;nh.,hln ~-SC, v~,mvrlc the I;.,:nrr A,,ctr-xl:.Isl MnnntrPmPc ,I.“U 1.c ,““““““’ *A., ‘LbU’,‘” Cl/.... .‘.“‘b A L...,L*U*..A.. L.*“IIVLLI....,” as 

spe&lized and degenerate dgcendants of the Jurassic Multituberculates. 
Some of these Jkrr~ls l~elbialed unlil lhc Eocek period, ntd cdvanccd in 
general evolution to the Marsupial stage. Professor deBeer savs CI 
them (Op.,cit., p. 453) : 

The pelvis was narrow as in the, reptiles, and the lower jaw, which coztained.3 
single bone,, had inflected angles (a marsupial trait). The single bone (dcntary) IX 
the lower law is a characteristic mammalian feature. The Muliitzt6erculota were. 
however, specialized, and possessed molar teeth with a large number of cusps (hence 
the name’). They are probably a diverpent line which evolved parallel with but in- 
dependently from the remaining mammals. 

J. T. Carter contrihutetl important papers on the microscopic struc- 
ture of the teeth (“Structure of Enamel in Marsupials,“. Pl~iloso~lziccl 
Trulzsaction of tile I2owl Society. Series 13, Vol. 308, 231’1, atld IGiftWCl 

of AIzalony, 1 !lITl ; “Structure of ‘Enamel in Primates.” Proceedings of 
tl~ Zooloqical Sorictv, l!l22), in which he demonstrated that the enamel 
pattern, ih conjunctibn with tube penetration of the enamel. makes it 
I>ossihle to discriminate clearly between multituherculates, Marsupial; 
and PlacentaIs; and the different groups of Placentals. Carter’5 later 
researches led him to the conclusion that enamel pattern is ttwre im- 
portant than tubriiar penetration in determining affinities. 

The earliest fossil jaw iuullcl irk North Amctica which has bcc:l 
positively identified as a marsupial was discovered underneath a dinosaur 
jaw of the Cretaceous period in Mcrntana, by Barnum Brown, oi the 
American Museum of Natural History. It proved to bfz. a near relative or 
ancestor of the existing opossum, which is therefore one of the mor;t 
ancient types of “Iiving: fossils” among extant mammals, 

Genuine placental mammals are now known to have existed ii] 
Mongolia as early as the Cretaceous, thanks to the labors of the Ameri- 
can Museum of Natural History party in tl~ Gnhi Desert, under the 
leadership If .Hoy Chapman A4ndrews. The good fortune of finding the 
world’s oldest fossil of a placental mammal fell to the lot of the keen- 
eyed Q’alter Granger, one of hndrews’ most competent co-workers. 

In an article on “Missing Links of the Gobi Desert” (Scientific 
American, April, 1927’), Dr. William K. Gregory, the.BIuseun?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 Mongol’ 
in which the upp If 

n piacental mammals had reached a very critical stage in evolution 
r molab 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 
c.f 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 naleontoloaical and, anatomical research leads to the in- 
ference that at the time of the Mongolian Cretaceous mammals the Primates, that 
>;rcat order of mamn~;llq ZIJ which man belongs, had xt most barely assumed the stnye 
represented by the exlstmg tree shrews, and would not for several millions of years 
produce relatively high beings, such as monkeys and apes! not to mention-mankind, 
\vhu b the most tiberal allowance,can scarcely claim to be older than the Oligocene, 
c far ater period than the Cretaceous. r 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. 

riuxtey, with his usual prescience, long ago predicted that some 
day fossil remains of the ancestral placental mammals would he ‘dis- 
Jovered, 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 time the source of 
the creodonts or early flesh-eaters, of the hoofed animals, and of the primates 
(Iemurs, monkeys, apes, man). Thts great generalization has received strong sup- 
p3rt from the Mongolian Cretaceous mammal skulls. 

There are primitive, generalized insectivores living today which are 
vnt fir ftnm the nmtntvrw form for a!! &g&r nl~~ent~l mA~mAmA&. Tve ._ _ _r_ _. _.._ _.._ r- ----.,I-- r------‘“‘ 
memks nf the Shww family fit well into this pattern ; namely Gyw.l.nftm 
YnffleG, and Tz4paia. the Tree Shrew. 
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XI 

THE PRIhCATES 

URING the course of his revisions of his great work, Svste~~ 
Naturae, twelve editions of which appea.red between 17% aucl 
1166, the famous Swedish naturalist Linn6 (or Linnaeus) felt 
constrained to include man as a member of his order of Pri- 

mates (which he did in 1758). As thus revised, the group included hats, 
demurs, monkeys, apes, and man. Drop the bats, and substitute marrno- 
sets, and the group stands today as it did in t’ne iast haif of the eighteen& 
century. 

We have seen that while the Mammalia arose during the long Mes- 
ozoic Era-enduring for a period equal to abuul iwclvc prccn~ 01 all 
geologic time-no member of the Rimate group was tiumbered among 
the fossils so far discovered. The mammalian fossiIs recently discov- 
cred iu a Lower ‘Cretaceous formation in the Gobi Desert, hy Dr. Roy 
Chapman Andrcws and his colleagues, represent several kinds of animals ; 
but none of them anywhcrc ncnrly approachca 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 Cnvier and Brogniart the Tertiary, and later very aptly 
called the “Age of Mar~mmls,” whirl1 in this lung Fc1iud u1 lirrlc-q- 
proximately 3l,OOO,OOO 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 fossils (Mullusca), appear 
vihich have descendants among those still existing. The percentage 
-...:.11.. ..:,,, I" +I.,. r.m..unn.. r+..n+n "..A 1,:r1 An.rrr. AAnn .cwv.-a A..,-. +r\ LZ..* 
,qJ,Ul,v ,,DCd *a cut ~"LUI~;CI JLlaLQ a.lC lLllU U""YII, 115111& I.I"lll 1111L L" ll"L 

percent in the earliest of the Tertiary formations, to nearly 100 percent 
in the Pleistocene. 

Charles Lye11 took this evolution among the shells as a basis for 
dividing the Cenozoic Era (comprising both the Tertiary and the Quater- 
nary) into five epochs, or periods, the youngest being given the name 
Pleisstocenc Cmost retem) ; the ncxl luwu, Fliuc~rrs (from the Greek 
words meaning “more recent”) ; then Miorcnc /less recent) ; then Oliy- 
ocenc (a present-day name for the IJpper Eocene, meanmg “lack of 
recency”) : and, at the base, Eocene (dawn of the recellt), I& systemic 
overlying the Cretaceous. More lately, a new epoch has been added, 
the Pnlaeoccne, underlying the Lower Eocene beds. 

The geological-or paleontological-history /of the Primates begins, 
so far as it is now known, with the Eocene. Here we meet for the first 
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knc with the relatives, possibly ancestors, of the lemurs and tarsioids, 
m Wertern North AAmerica-also in the Eocene of Europe. 

In the Lower Oligocene (of Egypt) we meet fdr the first time with 
specimens of the larger apes, consisting of two lower jaws, one, Para- 
pithmu, combining the characters of the tarsioids and the anthropoids; 
the other representing a form which has been interpreted as a primitive 
pro-anthropoid, Projliopithencs, ancestrai, apparently, to the gibbons, 
and by some authorities thought to be the btanch leading to the higher 
npw 2nd 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 
Pliopilhecus and Ptiohylubutc=v, the latter ranging northward into the 
present region of Germany (see Osborn, “Men of the Old Stone Age,” 
p. 4.:). Rmken isaws nf nexly R dazen y&es or gnpra of anthmnnid 
apes have been found in the Miocene and k’liocene beds of lndi&Tc%e 
type of which, Uryopithecus, found its way to southern France. ‘I‘he 
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 Neopithecw occurs in the Lower Pliocene of Germany, near Eppels- 
heim. Unfortunately, this ape is known only from a single molar .tooth, 
which, says &born, “recalls the dentition of Drropitheczls and more re- 
motely that of Homo.” 

An anthropoid known as PaEawjiihecus, 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 chir&anzee, 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 Taufigs “child” ape, studied and reported, 
in 1925, by Professor Da?, and given the name Australopittteczcs (south- 
ern ape j , ‘Tire skuii was tounci iossiiizeci in a iimcstonc 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 Australopith~cus “makes a nearer approach to the Hominidae 
than any existing anthropoid al+” 

1s 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 evi+nce. 
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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.” 
and the study behind us. 

For most of us, time is our only capital--time, 

“What are you doing now ?” he asked. 
((rr . rnnripaiiy, i’m writing a ‘Key to Evointion’ ior Ii&kman-j&us,:: 

“Haven’t we had enougli books on evolution, especiaIly since the 
Scopes trial 7’ 

“Well, yes and no. The trouble is that the books written have to 
be, first of alI, such as will appeal to the general public-persons who 
have not Jready ‘read up’ 01~ tlx 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 
h.ealth, 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 cali ‘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 entertaininrrlv by the pouular -- 
writers.” 

- + 

“Perhaps you’re right. I’m rather fed LIP on the ‘evolution of the 
horse,’ for cxamplc, myself. Moreover. tllose ldluws 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 Iiterature 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 mast 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 OIIC said what ?” 
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“It is exactly t11is need that I am trying to fill. I believe there is a 
real call for a work on evolution that will me& 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 already many elementary 
Little Blue Books dealing with the more popular phases of evolution; so 
I am appealing here to those readers who ticsire tu go more clecply into 
the subject, and who wish to get into closer touch with the orlgmal 
sources.” 

“You mean that some readers want properly documented material. 
Maybe they do: At atny rate, it’s a fine experimeht, and Haldeman- 
Julius &serves great credit for his willingness to try it out. I shan’t 
keep you kmger from your work. Good night !” 
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CHAPTER I 

MEN ANI) MIINKEYS: IS MAN A “GROUNlJ APE”? 

NE 04 the most exasperating statements met with since the be- 
gin&g of 11~ Fundiuneutalisl wal VII ~rm.lcl-~~ Mulugicaf scieilce 
is the oft-repeated declaration on the part of certain “recon- 
ciler$’ that, to cite a recent instance (Popular Science Montldy, 

September, lOi?9), “neither Darwin, the father 1: ?] of the theory of evolu- 
tinn nnr arm nthpr srientist hat PW=W rnn~~nrlml that wmn ;E AncrnnAal .-“--, ---. ..‘., , -.-- . . ---“-..--.) ..-., -. -* .,V.-..-.*YV.. ..I.... .ll,..ll II, \‘r”CCllu\r.r 

from the monkevs. Science has suggested, and research has tended to 
substantiate, their common ancestry, probably in a small tree-dwelling 
animal resembling the lemur.” 

But arc not “the monkeys” descendants of some lemur-like fern), 
and therefore higher in the anjmal scale than lemurs? If this be granted, 
and it 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 arc 
“half-apes.” Is it more satisfactory to think of having been 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 c.ommon 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 ~1s 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 conttilded” 
that the jernur mvm-l diwrtlrr frnm the lnuwct nf &a, Pr;mntm tn the r”“v.. “--v”-J .--‘..I L..” .v ,.C.,L “I .L . IIIA...b” ,.” L&d&. 

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 succeeding the lcmurs 
was a vnonkey sta++-and couId not possibly 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 t6 assert 
that “Ir13r1 lwl rw monkey nnccstol-.” Quite obviously, he had to pass 
through the monkey stage in order to evolve into the next higher stage- 
namely? the anthropoid (man-like) ape stage. More immediately, of 
course, he is a descendant of nn anthropoid stock, tlot a &ect clcsccndant 
of any monkey ancestor. And the common ancestor of man and of the 
four still 1 iving anthropoids (gibbon, orang, chimpanzee, and gorilla) 
Wa.S a geaeralixed uwfhropoid a./w, 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 the-common ape stem form) begrla 
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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 harl for his an- 
cestor- a monkey. This monkey, ancestor of the higher apes, was, in turn, 
a descendant of a lemur-like form, the latter derived from some gener- 
alized mammal, probably an insectivore, of the Cretaceous epoch, the 
period which brought to a close the Age of Reptiles (M&ozoic) and in- 
troduced the Age of Mammals (Tertiary). No zoologist of standing in 
the world today denies these firmly qt~blishecl results of modern re- 
search-not, at least,’ if you pin him down to what he kno~.r to be the facts 
in the case.l 

Yet, turning to page 2’7 of the most recent (19%) popular book on 
cq-glution (“Or,iju throu$ Evolution,” by Dr. Nat1133 Fasten, professor 
af zoolo~ in thc,Orcgon Ststc Agricultural CollcE;c j , WC read : 

A sixth misconwption oftell found to exist nmonp unintclligcnt [!I laymen is 
that evolutionists degrade I ?I man by holding that he is descended from the mon- 
key. So urGersa is this Mief that in many minds evolution is qnonymous 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 professor 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 
:rsserted as to man’s “monkey descent”! 

No scientist denies that’there i.s a very close k&d&? between apes and human 
beings, and that they have many common traits; but persons who have studied the 
problem agree that these groups are UO’L Guite divergent and separate, with numer- 
ous distinct variations [or adaptations] which ,mark them off from one another. 
However, it must be ~minted on; that. caref11l rP%-arrll 111, thf- f:mil hrrmm and 
+4ke remains unearthed during the last hundrpcl years ii; various parts of the 
world has Ied the evolutionist to the conviction that the higher apes and human 
beings which exist at prcscrlt . . . oriflinrtfed from some remote. prc-existins 
siucic oi marrnuai* wiIi$l yuasnsc< iu ~ULIILIIIJL* ,~rti~kl uL i!lc d13iLlci;vr: &a~d.cisr~ 
of bth L.c., a generalized insectivore, frmn which the Iemurs evolved]. From 
this cbmmm ancsstvv, in due course of time, n monlwy l~rmch spra+q, and through 
adaptation and spcci&ation this [monkey] branch has given origin to the existing 
typer; of higher ape*. l.ibr:rricr, thr human stock nyow as mtothrv distinct off~+oc;f 

in a [somewhat1 different rhrcctinn,. and frnm rt [the stock from an orlgmal 
“monkey branch”] have evoIvcc.the different human races which have successively 
populated the earth Citalirq mineI. 

The reader will probably, and quite naturally, find,;tddj:ficul: to 
see wherein Fasten‘s conception of man’s “monkey descent i ers from 
the “unintelligent laymen’s” ! And if he turns to pa&e 351 of the samd 
hook he will find it stil1 more difficult. Here our authority speaks of the 
“identities of organization” of the chimpanzee, goritla, and man, though 
there are some striking differences, or “modifications,‘% the length of 
forelimbs and legs. 
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isms 
This feature, undoubtedly, is an gdaptation to the typical habitats of the organ- 

in question, the higher apes b&g tree-dwelling forms, whcrcas man has bc- 
come almost exclusively a ground-dweller. . . . It is commonly believed thy 
experts1 that the group Eof apes1 from which man directly descended must have 
lived, for a short period at least, in trees, as do the present-day apes, but that in 
the course of time, as man dereloped more cunning and better means .of protection, 
he left the tree tops and sought the open plains. 

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

L-uriously enough, Mr. Orlancl Kay Armstrong, author of the ar- 
title previousIy 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- 
tidy, that he is a product of simian evolution, with “a small tree-dwell- 
ing animai resembling the lemur” as his primitive ancestor! 

Sow, did, or did not, the greatest naturalist of all time, Charles 
Dill Will, CVCl “cuntc~~l tlm~ mm was clesredccl lloru tl~ Illollkcyb”? Mr. 
Armstroqq onyx he did not. But suppose we let the Master’of DOWSJ 
speak for himself. In the last paragraph but one of his famous sixth 
chqter of “The Descent of Man” (2nd ed., lS?‘tz), Darwin says: 

In the class oi mbmmals :he steps are not difficult to conceive which led from 
the ancient Lfonotremata to the ancient hlarsupials; and from these to the early 
progenitors of the placental mammals. We thus ascend to the Lemuridae; and the 
interval is rot vpry wtdr trnm thew to the Snniatlae. ‘I hr Stmratlac f hen hrnrdwd 
off into two great stems, the l\ew World and Old World monkeys; and from. 
the latter, at a remote period, Man, the wonder and glory of the nnivocse, 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 Sitniadae. This family is divided by almost all nat- 
uralists into the Catarhine group, or Old World monkeys, all of which are charac-. 
tcrizcd (as theii name expresses) by the peculiar structure of their nostrils, and 
hv having four premolars in each jaw: and into the Platyrhine group, or Nes 
World menkeys (including two very distinct sub-groups), a11 of which are char- 
acterized by differently constructed nostrils ,and by having six premolars in each 
jaw. Some othrr small differences might be mentioned. Now, man unquestionably 
belongs inlhie dentition. in the structure of his nostrils, and in some other respects. 
io the Carat-hint- or Gid Tb%ru~id divisiuu. 

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 independentlv ac- 
cpircd by bu *ually distinct speck; su Illat lkse characters must llavc been ihw-. 
itrd. But a naturalist would undoubtedly have ranked as an ape or a monkey an 
nncirnt form whirh pnsqesserl many rhar2cters common to ihe Catarhinc nnil 
Platyrhine monkeys, other characters in ,an intermediate condition, and some few, 
perhaps, distinct from those now .found in either group. And as man from a 
genealogical point of view belongs to the Catarhine or Old World stock, we must 
ooncludc. lmwcvcr much the conclu.sion may rcyolt our pride, that our early pro 
genitors would have been properly thus designated. But we must not .fall into the 
error of supposing that the early progenitor oi the whole Simiah 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, Darwin’s great contemporary, ti. J. 
Romanes (1848-1894)) said : 

Here we have a fact, or rather a hundred thousand facts, that cannot be 
attributed to chance, and if we reject the natural explanation of hereditary descent 
from a common ancestor, we can only suppose that the Deity in creating man took 
IIIP mnsf Srrnpulnus pains to make him in the iwge of the beostc. [See, in this 
connection, his Scientific Evidence of Evolutiott; Modal Ezrolufiot~ in Ahnals; 
Llctt tal Bvoiutiott in Malt-Origin Of Hummr Faczdt~~.l 

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

According to the interesting essay by Macnamara, &en at the beginning oi’ the 
Miocene period certain anes had no less Csicl than 170 structural characters in 
common with man; the giant apes of the Early Miocene had 150 of these common 
cha~a~~e~r, which incre;rsad to over 300 in the Mid-Miocene chimpanzee-like form. 
In the Upper Miocene, in his view, man became a plantigrade animal. 

At the prcacnt day? according to Sir Arthur- Iicith, LIWI leas 396 

characters in common with the chimpanzee, 386 with the gorilla, 27’2 
with the orang-ytnn, and 188 with the gibbon. (Cf. Schwalbe, “L’An- 
ihropologic”; alsb Arch. fiir Anth,rop., NCHC Folg.., Bd. 3.) 

These facts have been demonstrated since Darwin’s time, but wouId 
t;ave ken considered by him RS nf the rltmnr;t $nifirance’. It may be- 
nd&d that there are some thirteen minor peculiantles of bone and muscles 
which occur in the human object only as rare and exceptional abnormal- 
ities, hilt w&-h rln OWIW r~gc~lrtrjy aml nnrmally even in lemurs (nurt- 
worth, “Morphology and Anatomy”). 

The distinguished American palaeontolpgist, Dr. John C. Merriam, 
.ctates that althollgh 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, _..- II __ .I: --...- r:. r.-‘.....^ ,L:.-,-..,,” cl5 wc~t as wdgwx~~ IC~LUIC:, Of the gcYiItd 2iid C.IIIIII~~~~F~. . . . 

The prinlate or ran-monkey group was in existence, clearly defined, consider- 
ably differentiated, and widely distributed in Eocene time, five periods before the 
present day, or at the beginning of the stage of dominance of the great mammal 
group. The anthropoid or apt division of the primates wns distinctly represented 
ill Africa in the second or Oligocene period of the mammal age. I3p the middle of 
the third or Miocetie period, forms having in general the characteristics of the 
orang and the gorilla are found in Asia, and a representative of the gibbons was 
prrwnt in Enrope. 

Read now what Prof. Richard Swarm Lull. of Yale University, has 
to my on the question of the ancestry of man and monlrcy : 

The ancestral stock nut ni which the primates arose was undoubtedly the 
Insectivora, some of which, like the pen-tailed shrew, arc arboreal. One visualizes, 
thcrcfore, as the hypothetical ancestor of all primates a big-brained insectivore, with 
keel1 senses, generalized teeth, and arboreal in habits, but one whose limbs, while 
amply fitted for tree inhabiting life, were in no wag extreme in their specialization. 



Creatures of this sort inhabited the tronical forests of z circumnolar 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 t’he insectivorous precursor or of the 
primitive primates themselves, in this northern region, but here vertebrate fossils 
are very rare. Their simultaneous appearance in both Europe and South America 
in Lower Eocene sediments is proof of their migration, not from either one to the 
2ther, but from some contiguous and accessible area. [See Lull’s Organic Evolw 
tim (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 a 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 g-round-ape that his higher de- 
velopments occurred-in a plain, or sparsely wooded area, either in Af- 
rica or in Asia. To qtlote Professor Lull on this point (“Orgnk Evo- 
Intim,” pp. 251-258) : 

If we seek for the arboreal ancestor, , 4 . we would not find him in sedi- 
ments later than the Miocene, and [Joseph] Barrel was inclined to think that the 
u~umentuus dcsce111 lrulll 111~ 11rcs uccu~red a5 fdr hidi d:, Oligu~cue Liulr Gin 
central Asia]. During Oligocene time began R great crustal uplift, culminating in 
the Miocene and lcaving 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 3f the four great apes must have made the 
passage southward before the barrier wan prohibitive, but they left behind in the 
primitiw hnmr, nmnng nthrr nllic4 tyfim, the ancrstnrn nf 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 tropica 
forests which primates love. [Cf. Gregory, IV, K., “Did Man Originate in Central 
A&a?” Tfcc Sriarrrtifi~ AiorrthZ.v, hfay, 1327.1 

3lost readers will comede that Sir Arthur Keith is something of a 
scientist, Yet he insists that “Darwin Was Right.” In his address of 
dqugust 31, 3927, as President of the British Association for the Ad- 
vancement of Science (to be found in Little 3lue Book ,No. 1299), this 
t:nknt aIlalumis1 au*1 ar~lt~ro~x&~gisl said : 

. _. .*n the evidence now at our disposai supports the conciusion that man has 
ariseI:, as Lamarck and Dan& suspected, from an anthropoid ape not higher irr 

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 researches made by modern psychologists have but veri- 
iicd and extended Darwin’s conclusions. No matter what line of evidence we elect 
to follow-evidence gathered by anatomists, by embryologists, by physiologists, or 
by Fsychologists--we reach the conviction that man’s brain has been evolved from 
that of an anthropoid aDe and thar in the m-mess no new structure has been intro- 
&ced and no new or strange faculty intcrpolatcd. 

classing from a l3ritish authority to an equally renowned American 
expert, we find the following endorsement of Darwin’s surmise that 
man passed through a monkey stage in his evolutionary development. 
I’rof. MT. I<. Gregory, of the -American Museum of KaturaI History, 
and professor of Vertebrate PBlaeontology in Columbia University, tells 
ns that, “starting from aboreal tree-shrew-like forms. the primates passed 
‘thraugh a staz-c not unlike the lemurs in many general characters, par- 
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ticulorly of the brain and sL-elptnn, 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 diverseIy 
specialized recent anthropoids, and to man.” 

In discussing the extensive embryological researches of Prof. Adolph 
1.3. .Schrlltz (of Johns Hopkins Umversity), 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 heramr Pxtremely different, the former becoming quite secondar- 
ily a great-jawed, gigantic quadruped, the later, a weak-jawed biped, The 
characters of the brain, ear, etc., are in harmony with tllis view.” (SW 
Gtqnry, “Hnw Near ‘Fs the Relationship nf Man to the Chimp&zee- 
Gorilla Stock?“, %‘he Q~rt~2y Review of L3iolqy, December, 19X’, pp- 
549-560 : and Schultz : “Fetal Growth of Man and Other Primates,” 
Ti70 Stl~. J071r. of iiid., ckt.~-lwfi, pp. 46w1.j 

In attributing to the human stock so late a divergence from the an- 
crstml anthropoid-or possibly gorilloid-stem, Dr. Gregory diver es 
widely from the more recent conclusions of Prof. ITenry Fairfield s- 6 
horn, honorary curator of vertehrate palaeontology and president of the 
American Museum of Natural History; also research professor of zoolo- 
gy, Columbia University. Dr. Osborn, in l%?, separated the ‘FTominidac- 
(human family) from the Simiidae (ape family) as far back as Oliqocenc 
Lk~es, a IIVJ ;~l w111*1r 1111 nl.*ll-like itpcs t.4stcl-l. 50 ITill aa 111~ i&i1 evI- 
d&e goes. This scheme would give man and the higher apes a cotimon 
(“monkey”) ancestor, just as much as would the family tree of other ’ 
(ncnrly all other) 7nnlngists : hiit it makes mnn appear to be Jess closely 
related to the existing four man-like apes. rn a sense, it makc.s man more 
closely related to the monkeys. Instead of being 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- 
fercncc between the generallv accepted theorv and 0sho:n’s hypothesis 
is that the Hom’inidae are g&n 2 longer p~;inrl nf in&pm&nt evohl- 
lion. nut if this new hypothesis is well-founded, how shall yc’e account 
for the close anatomical and physiological relationships of man and the 
&ilnpanzcc and goriiia--and, we might weii a&, the gihhnn and tb 

orang? 

Gregory himself suggested that some of the characters commorl ‘to 
man and one or more of ‘,he anthropods might be due to what is known 
jn zoology as “parallelism,” or the independent acquisition of similar 
characters, due to equk~bnt environmental conditions and incident re- 
quired adaptationq, nftpr the rlivergence frnm 2 rnmmnn stnck. Rut such 
a conclusion could be based only upon pure (though perhaps reason- 
able) assumptions. hence the bm-rlen nf .prnnf tiollld rest upon those 
who would make bold to class all of the many close aireements 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 
defelI-& until later sections of this volume. 



Enough has been said, I believe, to show that there is something 
urrong in the statement so 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- 
ciltrs” really mean is that “no s&&t” claims that man is a descendant 
of any of the &ing anthropoids, or “monkeys’‘-whatever they may 
mean by this latter term. But&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 f’ar different from the earliest Eocene lemuroids, or perhaps, tarsioids, 
these in turn giving rise to the “monkeys,” or proto-anthropoids, and so 
on, to the true anthropoids and primitive man (Eoanthropus)-the real 
diDti.,+?ii &fan JJ cl,, P.-,,l. Cnr.... ,:,,:;:,, C11L UILLR LLllll 3ltjlUllLr--0: a :orm c!osc to the carkst 

completely h;man forms. The four anthropoid apes and man have had 
as immediate, and common, ancestor a creature not far removed strucs- 
rurally from themselves-that is to say, the immediate ancestor of man 
mil the fnur great anthropoids was a very man-like a,fie, diffcrinE in no 
profaund 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 th,ey 
would all have been classed--even by a Fundamentalist Linnaus or 
Cuvicr--as apes, if any scientist had been living at the time to make such 
a generalization ! 

One 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 ! 

W~KII I study tht: anatomy and physiology of the great apes ul ~uclay 

it is perfectly clear to me that the ancestor of all of us was made more 
or less “in the image” of some ancient generaiized ape, not far different 
in appearance frum the IIIU&:I~I JJ.,un. All Luulugists Cuncede .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 Genzls Izoruro without drawing a few monkey- 
like forms, leading to higher ape forms-not to man first, not even to a 
“dawn man” of Oligocene or Upper Miocene times. (Read in this con- 
nectian Prof. Gregory’s “Mqngolian hlammalv of the ‘Age of Reptiles’,” 
.S&nti,fic Monthly, March, 1927, pp. 226-235.) 

I should be curious to know how the “anti-monkey” p&eontolo@s 
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- 
lik apes? If not, how would it be classified? Will some “conciliator” 



please explain huw we can, even in imagination, skip the “monkey stage,” 
somehow advancing from a iemur to man without ever passing through 
on ape ancestry ? 

How, we have a right to ask of the vertebrate paiaeontologist 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 not a dtrscendanl U any branch or monkeys or 
;tpes. (In technical lermindogy, a “monkey” means a primate beLow the 
anthropoid ape stage.) Again, me want LO know how it so happn~ that 
all the primate fossi remains so far discovered lead directly up to the 
stem form of man and the anthropoids, instead of to n pre-haman form 
not directly related to tile four anthropoids and man. 

As a matter of fact, there arc no le+imate answers to these ques- 
tions, and none has ever bee& offered. What we get in the way oi an 
JIIBWVCI’ is LUJLG CII lwa clcrcr cva;riuIw, ucycr z,t d&t, straigl~tfom-artI 
reply. 

The truth of the matter is. as every competent scientist knows, that 
man himself is, as I have said, an anthropoid ape. 
genus of anthrop,cid--ur, a5 

He is simply a ,fifd: 
Shipley allcl Ma&ride very succinctly and 

honestly put it, “man is a ground ape” (Zoology, p. UP, 4th ed.). 

Yet, in spite of ail his inexpressible cruelties and imbecilities. nlan 
must be accorded the description, “a glorified ape.” The fact that most 
men, in comparison with the best of men, do not seem to bc very rnucl~ 
“glorified,” does Jot refute the fact that, as compared with even that 
highest anthropoid of the other four genera, man is very much glorifid 
jtldeed. 

Now it remains Lo prove, by all the available evidcncc, that what 1 
have just said is irrefutably true. 
in the pages following. 

This evidence I purpose to set forth 

Perhaps the question lvill arise in the reader’s mind. “How does it: 
llappen that WC who have read the writing of the world’s greatest scien- 
tests have not met with some of the statements nresented in tllis 3onk i” 

As a matter of fat:, if the reader of thisAvolumc has rc~lly reacl 
even a small part of the work of the greatest living scienti?ts, he has 
read exactly the same conclusions that 1 have just adduced; only, in some 
cases at least, the straight truth has been smothered uxkr a veil or 
technicalities, in order to avoid “hurting the reader’s feelings.” In this 
work I am not in the lc:ast conccrncd with the rcatlcr’s feelings. I 313 
appenlin,~ (0 his or her irttcli&wr, to t'lr mintls of mm RTV~ womrr, whi) 
are able to look Kealily square in t.hr face without flinching. ‘l’hc facts 
I am presentiq are not for those who mistake emotions for thoughts, or 
ctgoistir rcsmtmcnt fcr rc2wning. R/Tnst “hnmsn<” aw, Imhgpp’ily, likr 
ihis. Hut there is an appreciable minority of us anthropoids who have 
developed sufficiently to wznt to know the facts in evidence, no matier 
what our traditional emotions about the subject may chance to be. 

I do not wish to imply, however, that “soft” rhethods of approach are 
not at times, and in certain circumstances, needed. All J.. contend is 



that realistic methnrls are also needed. “Popularizers” arc, I think, abun- 
dant enough. What we most require at present, as 1 see it, zn-e 3 iew 
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- 
promise. Fortunately, there nre rlnite 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 natural science. 



CHAPTER II 

OPPONENTS OF SIMIAN DESCENT 

UT first let us examine more closely some of the arguments of 
the “anti-monkey ancestry” protagonists. 

Although I have asserted that eiery competent zoologist 
,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 (anihropuicis 1, aiid &ally riiaii ilimseli, ihere ap- 
pears to he at least one exception: @pears to be. I refer to Prof. Ii. F. 
Usborn. 

On April 23, 1927, this renuwned placulltuiogist 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 uw 
speculations and our literature” -thus apparently endorsing the position 
of the voters of Tennessee, Mississippi, and Arkansas, and the Text- 
Book Commission of ‘I‘exas! 

Having cast aside as practically worthless ,the grand results of 
more than a century of painstaking research, we may “resolutely se: 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 IIKII, though at the same time 
pre-human creatures. This imaginary stock, Dr. Osborn said, was 
“neither hrlfmn nnr sne,lilr~ ” bet ~29 neverthP1esc ranshle nf transmit.- ..“.....,. . . . ..A..... .*u. ..y‘ . . . . *, -*w, “- .--“*“v... v’,‘-“- w .I a 
ting “certain. common attributes” or’ both apes XJK~ mm lu “val-iucisIy 
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 prodesses. 

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!] man-ape stock (Anthropoidea). re- 
sided the affinity which survives today in all bIood rests, in peculiar susccptibitity 
to or immunity from certain diseases, in resemblance of the haemoglobin blood 
crystals, in the uniform division of the teeth to the number of thirty-two. iti the 
extension of the caudal vertebrae into a’ taif, reversional both in man and apes, and 
in many psychic characteristics such as curiosity, fear, family protection, and tour- 

It is not surprising that these and other ‘common ape-human characteristics 
$% survived when we see similar surSvals among other animal stocks which we 
know pallctf company milfion3 ?f years agQ. 
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Pt would, indeed, not be surprising that “these and other common 
q+human clra~ircteristi~s” should sdrvive if our ape ztnwstor had rlot 
just been abolished, and a mysterious Dawn Man, “neither huinan 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,OOO years 
ago in the Upper CNigacPnP 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. he should like to be told something as 
to their zoo10 ical status and their taxonomic position in the evolutionary 
scale before t 7l ey becatne “dawn men.” If these ancestors of ours could 
properly be classed neither with the Simiidae nor with the Hominidae, 
. . , r . ^ I . . ..r.i. Ai-.. Lb”, JLL “KILL& C.XL IIJhUL>LILI..Q~ \~‘V”U” U-l-l.-r:,,, ,‘,:Lh,.. X,.,.:t..\ ..a.... -1,. cl.,.. ,.A.., ., .A:,, I, 

lnlllll, I JU‘Cl.” LUL.” L”“LU 5:111 “L 

crouped with the Primates ; we could not conceivably exclude them from 
this Order. Since no other families of Old World-dare we say apes?- 
are lwuwu, -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 1713, maintain, as did 
Darwin in 18’W that man descended from the apes, and that Africa 
&IS his birthpi&? 

Usborn tells us that “zohen [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 dcscribc this dawn 
m&after he has been found, or at least to hold on to “the Haeckel ape 
tht!Ofy”‘- which is at least based upon tangible evidence--until we can 
find a better basis for our concfusions 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 gr the anthropoids now living. If some persons do, they do 
sd: without warrant in fact. Nor can we truthfully speak of this com- 

‘&n’ ‘ancestral form as an ape-man. Personally, I do not know of 
any scientist who does., An “ape-man” would already have passed 
onmtd and upward from the generalized common ancestor of an- 
thrupvids and man BS we know them today. I 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 
man as “ape-man ” than it is to call the common ancestor of the horse and the ass 
an C‘ass-horse” [“Recent Discoveries Relating.to the Origin and Antiquity of Man,” 
;$nieHcan Phitosophical Sodety Proceedings, Vol. LXVI, .lSn, p. 3841, 
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But we can and shouId 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 
Iemurs) . 

C&born himself, in the address just quoted, says: “I agree with 
my colleagues that man passed through an arboreal stage, but 4 be- 
lieve tliat this stage did not progress so far as to carry man into a 
stage approaching that of the anthropoid apes.” No, not if by $is 
he means one of the great anthropoids of today-the highly spcctahzed 
products of 16,000,OOO years of forest experience. 

Note that in the passage just cited, Dr. Oshorn acknowledges that 
the remote ancestors of man were arboreal animals below the anthropoid 
age. Such_ cnl_?l~l he not!+ else than !nonkegs nr 2~s MC+V tht? 
stage of developtient later to be attained as man-like qes. He prefers 
to call tht: murr. advancerl qxs “&LWI~ nwi”-1Iral is all. 

In The Sc&Wi~~c Monthly of May, 1928, Professor Osborn te& us 
that hia Dpwn Mclll Thcary of hutnan descent may be expressed as fol- 
Iotis : 

Man sprang from partly tree-living (arboreal), partly ground-living (terrestrial) 
higher primates, of the kind known as “anthropoid” because of their nearer re- 
semblance to man than to the monkeys, baboons, and lemurs. The fingers qf tie 
ancestral hand were broad and se arated, 

P 
the thumb well developed, with grasping 

power; the toes of the ancestral oot, on the contrary, were brought together, and 
the big toe was slightiy separated. Thus in both the hand and foot these pro-bwman 
anthropoids were adapted both to tree and to ground 

7 
rogression. Neither hand 

nor foot was sn far speriali7erl fnr rxtreme arboreal II of as to he rlisablcti .for an 
early tool-making 

p” 
wer of the hand and for nearly bipedal and cursorial 

of the limbs and eet. Similarly, the pro-human brain conserved the alectti s bf Lirwer 
all smaller primates in the termtrio-arboreal stage but retained the potedietity of 
directing separate motions of the fingers and th&, in shaping defensive ad 
offensive weapons, and the potentiality of directing rapld motions of the limbs and 
feet in bipedal, cursorial life, defensive and offensive. 

This tlteoretic picture of adaytaliull tu flat& in uur Dawn Man and pro-Pawn 
Nan ancestors is, in my opinion, largely sustained by the embryonic, the foetal, MU! 
the a&it structure oi the human hand and foot. These prenaatai iowmotur aq ans 
afford evidence of arboreal ada tation 

i 
far antecedent to the highly sp~~$ rzed . r- 

brachiating or limb-swinging han and limb-grasping foot of the authr 9$” WCS. 
In other words, according to the Dawn Man theory the human farm y 4xancl~ 
scientifically known as the Hominidae has since bwet Miocene and pcrh;ap?. Upper 
Dli ocene time been independent from the ape branch known as the SMW.&C or 
snu -nosed ss primates. The innumerable resemblances betwetn apes and ~.SWI in 
fun&&, anatomicaf psychical, and physiognomic characters are, by the +Wm 
Man theory, interpreted partty as ralleiisms or convergence and partly aq h-eqtif$~~ 
P~.urrr 01 VVIZLUIVII A& tcchni-117 tit own oo the ptimatc Order Anthtopoidw. 

Hardly a mortal blow to “the ape-man myth!” 
Soon after Dr. Q&urn hacl dct~~olislxed the “ape-man myth,‘! in $WY, 

the Fun&mentalist orators were rejoicing over .Mr. Austin H. t3&% 
repudiation of the theory of evolution as understood by the worki of 
science; That .etniwt Gokqist, the late Rev. Dr. .John Roach S~rat~o, af 
Catvary Baptid Chuqzh, New 

& 
ark, was “glad to hear a r&gensibsc 

scientist tell the truth for once. 
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In a very rema&able paper cantrihnted tn Tlzr ~wwf~d~~ E’r7hw of 
Biology, December, 1028, Mr. Clarl!, a member of rhe staff of the 
Smithsonian Institution whose specialty is marine biolo&T, thoqh 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 sppported by the evidence. Man first appeared on the earth 
just as WC SW him today, and there are no such things as “links,” miss 
ing or found. 

More recently (September, 1929), Xlr. Clark has favnrerl the ex- 
perts in palaeontology, morphology, etc., with another outburst of bio- 
logical genius, contributed this time to The Sci&ific Mo~l,thZy, 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, 
s:&Qion, or muratinn from %~ wnw gewrai stock as ihi wi~ici~ prw- 
rhced the mnnkeys”-nn “missing links” being indirated 

Mr. Clark declares that he is not an anti-evolutionist. His theory, 
he assures us, is, rather, “a harmonizing of previous theories,” not a new 
idea or system. By which he means, apparently, that his ideas,combinc 
the BibIical 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 famiIy 
does not fit in with any evoltltionary scheme. Mnn mwt, 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 L)~rnrtcvZy Rtwicw o,f 
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, ;I$ a sperial and 
distinct creation,” 

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

As for the Darwinian phylogenetic tree of animal life, leading from 
moneron to man, through the billion years or more ol g&u& time, this 
cnncept must he ahsldone~l--presumably in favor of Clark’s own 
startling hypothesis. In short, there has been, according to his theory, 
no linesr descent from?he lowest living kirlg-surrlt: 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 9 very different picture. Here tha 
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~nssil record shows a constant change from one horizon [deposit or layer 
of earth]. to anoth. ‘These successive variations are‘ probablv sin& 
indications of a direct response to physical alterations in environment 
favoring now one type or subtype, now another.” 

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

This evolution within .each major group (Phylum?) of animals, 
Clark gues “11 Lu say, is Ijc3t illu:+Cr-illed iI1 Llw vcl-Lcbml~s, rsl,ecially in 

the reptiles and the mammals, through many millions of years, as re- 
vcaled in the geological records of the earth’s strata. “Here WC can trace 
the gradual development from comparati.xly insignificant beginnings. to 
a wonderful flowering of specialization and perfection.” 

In this statennent, Mr. Clark. is of course in agreement with all 
other scientists of today. It is a matter of fact, not merely of theory, 
thitl tltt: IIIUSL pimitive reptiles first appear in the rocks which wcrc laid 
down, under water, as ssnrl and mud, toward the close of the Carboni- 
ferous period. AcrLording to the now generally accepted estimates, this 
period *me to an end some 3.89 million.years ago. Then followed the 
XTeSozoic 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- 
ccslut-s? According to Clark’s theory, cithcr the first reptilcj “ju5t were 
thcye,” or they were “created” out of hand, as it .were. 13etween one 
mnjor gronp of animals itI the ascending series and the next hi,qher thcl 
lnws of nature were, apparently, suspended, and superseded. for tk tilm 
]jcing:, by fl magical process, IIIJ~TI~~WIL lu scicuce, calltxl eupllcInistically 
“special creation.” 

7’1~ scientists of the world today have I)cforc them what they re- 
gardcd as conclusive evidence that the reptiles were derived from the 
:~mpl~~~)l:t, and the carlicsl 11~1uma1s lroin fl certain group of niapnxxl- 
lib reptiles. Another group of reptiles. bird-like in strnctm-c,, is con- 
sjdcrcrl the ancestor of the Avcs ; at-d the evidence on which this con- 
c!gci!!!~. 1~: blspd (CVCII fnssilizrcl 11a114it;nn t’nrtn? hnving lwpn rliwov- 

crcd) is, to aI1 hut one or two living men of Science, overwhelmingly cm- 
vincing. 

Mr. Clark, as we have seen, says that he believes in crrolution &thi~ 
each major group of animals, but denies (to pass to 3 problem of more 
illllllcdi;itc interest in this volume) thnt man was derived from some 
:!ncient, zcncralized, anthropoid ape. He uses the word “monkey,” but 
this is a ~errr~ I-nlploycd hy xientists in rcfcrcncc only to the lower forms 
of 11~ PI imates. 

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 cotl- 
&&on that man is not genetically related to the great apes. If such 
majnr groups as the Coelenterata, Vermes, am1 Echinodermata are gen- 
cticall~ t.&ttd. xnd the h&her reptiles are descendants of the lower, 
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hnw rgn it rz~tinnally be asserted that the Prim3tes~~morl)hologically and 
~llysiulwgically quite as clus~Iy akirl a> ~11~ va~iuus Panlilies mr~,~g ~11~ 
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 lift. 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: 

M-an anncared in th.c Ptinrme A?<, .;irst prrrwling the TM A.p __.. - T-Tn appewe.cl 
suddenly, and substantially the same m form as he is today. There is not the 
slightest evidence of his existc~~cc hciarc that time. IIC appcarcd ahlc to walk, 
able to think, and able to defend himself. There are no such things as’ 5nissing 
links.” Missing links are tnisintcrprctatiotlo. Fossil skulls, whiclr lrdrc tew 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 re- 
ceding the F’leisroceny, ur Age of Ice, as rl: is surnetimes callecl. (he 
Ice 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 
nlillion 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, miIlion. years, ending about a million 
years ago.. We are now living at the beginning of al~othei‘interp;lacial 
period. 

Mr. Clark does not tell us whether he thinks man appeared at the 
hnm;nn;nrr nC +I,;. lnna nrr-;nd ,,f f ;n,r hr- Iw:81 118~ rnirlflln rrf it ““h”“““h “& .L..<, .““b l ..--.- %. ..- ..-*.... .>. --.,... .-*” . . . . . . . . . . . %,. ‘%) or to- 
ward its close. I-Tc 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 skeletons of man of this period have as yet 
been discovered-only his hearth-fires and his tools-it is a fair qctes- 
tion to ask Mr. Clark how he knows what the ~OYYZ of man was in the 
Pliocene, or that it was the same during all of this long period of six 
million years as it is today. 

Unless the Piltdown Man or the Jam Man are of I’liocerx qe, WC 
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 to&y? We know them only by the crude flint tools and 
weapons they made, and by the fireplaces still to be seen in the Pliocene 
strata of East Anglia, in south-eastern Britain, close to the shores of the 
North Sea. Must we now add American Pliocene t&s? 
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Tn nur oww cmlntry, certain very crude tnt~e and other artifacts 
have quite recently been found in Nebraska, New Mexico, Oklahoma, 
and Texas, which may possibly carry us back to Xddlc 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, “RmcricanS of a Million Years ago,” l.ittle Hue Book 
Nu. 1325, pp. 4-G; ITarold J, Cook, “Kcw Trnils of Ancient hiIan,” 

Scientific Anwricm, August, 1921, p. 115 ; Th@ Scientific Mm~fhly, May, 
1927, pp- 477-478.) Will Mr. Clark tell us that these men were sub- 
stantially vf the NHILL. lurm as man of today, or w&l as ma11 of East 
Anglia spproximately one million years ago? 

As a matter of fact, the earliest, ur oLlcst, corqlete ur nearly com- 
plete skeleton of a human being so far discovered carries us back to a 
perinrl of nnly SO~YW :injOfM ye.7rs agn: /lntl thiq spcimen h2.A hy nn 
scam the appcarancc of modern man. It belonged. indeed: to a dfffer- 
ent species of human being (Neanderthal j. still retaining in its anatomy 
some strikingly ape-like characters never found in modern man. Many 
vlhw bhclctons of the I’lcistoccnc, or parts of skeletons-dozens of thmn 

-have been discovered, including a number of fairly complete skulls 
and skeletons. 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 Europe and Asia pssibly in Africa to-for an unknown perind, 
bUt completely disappealetl SUIL~~ 25,000 S-cars ago. WC know precisely 
the physical aspect of these Neanderthal men. But the Pliocene man of 
East Auglia and of Nebraska lived hundreds of thousands of years 
cnrlier. What does Mr. Clarlc krlvw ul their anatomy or of their stage 
of mental evolution? Obviously, nothing, excepting that they made 
crude tools of boric (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. 
ICIIOWII a> the ,Piltdown Man (Eoa~zfhropzrs), belonged to the Pliocene 
period. If so, he may have been a contemporary of the Foxhall flint 
workers of Tpswich. The Foxhall industry is not so old as that of the 
‘Uramford quarry., &U of Ipswich; but thcgc Foxhall and Bramford 
weapons and impkments were found in what competent geologists re- 
gard as PI&ene strata-but are much later than the Nebraska bone 
nnifacts-perhaps a few million years later! 

Now, ii Mr. Clark is of the opinion that the Piltdown -Man of 
Sussex is of the same species of Genus hmm RS m&ern man, and was 
of the same form and aslxct as man of t&y, it is just as well &it he 
did not elect anthropology as a major study! He should stick to cri- 
IIU~CIS, on wh,ich invcrtcbrates 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 al1 likely that this race is in the 
direct line of ancestry of our own species (humorously named horna 
sapierrs), but think that it is rather a sirlAm=, nr> 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 likeqess 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 Queensland, 
Australia, But the Java Nan is still more widely divergent from man 
as he is today. 

IQ the Java Man I mean, of co’xrse, the famous non-missing link 
found near Trinil, Java, and named, by the discoverer, Pitheran~I~opus 
rwartt,r .z CCL*“.,. The ct~rll-Ron nf thic cn~ritnm is &&& so Ijcar!v akin to th2.t . ..I “..-.. --,, “& ...-- Yr ----- _--- J ------ 
of an ape that it is di’fficult to &ink of it as having ever-covered even 
the most nrimitivc human brain. Rut the thigh bone and a few teeth 
found in ihc same stratum (and therefore &the saline geologjc age) 
are apparentlv those o-E a human being, despite the low crevelopment of 
the asso&& skull. ‘!&x-e is no good reason to doubt that thcsc fossil 
remains once belonged to the same individual who functioned under that 
flat, ape-like skull-cap. The creature stood fully erect, as attested by 
the long, straight thigh-bone. 

Recent evidence inclicatcs 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 EoMIwo@~, the 
skull and brain developed in advance of .the jaws and teeth, which re- 
mained ape-like; in others the contrary was the case. .ln all of the 
older spccimcns, 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 arc highly tlevclopctl in modern man, having to do with 
what WC mav call intellectual or reasoning processes, remain relatively 
nntleveloned.- no matter what the size of the brain is as a whole. The 
Xcandcrt’hal race, or races, had a large brain: hut hardly any forehead, 
and no true chin, with ape-like jaws and mouth-almost a muzzle in 
nlqxxrance. Neanderthal Man could not stand fully erect, his thigh- 
hr~~ b&q nerved fnrxv:nrd, nnrl the head and neck hahitually be.nt into 
the same curvature as the back, as in the anthropoid apes, particularly the 
chimpanzee. 

The Cr&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 first tirllc IXII LUKI WOIIKI~ whr, WAX pljy4cally, iu~rI 
perhax mentally, the equal of man of today. They were the cukmnating 
point -in the physical evolution nf man, the product of millions nf years 
of human tlevclopment. A million years, aFproximately, had passetl 
between the time of the earjiest tool-makers nf East Anglia and the 
apparently sudden appearnnce of these cave-artists in France and Spain. 
Geologically speaking, as time 1. ‘$ measured by the palacontologist, this 
race belongs rather to our own times than to those of the Pliocene Mnn 
of Susses. Compared with the remote period of the latter, the Cr& 
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Xagnon race lived but as yesterday! They, and they &NW, of all the 
arty aucieut IXCW whusc fossil remains have thus far been di&overed, 
mere “substantially” the same in form as man of today. 

But we are not wholly dependent upon the mere chance of finding 
iossil human. remains here or there it, order to trace the origin and evo- 
lution of the human family. There are many other Iines of research 
ibat point unerringly to man’s simian ancestry-evidence which thq 
immortal Charles Darwin was first to assemble and interpret correctly. 

Since Darwin’s death in 18S2, tens of thousands of facts unknown 
io that great naturalist have been discovered and made available to stu- 
dents. These data are equally available to Mr. Clark; hut he seems to 
have preferred to ignore the major part ol the must important facts 
nva;Iablc to him. Or pcrhnps he iu not acquainted with the now uvw- 
\vllclmjng cvitlencc for evolution, and again:it 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 
ItIs dC5iIC, ir~'pwrLly, (r) ITWJ~K~~~ the ancitxlt myth uf special creation 
with the results of modern research. he tells us that man appeared on 
earth substantially as he is today, “to all intents and purposes a product” 
of that same utterly nnproved special creation f 

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 
rcmarkablc went, occurring in the carlp Plioccnc Period. No man-like 
ape or ape-like man roamed the plains or dwelt in the forests. No 
wzature even approaching the status of man existed, for, says Mr. Clark,- 
“there are no missing links,” 
to the 1uwcst Irunl?~lIs. 

no wansition forms from the higher apes 

tations.” 
Thuse wt: have discwrred are only “misintcrpre- 

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 beautifril 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 perstlasion. who will nnt divine its anti-Genesxic implirntinns 
nud its involved doctrine of chance “creations”. Dr. Straton, as we have 
seen, has already honwcd Mr. Cl:*& with his endorsement. “The whole 
cvnhrtinn prnpqpndn ic. fhc mnst ,qignntic hitrff in the history of the 
human mind.“.he lxonounces further. Why talk of evolution when we 
have been told by some unknown poet of the Orient that man was 
specially created from a lump of clay, and woman fashioned from a 
1 me ? 

The worId of science now waits with bated breath for the verdict 



of those, other eminent authorities on evolution, Billy Sunday, W. 13. 
Riley, and Aimee Semple McPherson I 

In his excellent book, “The Stream of Life,“.Prof. Julian S. Huxley 
remarks on the curious ps)-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 beginninE, is most encouraging. For such an origin implies that 

man a&anccd during his evolution; whereas, for instance, the beliefs of the ancients 
that men were descended from gods or derm-gods, or that in the beginning was a 
golden age, or indeed the literal acceptance of the story of Adam and Eve and the 
fall of man, all equally obviously imply that present-day humanity is degenerate. 
One would also imagine; especially in a democratic age, that what man is and tnay 
become’would count for more than pride of ancestry. . . . 

Either iiature is meaningless, and the appearances which she thrusts beneat!l 
our eyes are t:ot facts at all but deliberate lies, or else tian is more closely related 
ta the Cxlsting anthropnirl apes than to any other creature, anti at one stapP m hi< 
evolution had an ancestor who would have to be classified in the same RrouD 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, “M~II 
is derived from some member of the Simiidae”-that is to say, some 
member of the ancient anthropoid apes. One could all but PrOzre men’s 
&ship with the higher apes, even with those still living, by comparative 
physiology alone, or by morphology alone, to say nothing of palaeon- 
mlngy, nr snm~ nthw- linw of ~virl~nr~. 

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 of the great Dutch botanist. 1 lugo de Vrles. Hut, hc 
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 

‘E have just seen how Austin Clark, following Osborn’s lead. 
has dogmatically asserted that man was never an arboreal 
animal. 
pothesis). 

(Osborn has lately abandoned his non-arboreal hy- 
I;or light on this problem we must go to the com- 

parative anatomist. .JTor we have no fossil remains of the arnjs 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 essentiaily tree-livrng creatures; but the 

mountain gorilla, as proved by the lamented Carl Akeley, is t6 a great 
extent a ground ape. (Dr. .Ilarold C. Bingham, of Yale, sailed for Africa 
in June, 1925, where he is making a first-hand stutly 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) ol this stage in his development, though 
escaping from a forest life early e:l~uugh Lu avuicl Lhr. over-speciaIiza~i& 
(or adaptation) incident to millions of years of tree-dwelling. This is 
what our greatest American authority writes on this aspect of our proh- 
icm. Discuss@ “The Relationship of Marl tu ~11e Chi~~ymzrc-Gw illa 
Stock” (Qwrrterly Rcvz’ew of Biology, December, 19X’, pp. 537~&58), 
Dr, .W. K, Gregory remarks; 

The myology and osteolog 
the whole pectoral limb [arm ly 

[study of the muscles and bones respectively1 of 
of man constitute a veritable palimpsest, bearing 

a clearly dcciplxrablc record, first, of nn earlier period when cvcry 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 he!cl il l the hands. Obviously it is 
not necessary to inter that in the ancestral anthropoid the extreme specializations 
for hrachiaiion [swingin? from limb to limb1 had already taken place. Great 
difficulty has been experienced from t!le fac.t that in modern man the arms and 
11ards arc Icl:.:iively bl IOL Lcl allct tbc legs L ek~tivcly longer than ill moclc~ II apes. 
Tllis failure to realize that readjustments of proportions have constantly been taking 
place, especially whet] profound changes of function were involved, thus leads to 
the error of expecting a general&d ancestral stock to exhibit the specialized pro- 
portkms of sxnc one of its remote &scctldlrlts. Also, Schultz SIRS ritml ~mhryc- 
logical evidence tending to show that the lrngthening of the 1e.q in man is a 
relatively recent acquirement, perhaps correlated with the ground-living cursorial 
habit. 

As long ago as 1920, Professor Gregory (“Notlaavctus, an Rmeri- 
can Eocene Primate”) showed that at least as far back as Middle 
Eocene times (some forty million years ago) the arboreal stamp had 
been impressed upon the hind feet in the three dominant families of 
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lemuroids and tirsioids in which these parts are known; and no palaeon- 
tolo+A or rnorphuIugica1 eviclerlce has WCI- IXCU truu&t 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 
:i powerfully developed great toe-“already foreshadowing the great 
toe of man in its’basic anatomy.” 

In his memorable address, “Were the Ancestors of Man Primitive 
Drachiates ?” read at L~C electing of the American Philosophical Society, 
.\pril 20, 1928 (published in the Prcxcedings, Vol. LXVII, No. 2), Dr. 
Gregrxy showed that as we pass from the Eocene and recent lemuroids 
anti t.arsioids 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 
her fihlal process of the hallux [g:~eat tutl SIIJ a cw~csyu~K~~g Lnprovcl?+ 
in the ability to draw the hallux irom a position of wide divergence to a posltlon 
more nearly aloncrsicle the outer dirrits. Of course one miaht assume arbitrarily that 
the series ran the other way, that the human foot is the most primitive and the 
Eocene ~Votharct~rs foot the most advanced; but such an assumption besides being 
(lead against the palaeontologic recokl as it stands, must ignore al1 the other evi- 
dence lending 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 
1emu:cids to primitive monkeys to primitive anthropoids to man. In short, all the 
facts known tn tne at the present time support the conclusions of 1916 to 1920 
that the Primates as an order stand far apart from the terrestrial ylacc~~tal II~II~- 
mals, that the biramous type of hind foot was first evolved in the very remote tree- 
shrew-like ar,cestors of the primates in Upper Cretaceous times, that this biramous 
hind foot became the startinn-mint for the extensive deployment or adaptive 
radiation of the feet in response to the many different methods of locomotinn 
assumed in lemuroids, tarsioids, New World monkeys, Old World monkeys, an- 
thropoids, and man. 

To come at once to the main issue, the human foot itself appears to bear 
indeiible traces of remote arboreat 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 D morphological viewpoint distinctly biramnus in the 
arrangement of its musculature, .in the length and dominance of the great toe, in 
the Fresence of flat nails on all the digits, in the transmission of the weight of the 
hnrly glen:: twn diverging streams. the scaphoid [boat-shaped] stream on the inner 
and rhe cuboid [stquarel stream UII the c~utrl side ul the ~UOL? I tl~rclorc tan find 
no Logical alternative to the conclusion that man like all other known primates is 
2, descendant of forms with a typically primate biramous type of hind foot which 
MS evolved during the enormously long ages preceding the stage of terrestrial 
hipec;sl progression. 

These iacts certainly do not support the view of those bioIogists 
F~I would seek to give man an independent, non-arboreal lineage. Ur. 
D. 1. Morton (“Evolution of the EIuman Foot,” A~WY~CW /oz~~al of 
Plzy.&cll Anthro~ulog~~, Vol. i’, No. I j pp. l-52. 1924; and Vol. 10, No. 
2, $1~ 1 X3-203, l!KZ ), in particular, has forcibly shown the profound 
agreement of the human foot with the brachiating anthropoid type. 

For se.veral years, Professor Osborn was strongly inclined to the 
beliei that his hvpothetical Dawn Man could never have developed the 
hraehiating hahi; and then escaped from it later on by the adoption of 
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3 cursorial terrestrinl lifa. If I do not misinterpret his more recent 
writings, he has retreated from this position. If the habit of brachia- 
Con-a usefu1 term introduced by Sir Arthur Keith-can produce Cer- 
tain anatomical adaptations, the habit of bipedA locomotion on I 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’o 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 
tcrrcstrinl locoffl0tiOn. Osllorn himself hns recently delivered an address 
on “The Influence of IIabit in the Evolution of Mm and the Great 
Apes” (Bulletin ‘of the New York Academy of Medicine, 2nd Series, 
1928, Vol. IV, pp. 21 G-230), in which he declares that “Habit is king.” 
He continues : 

it is proiongcd habIt alone, aiter centuries a~11 tl~~aild~ <It )car.s, which 
determines the rise and decline of parts. Everv arcat zroun of arlimals. 4ud~nn 
the anthropoid apes and man himself, tells this story. Man. particularly, molds and 
modifiec hie ff)rm hy his habits. his mode of living: different I-acc~ of man, through 
prolonged and repeated choice oi one mule of life or another, molit their racial 
anatomy. . . . The structure of apes, like the structure of man, 1s an intensification 
and perfection of habit. 

He then refers to the recent researches of Professor Morton, of 
Yale, on the foot of th& gorilla, where it is clearly shown that the ‘bahy 
gorilla is born with what might be called an arboreal type or iced, yd 

‘the adult gorilla, owing to his walking ahnut on all fours, with hi3 tre- 
mendous weight on his feet , gradually loses the distinctively gorilla type 
of foot; the bi,g toe approximates the other toes, so that in the adult 
gorilla the foot is much more human-like than in the young gorilla.” 

The cast of the foot of a mountain gorilla secured by -4l;elq was 
30 markedly human-like that the late Sir E. Ray La&ester refused to 
accept it ns genuine, not ever having seen 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 wi& divergence of i& great toe from the others. 

Quite contrary. to the views formerly (if not at present) heid 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 turnipg the vertebral 
c*nlllmn at right angles to i,ts former horizontal position and thus of 
initiating the possibility of erect progression on th’e: ground. But, re- 
plied Chbnrn, brachiation leads to the reduction and loss of the thumb, 
WA ~-CL, as he then thought, evolution even in this respect is irreversi- 
ble, and man’s thumb is not reduced, he camlot 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 developed, and that the mqmtain gorilla’s thumb 
is a powerful thaqh somewhat short digit. He observes: 
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3 is only in the excessively specialized orang and to a less extent in the 
cl~~mpiu~rcc that brachiation is associatc4 with some 1 c&c&u ul the thumb. Thus 
in this siamang Mown in his accowanying illustration1 the thumb Iength is 
56.6 per cent of the total hnnd length from the tip of the middIe 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 structnre in mall’s 
hand and that its dominance is somehow connected with mrrn’s inrr~~~cprl h&n pwcr, 
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 nnw walk 
on bent lcnuclclc~, their hands arc +unmistalrably true hands and not mcrcly 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 pronogrode [flat-wrrlkingl 
mcnkeys, either of the Old World or of the ?\‘ew World. In the foetus it is true 
that rhe human hand is shorter than the gorilla hand, hut that shows only that 
many oeneric diff -. _..-__ PTfwl-I=9 arise ifi th? fop&! st.a.qes. as m-c&rn omhrvnTnn;.to T::& 
tlndcrstand. . . . In fact the drfferences between the human hand and the 

-..---, .,.“m.YII 

gorilla hand WC far 1~33 profound than the diffcrcncca between the lrum~~l Iwt 
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 other parts of the 
anatomy as well, would ‘do well to consult Charles I?. Sonntag’s great 
work on “The Morphology and Evolution of the Apes and Man” [ 19273, 
C~onrributions to Ellzbryology, No. lUI, Vol. XIX, Carnegie InstltutIon; 
and Sir Arthur Keith’s paper on “The Adaptational Machinery Con- 
cerned in the Evolution of Man’s Body,” Supplement to Nature [Lon- 
don*!, No. F&30?‘.> 

As previousIy 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 
l~come relatively shorten&, natural selection would have favored every 
variation in the direction of increase in its length. Relying on the as- 
sumed “law” of irreversible evolution, &born contended that the thumb 
once shortened wouici no: again gain its original length. But examples 
of such reversible evolution are not wanting, as pointed out by Gregory. 
He rites, by way of illustratioq the harbor seal (Plzoca). In this mam- 
mal the forefoot has become transformed, by change of function, into 
a flApper, as in the case of the whale and of a nutpber of marine reptiles 
of ancient days. But the point of special significance in the. case of 
Pkorn is that the thumb is now Jar Il>nger than the other digits, thus 
P;crving as a su pport to the border of the paddle. Similarly, in the bind 
fact, both the great toe and the fifth digit have greatly. increased in length 
and strength. On C&born’s view, this lerqthening o; a once short drglt 
cocld not have occurred, since it is an example of “reversible” evolution. 
0f 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 palaeontological 
history. However, as Gregory points out: 
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The evidence from thr. hmin and mnny nthw parts nF the,anatnmy sclfficipntly 
proves that the seals are descendants of terrestrial placental carnivores of normal 
quadrupedal coustruction. 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 proportion.4 in the relative 
lengths of the digits following upon a change of function. In mau the increased 
length of the thumb and great toe appears to me to be just as secondary as it 
is in the seai. 

If any part of man’s anatomy should bear testimony as to the possibility of 
man’s nrigin from hrachiating ancectnrq, it ought tn he his entire pwtnrnt limb. 
In the brachiatmg apes the tore hmbs subserve primarily the tunction 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 
tnan still retains in his anntomv and mucculature.; even in the nrrnnCga- 2 
ment of his viscera, the proofs of his former brnchiating habits. ! 011 
this point see, in pqrticular, Keith’s important but rather technical paper, 
“Man’s Posture : Its Evolution rind Disorders,” Rritislz Medical Jozwai, 
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 bnsc of the anthro- 
poid series, we find that this genus of apes has, even without abandoning 
lifp in the trws, pfiwtprl prnfnund rwrlj~~stments of the viscera rind 
skeleton to its habit of sitting upright and also to its need for an upward 
extension of the arms and leaping from branch to branch, or tree to 
trrr, sometimes covering 2 distance of 40 feet! Keith’s stuclies brought 
tn light the fnct thnt, nn the whole, the gil\hon is nearer to man in thir 
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 nearly hori- 
zontal. In the more ancient primitive forms. there has been found no 
evidence of ischial callosities, hence it is reasonable to infer that ttq 
did not customarily sit upright as do the monkeys awl apes of the CM 
World. The chimpanzee. whose ancestors were already a widespread 
nnrl nnrnwnn~ trilw in Minrene t;mes, ?,n lnngcr hold3 its body Ifl. 2 

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 difficuk position, 

It is quite possiblet if not probable, that the direct awestors of 
m:m l~rl new-r rlrvelnl~d hands and feet as ~41 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 CO 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 wvas un- 
doubtedly at first a slr!w process, partially prepared for in advance. 
Ground-living alone does not necessarily convert a prikte, as such,.into 
a biped, or,even into a partial biped. It might, under certain conditions, 
have an opposite effect, as in the case of the bahoonc,. In the :;ecotid 
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chapter of his “Descent of Man,” in treating of man’s “manner of de- 
velupment,” Darwin truly says : 

-4s 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 subsisterxe, OY to 
sowu change ilz the suwowtdi~~g conditions [italics minel, its habitual manner 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 acquilcd ah~wst Lllr g:aiL ul a 
dog. Xan alone has become a biped, and we can, I think, partly see how be has 
come to assume his erect attitude, which forms one of his most conspicuous char- 
acters. hlan could not have attained his prcscnt tlominant position in the world 
without the use of his handy, which are so adniirably adapted to act in obedience 
to his will. Sir C. Bell insists that “the hand supplies all instruments, and by its 
correspondence with the intellect gives him universal dominion.” Rut the hands 
and arms could hardly have become perfect enough to have manufactured weapons, 
or to hale 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 body, or, as before 
remarked, so long as they were especially fitted for climbing trees. . . . For many 
x&mu it i3 indispensabic rhar the 811313 and upper part oi the. botiy shouici ix 
free; and he must for this end stand firmly on his feet. . . , It accords with the 
principle of the division of physiological labor, prevailing throughout the animal 
kingdom, that as the bands become perfected for prehension, the feet should have 
become perfected for support and locomotion. With some savages, bowever, 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 bv lMiss Martha Hale. a 
graduate of the University of California, and now a social worker. She 
was born without arms, and taught herself to be self-dependent. During 
the war she “did her bit” knitting socks. There was no one to tell her 
horv. She was nbliged to knit them inside out, and they tvere 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 hes 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, tholqh it trikes 
her longer to dress than it does women who have the great advantage 
of &MS and hands. Books are as deftly taken from her bookcase as 
?~nvnno pfi&! “nirlt +ha?y! r?i?t. ” Tn rknrt, her feet r?c!??V ‘---,-I--- 1’-‘ ‘. “.. c .nndInn as hands 
as we11 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 $gned a movie contract with her toes. And she 
has perfectly good hands. 

As for the anthropoid apes, they are now in an intermediate condi- 
tiq 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 
band 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- 
niar!rs : 
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suppose owsehes, for the mot~nf, ~WWP~ nf ow prnpcr &+lligencc, but 
having the body of a dog or ihat of a horse. Of what- use would be man’s 
supcl-iui iutelligcncc il hr WIT o~~ablc 11) make or use the simplest fc,rm af 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 oi man upon 
the ground and the mental development which seems to have arisen nearly simultane- 
ously [“Evolution of the Vertebrata,” 
and of Man”]. 

Chapter XI in “The Nature of the World 

Prof. Thomas Cheny, of the University of Melbourne, made the 
interesting sugge&nn, Z-I few ~P>T-S agn, that wmn mrry love found on 
the seashore a proper environment for his further development. The 
recognition of shellfish as fad demanded some intelligence, eqxxially 
the distinction between wholesome live molIuscs and dead ones. 
a few points only: 

To quote 

TlL lul&uu: iuy1~11rr with tht new UKS TIX thr? hanrl 2nd font, wn~uld fnrthcr 
develop the brain, and thus the brain became the organ of survival-value. As the 
shellii:;h could not fight or run away, thcrc was co call to tlcvclog great teeth, 
sw’ift legs, or any other organs of attack and defense. The sands are dea!l. .soft. 
and free from insect:, sn that the new primate did not evolve callosities, nor tbd hc 
become immune to d+ease in the way that the lemurs and r’nonkeys hart tioneF ?I. 
Proto-man may have cracked shclIs with a stone instead of usir.g his :eeth. Sea- 
shore foocl is nitrogenous. soft, nutri:ious, and requires Iittle mastication. &Ian’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 reldtionshlp 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. He 
surmised (Loi. cit.) : 

Whale and porpoises (Cetacca), dugongs (Sireniaj, and the hippopotamlls are 
naked; and this may be advantageous to them ior gliding through the water; nor 
would it be injurious to them through the loss of warmth, as the species which 
inhabit the colclcr re.gions are protected by a thick layer of blubber, serving the 
same! purpose as the fur of seals and ottet;s. ElcDhants and rhinoceroses :WF almost 
hairless : ad as certain extinct species. wlucl~ formerly lived und& an Arctic climate, 
were covered with long wool or hztir, it would almost appear as if t3e existing 
species of both genera had lost their hairy covering from exposure to heat. Thi; 
appcar~. the ixorc probable, as the elephants in In&n whi+ live in elcvutcd and cool 
districts are more hairy rtlmh ilwsc cw ik Idwk3rds. May we ill,‘er ihat man became 
divested of hair from having aboriginally inhabited some tropical land? 

Darwin then brings forwartl some pertinent obiections to t& pro- 
posed inference, and cites Belt’s view igiven in the latter’s “Naturalist 
in Nicm-apm,” p. 209, 18rr’l) that “mithirl the trollics it is an adv~ntng~ 

to man to be destitute of hair, as he is thus enabled to free himself of 
the mtlltitwle nf ticks (acari) and other parasites, with which he ia nften 
infested, and which somrtimw cnnw rrlrrrdnn.” 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 peopIes 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 investi 

T 
tion. 

But the question would at once become involved with the climatic actor, 
for persons *ho 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 southerners ? 

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 wav through life. Hearing, however, is a close rival to the sense 
of smell: To a tree nnirrml the I)roblcm at any moment is nu~ su much 
“ZV~UL! is it ?” as “~lzcre is 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 bccomcs important ; and, in the case of lhU giblhull, 1~x1 ticnlarly, 
the strength of the distant limb must be estimated by lookiap 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 lcmurs, 
the nose is still as lmpnrtant gn nrgsn in the Wvggle for existence as 
the eye. The eyes in the piimitive stage are directed outward and for- 
ward. In the Eocene per4od there lived as an ally of the ancestral lemut 
Nothnrrfwr n little primate whnse fossil is known as Trtmiy, the earliest 
represetitative of the group Tarsioidea, which has affinities with the 
I,emuroiciea, but is more advanced in several respects. TetoGs is re- 
tnarkabfe for its relativelv large, rounded brain-case and a small face. 
It possessed the largest b&in relative to its weight nf any known Eocene 
animal, A close relative of this interesting little creature was almost 
certainly the direct ancestor of the queer little nocturnal, monkey l&c 
Tar.ti~s sfecfn~n, of the Sunda Islands (Malay Archipelago). This is 
the sntne region in which the gibbon and orang nrc living, zmd whcrc, 
tn~~~ov thousnnds of yenrs ago, P~ti~rcnlzthm/ms crcctus (the Tava ot- Trinit 
JTarb) made his way along the Solo ‘River. In Tnrsi1r.s ihe large eyes 
are clirectctl forward, as they are in a monk& or a human bring: not 
:idcwisc a3 in the lemurs. ITere we meet with a creature possessed of a 
close approach to binocular vision, the power to observe an object with 
botk eyes nt once. 

Si&t has now for the first time (in the ancestral TetOg1’if.r) snp- 
;~la~te~l~srnell as a dominant sense. It is believed, however, that Tcr.szkv 
:anr!nt comfAetely focus it3 two -eyes, vn an object. hence is unable to ::et 
the C,WW of dq)th (stereoscopic vlstonj. ‘It is, furthermore, bclicvcd 
:ha! Tcrr~i~.r cam~t n:ahc I-,ut the f&r &tails of ;Itl object. 

Nevertheless, Tar~i;r.s resetnblcs the higher primates and man more 
:hap it does the 1 .cmurc-litlea, shnwing impnrtnnt advances in the strllcturc 
2f tkc llrain. :tntl nl the external ear, and in the method of forming a 
:liz~6&1 (&5k-shny&) placcllta, colillcctilq it vu y Cl~JsCly With tile 
30~1th American Cal)tichin monkey. In the anthropoidca th$ orbit of 
;he r,re is completely separate71 from the temporal fossa by an inwardly 
Jroj&ling hlll”t’L Oi 1JOlK. Trt Tcr.sir~~ the structure known as rhe post- 
:Irbital bar, while splayed out, doe 3 not quite prevent communiGation 
between the orhit and the tempt-n1 fossa; whereas in true monkeys, 
zpes, and man. the orbit is completely shut off from the temporal fossa. 
3f the original five bones around the eye. three (the pre-orbital, posC- 
frontal, post-orbital) had been eliminated by the time of the eafliest 



mammals, so that man and the apes inherit only two of the original five, 
namely, the lachrymal and the lugal or malar (Gregory). ‘I‘oday, so 
far as is known, the eye of the lowest true monkey is as well deve!oped 
as is that of man. However, see on this question Sadie Kohts. Repcrt 
of the Zoopsychological Laboratory of the Darwinian bfuseum (In Tcus- 
Sian), MOSCOW, 1921; or a German translation of the summary of his 
report of 1.923, 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 
mnst a~arly cnmpbte ntllrly nf the psychobiology of vision in an ape so 
far made, 
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CHAPTER IV 

THE APE I.\ MAN 

T is a curious manifestation of the average man’s slavery to 
tradition and to his childish egotism, that while he may stand 
ready to accept the statement of a competent authority that the 
higher aps were evolved from n lower form, he becomes in- 

dignant with foolish pride when tolcl tbat 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 dear 
statement into the quite erroneous claim that evobationists teach that 
Man has clcveloped 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 tz monkey.” 

As mentioned in my book of 1927 (“The War on Modern Science,” 
pp. 242-223), 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 umversities-six of them under de- 
llon&aLiu~lal cu~hx~l. This culnInittet: appruved the books in question, 
finding that they contained “no statements derogatory to- the Bible,” the 
writers hmitig “t&m sp~cia! p&s to a~snre Ox readers thrt tf?ere is no 
wnflict between science and religion.” The word “Christianity” was 
side-stepped,. but, doubtless, it was intcndcd 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 blz~ Bible” (italics 
mine). 

As a matter of lact, it should be of no concern whatever to the 
teacher of zoology whether or not the findings of science “harmonize” 
with the mythology of tht: Bgyytia:ls, Batylunians, 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, hut that he is a product of millions of years of graduat 
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evolution, from some generalized anthropoid stock. and, more remotely, 
a. “nlonkey” stock-however &e word “I~oII~&’ may he defined. 

It was highly gratifying to see The Scientific Amvicmz, in 1925, in 
an ctlitorial signed 1,~ Mr. Albert G. Ingalls, come out in a straightfor- 
wart1 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 of the Fundamentalists 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 LIP:, and earlier still was practically a monkey? Must we. to be 
SpWifiC, gn on assertmp; in tectures, in magazine articles. in popular primers of 
science, and even in high school text-books, the technically true but decidedly mia- 
leading catch phrase that “man did not descend from any fino~wl monkey, but that 
man and the monkeys arc only collateral deqyn?.ants from a CC~E.Q~ ~~nrmtr~l ....ICIYC. .&. 
stem"? 

True it is that man did not descen&ould not possibly have descended-from 
any of the living monkeys, and true it also is that both man and the living 
monkeys descended from a common stem. These statements do not, however, come 
near representing the whole truth candidly. The common .stem was itself like L 
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 wheu that word is spoken. According. to 
the Century dictionary, the word “monkey” includes in its content all of the order 
of primates except wall aud llle lcunns. Tht: 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 Simiidae, 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 Etafian organ grinder; or whether all of these primates are monkeys, 
makes little difference in this consideration. 
from them-from the layman’s viewpoint-have 

Animals rtot fry widely different 
undoubtedly had their place at one 

time or another in our ancestry, depending on how far back iti time we proceed. 

Were it nossihle for us to PC) hack a few million vears and actrrallv SCP nnr mid- 
Tertiary Peffod ancestors, we-should find. no bettee 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 
md anthropoid apes of our times. 

Let us then be frank and not designate our ancestor by some misleading phrase 
if we mean thereby to give the impression that the %mmon parent stem” wa3 a 
much more noble creature than the living apes and quite different from them. . . . 

The fact of man’s descent throfrgh several monkey-like- forms seems in- 
escapable. . . . 

Of this too reassuring pronouncement [of the California committee, cited by 
me above], Nntuve. the well-known English scientific journal, rightly says, “It is 
significant of the strength of the anti-evolutionary movement m 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 approval of such a mia- 
leading assertion, which suggests that the members of the committee are in favor 
of teaching on:y a d&ted Darwinism.” 



The Sc&.t.ific AmnAnm agreen with Naitrrs tI;at. the .stdement in qlwntinn is 

misleading; though we do not believe that the Cahforma commIttee, composed 
chieflv of scientists in other than the biologic sciences, intended to mislead. Th: 

ling statement has, in fact, been made so frequently and by so many writers 
that belief in it has become almost fixed. 

_..____, 
mislead 
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CHAPTER V 

LESSON FRO&I JOHN L)ANIEL’S FOOT 

T has frequently been stated tlhat man has but ~11~ee exclttsivcty 
human muscles, all o+- the rest being shared with his cousins 
the man-like apes. These specifically human muscles are most- 
ly concerned with man’s erect posrure alld “the specialized 

character of the human fout” (Lull). But Dr. Dudley J. Morton, for- 
n-l&r gf Y& zt]cJ fogy of & -A-~cr&p- MIJ~P_~~ c\f Nat~~lra! Histnrv 
recently discovered in the feet of two gorillas a small muscle wl%c-iiii 
previously been regarded as exclusively human. 

When the gorilla known as “John Da&l” 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 cofrecting their weak- 
nesses. 

One of the chief objections brought against the theory that man is 
descended directly from tin ape-like ancestor was that even the most 
human-like of existing apes has a iuut like a human hand, with opposable 
great toe. While the gorilla fobt 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 GUNS Iztvmo. Recourse 
was therefore had to the theory that man’s descent is not from/any of 
the higher apes but from some more ancient plilllitivt form, ncarcr to 
the lemur-like types. Darwin was of the opinion that “some ancient 
member of the anthrouomorphohous sub-grotip (i. e., of the anthropoid 
ape stock) gave birth to man. This view has been supprted by Hacckel, 
Huxley, Gregwy, 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 aye ws rapidly dcvcloping into the hrivvlatl fnrm even 
within his short lifetime. To this important discovery was added that nf 
Professor Huntington, of the College of Physicians and Surgeons (New 
York;), that John Daniel 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 clrk~lpanxee foot does not differ 
materially from the foot of the inferior apes, while the foot of the orang 
and of the +&on are more highly specialized for arboreal life, though 
the chimpanzee foot is the most generalized and therefore nearest in 
structure to the origitlaI arboreal anthropoid form. It might have de- 
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veloped into the gorilloid type had the chimpanzee not clung so clQsely 
to 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 nn- 
twisting of the metatarsal bones (between the instep and tots) occurs, 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 opposite way. The skeleton oi 
llm IIUIIILIII Iuol Ail1 sl~wo a slii;llt dcg;lcc ul chr tiilllju L~ieti~~g tla 111~ apr; iu0t. 
The foot of “John Daniel” showed the untwisting process at an .Fnusually 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 tot in the first and second tots, 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 qorilta. 
>Vhile the big toe does not reach the stage of being simply divergent without twist- 
mg, as in rnan~ ncycrthelcs:, the process only lacks time lo fulfii CW& a condition, 
or the stimulus of a suitable change in the environment, or.in the character (psychic 
or otherwise) of the species. 

A very important result tif 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 immetliatel~ 
struck with the comparative shortness of the big toe and the extra length of tha 
third trip. Hrnwwr, in thP adult pm-illa thr ercntmt pm+l~ was in the nrrnc-11 
tot; in the third it is muc11 1~55, but distinctly more than m the big toe. Incidentally 
the proportionate growth of the second to the three enter tots points clearly to n 
tendency toward reduction in the muter toes even in the wild gorilla, conforming 
m”rt closely LO the 1IUlllJLl a1-,~11gc111cut. 

Young “John Daniel,” who as a captive had been depriverl nf his twly tree- 
climbing iifc and the influence that life would have had upon the development of 
his feet, 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 tot. 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 bad 
grown 32%, his second toe 26%, while the aduIt gorilla’s big toe had grown since 
the age of two 77%# and his second toe 96%. 

If the rate of growth of “Tohn Daniel’s” toes had been continued to the axe 
of a wild adult go&la, 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 %Cseum, Washing- 
ton, has stated the objections to a transfnrmatinn nf thp gnrillnid tne to 
the human type in a paper 01’1 “The Conflicting Views on the Problems 
of -Man’s Ancestry,” as follows : 

1. Opposability of the great toe to the sole. which iu Found in the gorilla and 
is lacking in man. 

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

3. Difference in the comparative lengths of the respecti\c 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 near that at which 
the line le3ding 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 disctissing various theories concerning the origin of man, 
remarks : 

The probability of “parallel evolutiotfary progress” between man and the 
anthropoids is far from satisfying after the evidence is carefully weighed. As 
Dr. Miller i~~llkatcs, all the cvklence puiuts strcmgly LU a u&m ul the two groups, 
hut because any method has heretofore LCXII inconccivnblc &crcby the opposable 
great toe of the ape would be 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 parallel development has been sustained. 

He says further : 

We have now to consider the nppnaahility nf the great tne a~ fclmd in the apes. 
If you will examine your hand you will find that the surface of the thumb is at 
3. right angle to that of the fingers and that as you turn your thumb in, it rotates 
trntil its surface comes against the palm. In the ape four the: big tot 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 t‘he other primates showed 
that She great toe of the ape turns toward the sole of the foot because of a 
twisting of the shafts of the boues of the foot that hold the toes. “John Daniel,” 
wno aad 5ee11 Ilrp’ivcd of hi3 normal free life for a perind nC about four years. 
showed some interesting differences from other apes-the twisting of the toe6 
toward the thumbs was greatly reduced. In other words, he was already developing 
the human type of foot. 

In tlte 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, 
&ch originally formed a right angle, show a marked widening and definitely 
approach the common plane characteristic of the human foot. There stil1 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,” 
port1 i .&WI. IOUT. Phys. Antkrop., 1922, ~1. V, No. 4; ibid, 1924. vol. VII, 

. . 

IT,. “LLcrly rcjcct;llg 08:0i-l,‘~ Q,l;go<eiie fi;i.wii TvTaij, aijd iiisisiiijg oii 
the close relationship of the human family with the chimpanzee-gorilla 
stock, C;regory, writing in The Qua.dedy Rc&w of Biolqy (December, 
I PZ’, asks : 

About how many generations may have existed since the final separation of 
man I~om the anthropoid ctock, that is. since interbreeding between the two 
ceased? Assuming that this occurred in the Middle Miocene, that woujd give a 
period of about ten million years to the Upper Pliocene Eoarttkroprts. The anthro- 
uoids approach sexual maturity at ten years of age, while certain races of men 
can breed at twelve years. Assumin, cr twrlvc years, or nbout eight generations to 
CJ. century, as the average rat:, that would give 800.000 generations as the tran- 
sitional period between Dr~@xtherus and the Piltdown hfan. 

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 anima1 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 
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into a human foot, But even an acute pain, divided among 800,000 gtieratiotis, 
might bc supportable. In other words, much might he dnnr tnward bridging the 
remaining gap between some member of the Dryopithecus group and man during 
SOO,C00 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 
Tnstittltim, acrnrding to a TJnited Press dispatch (Nnv. 23), Mr. Gerrit 
Smith Miller, Jr., curator of mammals, since 1909, of the U. S. Nationnl 
Museum, is quoted as saying that the Pthecanthropus and Piltdown ape- 
like man fossils “are too incomplete to be regarded with certainty as 
having I)ertain.ed to creatures intermediate between man and some kind 
of ape.” -4s this book goes to press, my copy of this annual report has 
not yet arrived. Hence the only reply which I can make is, t&at if Mr. 
Miller said what he is rcportcd a s saying in his recent article, it soar& 
mom-c like the Rev. W. 13. Riley or Ililly Sunday than like the statement 
of a student of anthropology-or even of mammals. 
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CHAPTER VI 

THE TEETH,dF APES AND MEN 

VERY interesting and significant fact was revealed by the 
comprehensive studies of Dr. M11o Hellmar, research associate 
in the department of anthropology in the Atnerican Museilm 
of Natural History, and Dr. Gregory. These experts studied 

:I 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 
fossii ape D,yopitAecltls than is the cjviiized modern’s The pattern of 
dental construction is fundamentally similar in all the forms examined 
from 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 teeih, 
%, as that of the other Cathnrini, so that, as Lul.1 remarks, “the reduction 
from the original 44 is a primate nnil nnt a huwwr rhnmrterictic.” Tn 
all the Old World apes the dental formula is the same as in man: 

2 1 2 3 
--- .- 
i2, cl, 1’2, m3 X 2=32. 

So that there are, as a rule, in both man and the anthropoids, in 
either 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 premolars, and three molars. 

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

In a popular contribution to the monthly magazine &o&ion (De- 
cember, ‘192P), Dr. Gregory set forth some facts which are quite perti- 
nent 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 be is like most people he wiit find only four cusps, sep- 
arated from e:lch other at their bases by two main grooves forming a cross. This 



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 about 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 diaappcarcd, so thcrc arc 
other jaws in which it is less and less reduced. In the most ancient fossil human 
jaws known, namely the Heidelberg jaw, the Mausterian 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 
zrooves, each of which obviously corresponds in position in apes and men? Thus 
if the reader wears the sign of the cross on hfs 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 nlrle<t known fossil human lower molars are the ones that most closely 
approach the “‘Dryopithcnrs pattern” of the primitive ape molar. 



CHAPTER VII 

CHARACTERS COMMON TO APES AND MEN 

AN shares wirh the apes a nlarketl tendency to vwialion. not 
only in dentition but in other features, skeletal and muscular 
--and, one may add, psychical. All anthropoids and man are 
what Gregory calls “highly mutable and subject to evolutionary 

change” (.S&wrifir A MIPY~MV, p 2:?9, Septrmhcr, 192’7) .OhvirAy, 
and naturally, there are many differences between rnan and modern apes, 
and marked differences among the apes themselves. But, as first pointed ^ .^. out by Huxiey (Wan’s Piace in Nature,” l.sliY), “the differences be- 
twcen 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 materna1 
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 of man’s body, says Keith, “he finds it 
framed nn the mammalian plan, and if he compares it with that of 
anthropoid apes he finds the points of resemblance to he so numerous 
and so close that he cannot think that such a degree of resemblance could 
IF n welt nf mere chance.” 0~. 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 IS 
bones forming the facial skull.” Haeckel remarked that in man and the 
gorilla and cdimpankcc the fame 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 anatorqist Robert Hartmann demonstrated 
c~~llpletcly, long ago, that whatcvcr organ be tal:en for comparison, the 
anatomical difference between the fower Old World monkeys and the 
most highiy deveioped anthropid apes is far greater in every respect 
than the difference between the latter and man. (Hartmann’s grear 
work, “The Anthropoid Apes,” was translated in the International 
Science Series in 18~2). Hacckel regards the fact established by the 
late Dr. Ernil St&xl~a (~~~n~cksncril~rc; S~crcli~~t iibc~ &tzP/ick&~cg ztrzSd 
Sch8deEba~. 18!%1906] that the anthropoid apes share with man the 
peculiar structure of the discoid placenta, the deciduo rcflcxn (a portion 
of the rnembraneous lining of the utet US), ar~l &t: +i& of the allan- 
tois, as having great significance. Could it happen by “parallelism” that 
the process of supplving the unborn child with nourishment is exactly 
the same in 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 the later chimpanzee-l&c 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 commori 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 haifiness. A 
human being at one stage of his foetal development may have more hair 
on his hack per squaw centimeter than is fnlrnrl on an equal area on the 
back of a young-chimpanzee qr a gibbon, as witness tl!e 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 g&en herewith: 

Man I-L--r r-L:- ^_I_ ̂ ^ Px.f.-- lb-“--.” 
No. of hairs on a sq. CM. of the head __.. 880 

“‘LLL’~ buuupculLc~ “l”uul, IYIICILUD 

383 :z 
546 1240 

No. of hairs on a sq. cm. of the back .__. 686 937 440 1406 

(Quoted from Meyer Leirheim, Zeitschrift fiir Anatomic und Anthropologic, 
1915 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 orang 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 
01Gl11g. In both man and the apes a tail is present during fuetal devdop- 
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 j , come by anatomical features which are 
peculiar to itself. Keith foun,d that a full analysis of the structural 
details of man’s body shows about 3070 of them which are peculiar to 
himself. The gnrilla and the gihhon each have ahont 16% nf featnres 
pecr;Iiar to their own family (Keith, Riz&a di Antropologia, Vol. 20, 
p. 3, 1016). 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 ol’ 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 are of the 
Same number in these three fnmilbs. Another example is to be found 
in the small bones of the wrist. Of the higher primates, only in these 
three has the OS centrule 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 shares 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 gibhnn eight per cent of stnrrtr~al featrwes 
which are not to be seen in the bodies of the great anthropoids. There 
still persists in marl a small residue of anatomical detaiis which are 
a heritage &g the tarsioid or lemuroid ancestry. 

From tbi? details revealed by anatomical analysis it is plain that evolution has. 
not proceeded in an orderly or simple mgnncr in shaping the todics of the higher 
primates; characters are curiously scattered. Yet to explain the distribution of 
characters in the various families we must &pose that man’s ancestry is linked 
closely to that of the rlirican ar.thropoidctthc gorilla and chimpanzee. In Some 
instances we obtain help in explaining the distributian uf characters by calling i l l 
1k.e aid of collateral or parallel wolutiox?; in other cases Siendel’s dixoveries ;;I 
heredity assist us ; further, we see that the body of man and of ape is a great mosaic 
work of structmal PIPmrnts am-l that prqg-rssire changes may occur in one set of 
units while retrograde changes affect another set. 

(3~ Reiiil’s 5+3Wi ardcie, “Nan, Evuiuriun of,” iri tile tikeeaii~ 
edition of the Encyclopaedia Britannica, from which the above para- 
graph is quoted.) 

In a recent address before the Royal Academy (London), Dr. 
LIrtliur Thomson, professor of anatomy at Oxford University since 
1 XXI, told his audience: “It is onlv conceit which mnkcs mankind IX- 
lieve it is not descended from th; ape. Although gcneratinns have’ 
brought great changes in anatomy, the similarities are too great to hi: 
igrnorcd. A baby, until it can w~alk, resembles the xpe in neclrlg every 
respect.” 

-4s Darwin lung ago stated, trutwitllstandiur his noble qualities. 
his “god-like intellec.t,” man “sti21 bears in his bodily frame the indelible 
stamp of hisrlowly origin.” 



CHAPTER VIII 

SIMIAN ME;N’I‘ALI’I’Y 

I-IILE ;1 number of excellent buolis have appeared during the 
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- 
pIete account of “The Brain from Ape to Man”-a truly monumental 
wnr!: in *&.o .ml,,mor +*t"l;nre 1 19n -""no "..#,,1,1. ..) ".""""6 ,,#, U,. l"'p. ,.) ,.,.-c;m, dJr)lz 2nd *hc AnI. . . . . '""'6 .,'A,y: 1 ILL. 
fruit of fifteen years of very pamstakmg 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 rathey wirlelg from the .&sting mnn-l&e 3~4~. But it is not 
anywhere shown in his two heavy volumes on just what sound founda- 
tion this concept rests. Quite sufficient facts have already been ad- 
rlured even in this little volume, one would think, to show that man’s 
direct kinship with the chimpanzee 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 vohlmes ‘5 nninns mixture of 
generalities about habits and probable ancestry of lemurs, monkeys, apes, 
and men, apparently Intended for general readers, and long technical 
nlalrrnlncriral dPPrrintinns whirh C.?E he TP’d a?l!y hp oymM+cl ” T-T,-. .-..“A” . . . . o . . .._. .._... -__ 

on (in a review ii-?& New Xepzcblic, September 10,?928) : **% w’-- 

In ‘fact, 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 fondness 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 big 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.. 

Thi ,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 
eehavior ; they are the organs which mark the difference between meager and 
Inefficient Iife and wealth of exprimce and rnmpprenre in getting the most pas- 



sible out of life. In mankind they include the apparatus “which acts as the accumu- 
lator of experience, the director of behavior, and the instigator of progress.” . . . 

if we think with our brains-and if we don’t, how do we do it i-then the 
brain is a 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 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, 
thry Clivcl diftcrcrrt 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 iuld lcavr: luexrtality 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 seas to be the only 
way open to us if we are ever to hope for fruitful application of scientific methods 
to the acute problems of human life and conduct. A lot of popular and philosophical 
mysticism and metaphysical prejndire ahnnt rfisemhndirrl spirits that ran make 
something out of nothing mzy have to go into the discard before we ran find a 
really 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, inrlwling 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 CrLMngnnn artists of some 20.000 years ago. 
with additional specuiations on “Man-Past, Present and Future.” 

Just why a discussion of the very important fossil child-ape 
A~.~alopSzscz~s (the Taungs skul1) is omitted it is difficuh 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 hhere has been “a def- 
inite increase in the width of the brain, expanding those areas which 
have to do with the higher faculties of reason and judgment,” However, 
i’nert: is rluiliiiig iiew iii CilS Jii3iciIieiii ; biit Cie rllally tileiLii uirsava- __ _ __-. 
tions and measurements made by Dr. Tilney serve to reinforce a con- 
clusion arrived at by other investigators from less nearly compIete data. 
“The human brain,” says Tiiney, “from its most humble beginni has 
manifested advances to specialization of those areas associated wit the “a 
production of spoken language, with the regulation of highly s?&cl 
acts, and most probably at [east with understanding.” 

Professor Tilney considers right-handedness! an index to human 
progress. lhe 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 Bark 
with orang-outans show that although these apes are more or less qtn- 
hidcxtrous, nevertheless, when they wish to make ‘an exceptional effort 
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they use the right hand in preference to the left. IJowever, Ieft-handed- 
ness may occur as an exceptional variation. Pmf. .G. Elliott Smith, of 
University Cullcge, Lonclo~~, discovered it fossil human skull that bore 
clear evideuce of having belonged to a left-handed womatl. In a com- 
munication to the British iMedical Journal (London), in 1926, Pro- 
fessor Smith pointed out the definite evidence, provided by the skull, 
of the reversaI of the normal symmetry of the brain-case, and the reasons 
fnr nssoriating this reversal with left-handedness. To us& his own 
wxds : 

In the winter of 1YU7-08 Prof. Wood Jones md I inveotigatcd the significance 
of this reversal, accepting as the criterion ol right- or left-handedness, respec- 
tively, the observation whether the right or the left humerus was tie longer aid 
stronger. In the cranium 1: 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 from the size of the humeri as indicatious of right- or left-handedness. c ,. .~UIC~‘AOYJ, when Arnoid raised this probiem Ior conslderatlon, an extensive iirera- 
lure has accumulated from repeated discussions. An admirable summary by the 
late Proiessor Gaupp was publlshed at Jena in 1908. He summarizes the researches 
on, the question of the excess in length of the left or right arm, and shows that 
these diiierences 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 ironger 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 l=q$h of the 
arm-bone in. the Feat majority of caper I$ a safe !ndlcation of right of loft- 
handedness; 

During the course of his work in Nubia in 1907 Prof. Wood Jones attempted 
to correlate MS observations on the skeletons of the ancient inltab&nts of Nubia 
with the cmnrlitinns fnunrt in living Egyptians. and he r&covered that in right- 
handed living people the left clavicle was longer and thinner than the right. Then, 
proceeding to examine the bones 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 whcp the condition 
was reversed the left humerus was then the bigger bone. He regarded this as 
n rudi~~uatiu~~ uf he LISC WC had made of the ~UIWXUS aa tit iw.liwtion of right- 
or left-handedness. 

The asymmetry of the brain associated with this asymmetry of the limbs is 
not restricted to modem man. It is characteristic of the human family as a whole, 
and it seems to be one ot the distinctiveiy 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 member& 
of the order Primates. 

Attempts have been made in the past to determine whether extinct members 
of ihe human familv were right- or left-handed, by a study of the implements 
made by these people. nut so far as I am aware no one has attempted to solve 
this problem directly by a consideration of the fossil remains of man himself. 
‘I& &&nce of asymmetry of the brain to which I have &led attention throws 0 
li&t on-this problem that is much mare reliable than any illfcrencc which,,can be 
made from man’s handiwork. 

The question naturally suggests itself whether there is any trace of asymmetry 
i,l the anthropoid apes. Although the two cerebral 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 io 
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the gibbons and oraugs (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 
blah, &xc: SC~UU to bc iu &c iuAuuI)viJ tipcs a.11 hotability that affccb the 
symmetry of the limbs, akhough 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 tcndcncics that manifest thckelves at this relatively late time. 
It trust alsu bc ~r~~~r~nbc~rd (hat these cnngcllital tcndcncics may in many casc~ bc 
Overcome to a considerable extent by training ; so that it is possible to get a braill 
showing the as metry distinctive of left-handedness with limbs which show the 
conditions usua ly associated with right-handedness, $ 

‘The investigation of Prof. Catherine Beers, of the University of 
c’-..LL,.- i--c1..,-:, -t. ̂ ___ ,A CL.-& ,l.,..c ,Rcf AC mnr.--ec . . ..A 1nL1 h.,nrTarl .11111111L1 II Ldlll”IlllLL, .,ll”VYCU u,al. a”“UL Lb ,,I “L ~LLJ”r,o QIL ILAL’IIUIIUb”. 

The brain naturally grew, symmPtrirnlly or ssympttrically, other 
things being equal, as the needs nf our arlcestors evidenced varletp and 
the necessity for what Spencer cnlled “correqxmdence 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 out (“The Nature of Man,” p. 70, I%??‘), the better it 
developed : 

Its area uf associaLion klwrel: healing and- ?cciug, scclog and touching, etc., 
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 monkey ancestor, ht: 
might as well have had an opossum ior .an ancestor. It was not mere body that 
made monkeys smart; nor their brain that produced their hand. ‘l‘helr brain made 
the most of their hand, but, as Jones says, wMe man can play the violm beau% 
he has a big brain, what could his brain do if his hand were a horse’s foot? 

Again (to cpote 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. M&alit!: of ANS.” 
But the information is all emotional-&ngeti;, foes, enemies, friends, food, screams 
Ijf rxw. &stress. and abject fear. whines of teasing. scoldinrr, and Detulance, and the 
sooth:@, cooing; billing, of affection and love. Wlthin their repertoire of emotional 
cries, ranging from the passion of love tu 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 
kt10ws. 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 not learn to 
speak enough words to pass a simple “intelligence” test, especially as nobody ~UIOWS 
anything about inteltigeuce. . . . 

I&‘ith the development of speech as B tncan~ of mmmnnirxtirm, and especially 
as a definite tool for naming objects, human social behavior entered upon a quite 
new career, the end of which is not in sight. Language was the turning point in 
man’s break from the apes; its origin was from ‘such vocalizations a.s apes and 
monkeys make. 

A few words only need be qaid here respecting the comparative 
SEC 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 ihe 
Gzc of the brain, is 1,500 cubic ccntimctcrs. The avcragc male gorilla 
has a cranial capacity of 470 CL, though in a few exceptional cases it 
reaches a capacity nearer 600 c. c. The average male orang has a brain 
capacity of 418 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, cvcn in details of structurt. 
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 2 clnw stwly of the brains of the Inwer nnimnls rind mnn 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 
alsd in that of “the lower animals,” a deep furrow running obliquely 
downward and forward above the ear, called the “fissure of Robndo:’ 
Grouped around this, as has been shown by experiments with animal 
brains, are a number of aggregations of nerve cells in the gray mattec 
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 nf the body, rind nnwhere e1.q~. There is .c:urh n center for the nrm, 

one for the leg, for the face, the fingers, and so on. These centers have 
been exactly mabped out in the animal brain, and it has been found th,it 
“in the human brain the location of the corresponding motor ccntcrs ij 
a duplicate of those in the brains of rtnimals.” 

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. 
Since the human thumb corresponds pith the great toe of the forefoot 
of animals, Dr. Keen opened the patlent’s skull ‘over a point aveeing 
with the location of the great toe motor center in the animal bram, and 
cnt nut x little ruhe of brain substance. There are nn 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, frurrr &ily uccurrencc, ~iminishcd to about OIK a year, and in 
a few months the patient even regained full control over her thumb. 

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

Had I seen this case prior to X!S-when I first made a careful study of the 
motor -centers in the brain-I should, of course, have iollowed only the visible 
indication of tlxc locatb~~ uf the injury to the brain, namely, the bruise. Had I 
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opcttcd hi3 slcull near the bruise I should have been confronted with a p-f&y 
rlo1111a~ brain. I siluuld lllcll imve becm cumpel~~d tu close (he wwmd and have, 
perforce, done nothing more. He wouId 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 
lhen concentrated @lefty in the arm, but never extended to the face, my diaguoais 
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- 
Iv;D~~ 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 race, Evidently the clot must be immediately removed or he would 
quickly die. 

Operation showed that the diagnosis was correct, The. skull was 
opened, arid 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 centers4n the brains of 
man 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 Kiihler’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 uitc 
equal to the task. With a dog the conditions are very Jlflerent. 9 et 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 patiynce, Funress 
taught his young orang to say “Papa,” and it may be that the ape learned 
that this sound was in some way relatti to her master. Fumess be- 
lieves that she knew it was his name. The s+me*ape was also tattght, 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 @at she was 
talking about. (See William H. Furness, “Observations on the Men- 
tality of Chimpanzees and Urang-outans,” Proceedings of the American 
Philosophical Society, 1916, 55, pp. 281-290: also Robert M. Yerkes 
and Blache W. Learned, “ChimljanzeelIntelligetie and Its Vocal Expres- 
sions,” 1925). 

Boutan, wbrking on the rather vocal gibbon (said by Biilsche to 
be able to utter musical sounds) found that this ape was capable of 
speaking no real words, but mere emotional utterances. (See Louis 
Routan, ‘Le per&-langage:’ Actes de la St&et4 Lhtnww de Bw- 
ncnrrx, 1913, 67,. pp. 5-80). 

Fumess states that the orang and chimpanzee evinced a clear 
cm~pvehcnsion of the significance of words for objects and actions, and 
that his apes were able to undetstand wbat was said to them better than 
any professionallv trained animals he had ever seen. ‘Miss Learned 
recorded in n~&cal notation the various vocnlizattions of two young 
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chimpanzees, seeking at the same time to discover the significance of 
the sounds; and k’erkes 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 reyIoduce auditory stimuli or to imitate sounds produced by 
its kind qr by man. (See “Anthropoid Behavior,” by Robert M. Yerkes 
and Margaret Sykes Child, The Qtt.utit?rZy Review of Biology, March, 
19~7, pp. 32’757). Yerk~s is inclined to think that the great apes “haye 
plenty to taIk about, but no gift for the use of sounds to represent indl- 
vidual, as contrasted with racial, feelings or ideas.” 

It is possible that their disinclination for talk had a survival iralue 
in their native habitat. When danger is imminent they can all make 
noise rndu&-warning cries. Mere talk, under ordinary circumstances, 
might have attracted the attention of enemies. However, our author-s 
say, “We may not safely assume that they have nothing but, feelings to 
express, ur even that their word-like sounds nlwz~ys 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 knnwn book, “Arboreal Man,” Prof. F. Wood Jones 
points out the psychologicaI--onc might almost .say cultural-value of 
living in trees, as did our simian gncestors, This mode of life, when 
not continued beyond R certain point, not only made it possible for them 
to evolve into human beings after their descent to the plaitis,. 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, arase “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. J&t all goes back in the long run to 
the ape’s power to grasp and closely inspect objects with “hands”Tfor 
man’s arm cannot be used as a leg. II-. 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 tfivial beginning 
can have produced the tremendous changes that follow in Its train. The power 
of the hand-grasp has made possible the forerunners of the Primates, hk perfected 
the evolution of the Primates, and paved the way for the development of man. . . . 

The arborealthabit conferred its benefits by emancipating the fore-limb from 
the duties of supportland progression ; and by differentiating its functions from that 
uf the hind-fiujb, it saved the animal from becoming qua&pedal. In different&&g 
the functions of the two sets of limbs, the animal gains 1 great de& Some animals. 
one might almost say, have gone too far iniadapting themselves to the arboreal 
habit. An animal saved by the arboreal habit from becoming quadru edal does 
not gain the maximum of the benefits derivable from its new mode o life if it P 
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 tbq stock from which man arqse. . . . 

The human hand, ‘a strangely, almost shockingly, primitive survival, has re- 
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ceivcd enormous praise mistakenly lavished b the philosopher and the an&x&t; 
but the human foot, a wonderfully modifie (I 
had but scant appreciation. . . . 

and distinctly human member, has 

Zoologically speaking, we may say that the very. useful and specialized foot 
adapted for terrcatrial progression is a fopt of few digits. It may, in fact, he a 
foot composed of a solitary digit. The evolutionary stages by which the horse has 
CCM+ tn stand .solely lIDon its third digit are well lcnowu. Similar processes 
produced the two-digited foot of the deer auld of the ostrich, There can be no 
doubt that man is trusting, not to this third digit, but to his first, and that al1 the 
nfhrrq WP nndergoing a prnccns of mmparative atrophy. This is in reality a most 
iutel-eati;ig probkm. Thcrc i3 an admitted tendency to rpeciaIi7e one digit in a 
thoroughly adapted terrestrial foot. Man applied an arboreal foot to terrestrial 
progression, and in this arhoreal foot the best-developed member was the nld 
grasping dlgit-thc 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 quite unipu+a foot ~II which the first digit is 
the dominant, and .in the end, perhaps, the sole surviving member. 

While thp a~ prcntq WWP evpntaally wdl prnvid~rl with the mans 
for self-protection and further advancement, the baby ape is quite as 
tkelyiess as a human infant. Ycrkcs, in his &sorbing book, “Almost 
Human” (1926), brihgs to light many heretofore doubtful statements 
and previously unknown facts concerning the life-history and “home 
life” oE the anthropoids. Louis MontanP, who made investigations in 
the Rhreu primate colony in Havana, Cuba, where about 80 primates 
arc being studied, had already written on the sex behavior and breeding 
of chimpanzees, and it way hc: who was first to report the birth and curly 
behavior of hnumi, the first &impanzec known to.have been born and 
vrurred in the Western Hemisphere. He was ten years old in 1925, and 
may be stiI1 alive. In New York, 74’. Reicl Btair, of the Zoological Park, 
reports that the )-oung survive tirth fur only a short time; wlxreas in 
Berlin, G. J. von Allesch, of the Berlin Zoological Garden, had 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 chixnyanxc is not fess than acvcn, nor more than nine, 
rwx~ths, In this ,mnnection it may be stated that I have been informed 
of a (human) family in which all the children (four of them, if my 
mmrnnrrr COCVP~ mn f.,;rhf,.llw\ ,,,~,..a crurn-mnnth ;nCantc I%, .,I.. “‘-, ..,I. .“Y . ..- .-.“L...., , . . v-1 I.,, v-e -..---.-. -***-...*. ff &is is tll_le 

--and I have no reason to doubt the veracity of my infarmant-then it 
might be considered a reversion to an ancestrG~~@, None of this 
family is renowned for intellectuai achievement, SO to speak. It is 
pq&rly believed that a seven-month baby has a better “life expectancy” 
than an eight-month infant; but modern medical science condemns this 
1)elief as a mere supcrstkion. 

Wile there is nu e.xact record on the Ien 
vi 

h of tht period of gesta- 
tion in any of the mm-like apes, Dr. Carl G- artman, of the Carnegie 
Institution of Washington, has recently reported on the mating and 
parturition of Mtxacw rltew (or Bhunder), a monkey very common 
over the center and north of India and in Further India, from the pf~in~ 
u.p to 10,000 feet in Kashmir. They are common in our zoological gar- 
dens, and are sometimes seen with organ-grinders. 

Says Dr. Hartmati (in Science, 3anw-y 6, 1938) : 
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Far over a year the female in question had been found to menstruate rcgularlsr 
in cycles of 26 days. The successful mating took place from the ninth PO the 
twelfth day after the beginning of the last menstrual period. . . . ‘This is also 
about the time at which Coriler (1923) and Allen (1927) had found ova in the 
Fallopian tube oi the same species of monkey. For theoretical reasons, therefore, 
it ii almost certain that concep:ion 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 authmities agree that the new-born anthropoid is as helpless as 
a new-born humanlinfant, and, as Yerkes pms it, 

Without parental attention and assistance Citl would perish within a iew hours. 
During the first few months of postnatal existence it is wholly dependent On 
the mother for nourishment, protection, and bodily care. Gradually i, achieves 
independence through acquisition of the ability to walk, in which it is assisted by 
parental tttitinn, rend is thus pnshled to amuse. itself in increasing measure, :o seek 
food, and to tieveiop steadiiy through piay with others of its kind. 

(A vdmhle contribution on “Sex .Development in Apes,” by Dr. 
Harold C. Bin-ham, was issued in 19,‘29 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 Ii. :I-. 
Garner, who claimed to have interpreted 44 chinlpanzee “.cyords” an<1 
who lived, as said, many years in the African jungle studying the great 
anthropoids at close range, contributed to our knowledge o,f gorilla 
Z&XX&~ in his “Gorillas m Their Own Jungle” (Zoological Society 
Uztlletin, New Yurk, 1914, 17, pp. 1102-1.104). -The conduct of gorilln 
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 T)r. Wolfgang Ktihler, director of the l3erlin Psycho- 
logical ltlstitllte and ot the Anthropological Station at Teneriffe, Canary 
Islands, that young chimpanzees enter into games with the same alacrity 
manifested by children in general. Often when a pair of his you~~g 
rhimnrrnwP~ twmn tc Stlmn 2nd clrc!p ar~t~nd a pg, &crs ininrrl 1~1 _ ___--_ l~l‘----” .L Io--- L- ---.- J - _--.- 
the game? or dance, forming a ring, reminding one of a savage tribe in 
a dance. They seemed inclined to keep time togethyr. (See Kohler, 
“The Mentality of Apes,” 1925). 

Speaking to an audience of civil engineering students of Johus 
Hup’kius Udversity, in a lecture tour of ‘the Unitccl States in 1025, Dr. 
Kohler said : 

My tests and years of study leave me no alternative but lu avert Aat Neal is 
only a higher type of anthropoid. whose intelligence has undergone a great trans- 
formation through thousands of years of existence. . . . The ape cannot be taught 
mathematics; it does not understand words any better than ;I 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 (IX%), Dr. IV. Keid Blair suggested that man had over- 
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lnnked an opportunity fnr increasing his number of domestic and indus- 
trial servants. In commenting on Dr. Blair’s suggestion, Dr. E. E. Free’s 
fiTeek’s Science (New York) said : 

Even in its present state the chimpanzee is, Dr. Blair believes, the most in- 
tolligent of animals next to mm. If primitive mm had happened, he remarked, to 
select chimpanzees for domestication instead of dogs, if these clever and affec- 
tionate apes had enjoyed the long centuries of human coinpanionship which has 
been the lot of the dog, it is impossible to say how greatly their intelligence might 
I:ave been rlevelopect. Cenruriw of cffnrt to l~xcecl the must iutelligrnl vdliclics 
of apes, just as breeders have produced kinds of 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 probablv profit greatlv 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. 3s well 3s one of man’s. 

‘I‘he question has often been raised why all male chimpanzees and 
nrangs become cross and intractable, even quite dangerous, after reaching 
full adulthood. A number of different answers have been given, but a 
solution offered by Dr. C. W. Beebe (“The Log of the Sun,” pp. 4G8- 
&9), seems to me to be the most satisfaac’tory 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 
~I~uscl~s. These rl~vr.lnpments react upon the skull, developing the 
median crest and at the same time thickening the cranial walls. There 
ensues, he thinks, a pressute upon the brain, with the consequent mental 
reaction. While it can Gtlrer tt: yruvtxl nur salzly denied, the theory is 
Found, 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 anqestors from which they and man have 
sprung, and while mankind has progressed onward and upward 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 ari 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- 
ccpting that many supposedly “human” traits ,are obviously inheritances 
from our simian ancestors, and that, on the other hand, many m&n anal 
women show themselves capable of deeds of meanness and atrocity which 
would (figuratively speaking) bring the blush of shame to the hairy 
c!leek 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. I-lornaday’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 & a most entertaining as well as authoritative way. 
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CHAPTER IX 

AN AMERICAN ANTHROPOID? 

N THE issue of June 15, 192’3, The ~llt&+~t~d. I.JV&H Np7i.b.r 
(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 havvc 
been non-existent either in North or South America. It was shot while 
.,I_._ 1.: .___ ̂__ _ .__^ t....: .-,- ‘~LLL(wlLLI~ CaLI LAyI”Lilltj ---L-- --- paLL] 111 a thick Jb”‘fj,E; or;,,,,, 4, I1VVl :..,-l- 1 ̂ ^:A^ - -! _.^.. iie?p iliC 
Venezuela-Colombia border, and has been given the name Amer-r~~zthm- 
(loides Loysi, after Francis delays, BSc., D.Sc., F.G.S., noted geologist, 
whu Awl itnd studied the spccitncn, u fcmalc ape about five feet two 
inches, and weighing about 116 pounds. The male was wounded but 
escaped into the dense forest. 

The report of the discovery was communicated to the Accl&%e des 
Sciences of Paris on March 11, 1929, and discussed by Dr. G. Montan- 
tlnn, to whnm it WRR lcm of .z surprise thnn to other scientists, t’cw LTna 
tandon, of the French Anthropologic Institute, is an advocate of what he 
calls the Ologenic Theory, recently set forth by him in his ‘L’Ulogcn~s~ 
IIurnwim? (b-is) , According to this theory, anthropoids ELS well a5 
hominians (~~HUS Jlonzo) originated independently on the various con- 
tinents. In this instance, cx hypofhesc, we are dealing with a case oi 
“parallelism.” This creature. “with strangclv human figure, eyes, anal 
expression,” more nearly resembles the Asia&c gibbon than it does any 
ap of the Sew ‘Wor!cl, all of which have 36 teeth, whereas, this speci- 
men, like the Oltl Wu11rl apes, had hut 32, “without,” :;ny:: delays, “on 
the back portion of the mandible, any protuberances hinting at the pos- 
sibility of a greater number of embryonic molar teeth.” Likewise, the 
-tine umc: millss ~,;r&prc::ls al! P,EJ!!!!I .An>cricatl mnnl.:~v~~ I>Q~~C~S 1~p-v r)rc i ‘,,- ..-- ---_.II., 

hensile caudal appendages. 

It seems that American scientists are somewhat skeptical on the 
qucstiort of anthropoid apes in South America. For exaple. Dr. C. V+‘. 
Stiles, of the United Stares Hygienic J.aboratory. 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 is ridiculous. Maw/ 
ridiculous things turn nnt to he trne. If there is any possibility that an anthropoib 
ape has been found on this continent the discovery is of such importance that :I 
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 In- 
stitute of Great Britain anrI II&I~& contributed a most intcrcsting dis- 
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c&on of Dr. dcloys’ find to Tl2.9 Scientific Motzthly (September, 1929, 
pp. 275%‘9). 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. delays, which are reproduced in the magazine just 
li~ctltic~ne~L 01 these he says ; 

Careful inupectiou of these photographs reveals the lollowing lacts: 

The human-hke 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 outwardiy defiected nostrils-characters which are 
peculiar to the New Wo11d monkeys generally and specially to the genus A t&s. 

It is a curious fact that none of the Old World monkeys and apes possesses a 
forehrad as nrnminrnt as that fnnnrl in many New World monkevs. The high 
forehead, which is so di$t;nctively human a characteristic, is primarily what lends 
60 buman a~ appenrance to the hecld of this creature, whose face is identical in 
appearance with most spkies of the genus Afcle~. In no Old World monkey and 
in nn ape. hnwever, 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 
i:lwardly directed nostrils, namely, -4 lorrafta, A&s,. and Brachytcles. 

With the aid of r+ 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 
iu Y drurac,rchiaIiL wlridr ia ay~~i~irnll~ awuoiatsrl n it11 ~Itrlru, fur am pthrr South 
American monkey posseses so reduced a thugb. None of the Old World monkeys 
and apes possesses such a character; in only the orang-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 cxtremc 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 
i:> the trees. This foot is identrrnl in appeatance with that of At&s. . . . 

As 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 
heiaht tnav conceivnblv be exceeded in snmc CASPS. 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 features 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 arc 
here dealing with at least a new subspecies of monkey. 

The idea that the anthropoids and man have arisen independently 
from lower forms in various parts of the world, 2nd sivpn tisr? tr, dif- 
fcrent 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 
Europe known as Neanderthal, or Mousterian, together with the living 
Negro peoples of Africa, had arisen from the same original stock as the 

clGmpanzec and gorilla, whereas Mongolian peoples and men of the mod- 



k!aynard Shipley 59 

ern Eurupeau type Irad syrung frurrr the samt: 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 ate structurally very similar-onIy 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 19ll;, in his “Die St& 
hag der Memchcn im Naturganzen,” and set forth m popular form in 
his book of 19,23, “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 Oilr Midst:” in whirl1 he adduced evidences from his experience as a 
hospilal dileclr~~ drdt XXIII tu strypurt, 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 wislllully,” and what Henshaw Ward has named “thohbing,” places 
Crookshank among “sciosophists,” those who facilely evoke discoveries 
“without the hard mental grind which. exalts itself as ‘reseat&’ ” 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 seem cntircly fair to Dr:Crooksbank, who bases his 
theory mostly on the sitting posture of the various races, but gives a 
great deal of other suggestive eiidence. Moreover. it does not exactly 
rcprcscnts his t’neory ; r”or cxampic, he inci~rtics ihc Jew3 au~uirl; ills: chkii- 
panzee-descendants. And so-called Mongoloids ate technically idiots, not 
morons. 



CHAPTER X 

AN APE INTERMEDIATE BETWEEN LIVING ANTHROPOIDS AND MAN? 

URING November, 19.24, there was brought to Dr. Raymond 
A. Dart, professor of anatomy in the ‘University of Witwaters- 
rand, at Johannesburg, South Africa, by one of his studentg, 
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 
. ..nrC ,C Tn..nm. :, T?2,,.h.+,.ml.,,A Cn..ch A A.;,, L. n-0 nc th, A;mrtnnr ,Vb.¶C “L rcrur,g.Jt 1.1 ULLIIUcLLIILLIcuI\L, L,L,UC.I I III1LLL) “J CIIC. UL L1.C. U‘ILLk”L” 

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 Lht: lilllc, rvllicll ~Iuling the ~vursc UI uul&I iigcs have 
been 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 complete 
skeletons had been found from time to time, but thrown away by the 
wo rkmm , Dr. D&t nskc.d that further specimens bo saved for l&n ; rind 
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 gc&o,~. To continue the story in Dr. Dart’s own words : 

One of these picccs 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 brain case was found ta fit accurately by 
its front end into one of the iargcr rock fragments, so one recoghized that the 
facial skeleton of the creature must be prqsent in this solirI block of limestone. 

1. _ I . A nlvr& ui sit.aJy wol’k i%st &\iill udlulll~~, iliiscl, aiiit ~a-W, aid ktG id?i 
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 bahv-the first record of a group of crcaturcs long since extinct, hut which’were 
more human in features and in brain power than any anthropoid apesnow 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 firoup of beihgs, having acquired 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 GmuIianeously revealed to the senses of 
vision and touch and also of hearing. . . Thev Dossessed to a degree unaDnre- 
ciated by living anthropoids the use of their hands and ears and the consequent 



faculty of assnriating with the color, for?? and general appearance of objects, 
their weight, texture, resilience, and flexibility, as well as the signitlcance ot 
sounds emitted by them. In other words, tfieir 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 6id down the foimdatlons of that 
discriminating knowledge of the appearance, feeling, and sound of things that was 
a necessary milestone in the acquisition of articulate speech. 

Tbcrc is an ultra-sirniatl quality wl the brain depicted in this immature 
en&cranial cast which harmoliizes with the ultra-simian features revealed by the 
entire cranial topography and corroborates the various inferences drawn therefrom. 
The 2,000 miles of territory which separate this ceature from its nearest living 
anthkopold cousins is indlrect testimony to its increased intelligence and mastery 
of izs e&ronmcnt. It is manifest that we are in the presence here of a pre-human 
stock, neither chimpanzee ncr gorilla, which possesses a series of differential 
chnrxters 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.” 

Sinrc the day its discnvery was announced thmngh the puss, the 
Taungs skull, which Dart named AztstraIo~itlzcczrs (southern alx), com- 
parable to a human chilcl of four or five years, has been a subject of con- 
rroversy among experts. This is not the place to set forth the diverging 
vielvs 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 admittcrl hy all that the Austrn1n~itheru.r is allid +n the 
cl~irnpanzee, there are many points on which it differs from both the 
chimpanzee and the gorilla. 

That eminent anatomist Dr. Richard Broom, writing in Tkc Sclen- 
lijic Alnetican for August, 1929, p. 121, says of this interesting fossil 
sku!l, among other interesting conc’lusions : 

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 huma? shape and shows 
certain very marked advances in the human direction: from the brain nf the rhim- 
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 erectCly1 than the head of either 
the c‘nimpanzee or gorilla, and thus th3t A~tstmlo~ithccus must have walked nlclre 
erect. If he walked more erect he must almost certainly have been 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 amnng the rocks and open forests the only monkeys are baboons and little apes. 
Associated in the cave where Amfrdopithectts was found, are numerous skulls of 
a sljecies of baboon, sufficiently satisfactory ‘evidence that the climatic conditions 
whcrl A~lralopi(lrrczrs lived wele very similai- to thuse 01 May, i~ucl we ciln be 
quite certain that ACstralopifltecus wa 3 
foresr-inhabiting animal. 

a rock-climbing, plains-living and not a 

Cart. with the intuition of genius. boldly made Austmlopifherm the type of a 
new family intermediate between the hjgher 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 ii when a good skeleton is discovered, as it probably will he 
in :: very few years. it is sren that A~usfdopitherus has a foot approaching the 
human foot, as I believe will he the case, Dart will be thoroughty justified in his 
cor.clusions. . . . 



62 Man. Cousin to the Aves 

Was has shown that the ikkull differs very greatly from that of the chim- 
panzee, and concludes that “‘Artstrdopithcctrs makca a ncarcr approach to the 
Hominidae than any existing anthropoid ape.” Surely science has advanced suf- 
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 speoes, if net genus, of the ,great apes. . . . Just what the 
relation this farm 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 nrlrlitinnal 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 Pl&stocene. 
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CHAPTER XI 

FOSSIL CklNNECTING LlNKS 1.W MAN’S HIST0RY 

IIIZ lovl-ent +ype of human skulf’so far discovered was found by 
Dr. E.ugen Dubois, a Dutch army surgeon, in 1891, on the 
Bengavan, or Soio Rive, in central Java. Only the skull-cap 
remained. A human upper molar tooth had been found about 

ogle meter (-3.~8 ft.) d&nL from where the skull appeared. Some 
months later, at the close of the rainy season, a second molar tooth and a 
left thigh-hone were unearthed, embedded and fnnsilized in the same man- 
ner as the skull. In 1894, Dubois described these fragments as the type 
Pithecanthropus ercctw, a term signitymg “upright-standing ape-man,” 
an crcct posture being in perfect harmony with the strnctnre and fnrrn nf 
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 conclvsion 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 is only 57 per cent of that of the avan man, and that of the latter 
is ?‘R per cent of the Piltclown man. 4 he femur of Pithecanthropus is 
certainly human-like. 

Qr. Wilhelm Gieseler, of the University of Munich, in 1928 came 
forward with the theory that the legs of human beings evolved in advance of iliZ skui;* ‘I‘L- I _-.- -i AI- l-B--t __._ TT.‘,, lhz-._ CT)L-A*-l-, _&_ -___ L I Ilt: q;a “1 LL‘C U1UnFIl 11111 LVulll \rxmJuc3la, ait: lllUC‘l 
like those of modern man, while his skull is Neanderthaloid. Of this 
Rhodesian Man, Sir Arthur Keith remarked, in T/W Illwtrated 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 into Africa, tor the site of the Broken Hill 
Company’s work lies 4,000 miles from southern Europe. We now seem to be 
tracing Neanderthal hlan toward his cradle-land, for in many of its features the 
Rhodesian skull is mnrP primitive than European specimens of the same tyw. 

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 bthe 
Neanderthals, who are now represented by more than fifty individuals. 

The far more advanced CrG-Mngnon race, regarded ns immigrants from 



64 Man, Cousin lo the Ape8 

Asia, and certain related races, include 82 individuals. Nearly 130 skulls 
and skeletons of fossil men are now to be seen and studied iu he 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 
edited by Frances Mason), in these words, which T quote, as my own 
conclusion, for the enjoyment of any anti-evolutionist readers : 

The natural egutiun of man has made him easily 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 Oresent 
estate from less intelligent animals is still practically denied to the majority of 
mankind. 

The gospei of evoiution as outiined above is not the writer’s inventionj it has 
not been buift up,, Iike early systems of reli 
gods without; it IS simply a very condense h 

ion, in an endeavor to propittate the 
outline of what Nature is gradualiy 

revealing to .those who carefully examine her records. When man fully realizes 
what &e has come from and the long, slow steps by which he has reached his 
present condition, he will be better ahle to apply intelligent meawes toward 
correcting his infirmities and toward gmding his evolution along profitable paths 
in the future. 
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