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too EVOLUTION 
OF ANATOMY 

TIIE CIEX E OF .\N.\TO)IY PRING FRO)! TWO )l.\lN 
om E : FIR ·r. ~I.\ " E.\R II FOR THE C.\ C E OF Ill 

BODILY P.\l)/ ; ECO'.'IDLY. FRO)! III crRIO ITY ,\BOl'T 
]ID( ELF. TIIE FIH T )IOTI\'E !\'ES RISE TO srRGERY. OR 
APPLIED AN.\ TO)I\' , AND )IEDICfNE : TUE ECOND TO CO)I­
P.\R.\ Tl \'E .\ N.\TO~IY. OR, ~IORPHOLOGY. TIIIS DE.\LS \\'ITH 
THE T.\GES THROl'GH Will H A Gf\'E:'\' ORG.\ N II.\ P.\ ED 
DL"RING IT E\"OLUTTON. 

,UIONC TIIE ,\ CIENT ANATO,IY WA LARGELY J!IXED l'P 
ll'fTII A TllOLO GY .\ ND OTHER FO inIS OF FO R'ITNE TELL! 'G 
AND )I.\DE CO)IPAR.-\Tf\'ELY LITTLE PROGRE S l 'NTIL ARIS­
TOTLE (BORN 384 B.C. ) LAID THE FOUNO.\TIONS OF OM­
PAH.\Tn'E ,\ N.\TO)IY . ANO GALEN (129-199 .\ .0 . ) F.\IRLY 
OPENED l'P TTIE !ENCE OF .-\N.\ TO \IY. P.-\RTLY OX THE 
B,\ I OI<' IIIS DI ECTI ON OF THE B.\RB.\RY APE. 

AF"l'ER .\ LONG ECLIP E 01< ANATO)I\' Dl'RING THE D.\RK 
ACES (200 TO 1050 A.O.) 'l'IIE SCIENCE \\'AS RE\' l\' ED .\'r 
BOI,OGN.\ , PADU.\ A ' D OTHER UN f\' ER !TIES OF THE )IIDDLE 
AGE . 

THE GRE.\ T .\RT!. 'I' LEON.\RDO D.\ \ 'J:-;cr (1452-151!}) LEFT 
BEIITXD IIDI .\ ERIES OF WO:'\'DERFliL DR.\WINGS OF n mL\ N 
AN.\TO)IY. HE \\'.\ FOLLOWED RY VES.\LIUS (151-1-1564) THE 
!?OCNDER OF ~IODERN A ATO)IY . 

• rn ONG 1' 11 E CREATE T .-\DV.\NCES IN )IODERN .\ N.\TO)I­
IC.\L K:\'OWLEDCE )I.\Y BE ,tEN'rIONED THE FOLLOWI NG : 

( I) THE DI CO\'ETlY OF THE CIRC "LATION OF THE BLOOD 
BY \\'JLLI.UI 11.\ln'EY (1616) . 

(2) TII E lN\'ENTlON AND DE\' ELOPalENT OF THE )IICRO-
COPE .\ ND OF rn ROSCO!'! .\ N.\ '1'0 )11" . OR III TOLOGY BY 

LEEl"\\'EN IIO EK (1632-1723) AND ms S CCES ORS. TIIIS II.\ 
)!.\DE PO SI8LE THE )!O DER CIENCE OF E)lBRYOLOGY. 
GENETIC . EXPEtmt ENTA L BIOWGY, E:'<DOCRINOLOGY, ETC. 

(~) THE FOU ' DI G OF ;\IOOERN CO)IP.\RATI\'E .\NATO)IY 
A 10 P,\ L.\ EONTO LO GY BY CUVIER. 

(4) 1'WJ DI COVERY OF TIIE "ECHELLE DE ETRE '' OR 
SC.\t,E OF Lll•'E A~ IO C RECENT FOR~! . BY BUFFON, L.\ . 
/IIAHCK . O.\Rll'JN ANO 'l'f!EII! S CCESSORS. TIII G.\VE 1 Ell' 
LI FE A D ~IEANINC 'J'O CO ~IPARATlVE ANO IIU)L\ .\N.\ TO~ IY. 

(5) TllE DI PROOF Oli' THE DOC'rRINE 01<' TJIE li'JXITY Oli' 
PECIES .\ NU THE ACCU)IUL.\TION OF PROOF Tll.\ 'f D ·nr (l 

1' 11 E COUHSE 0~' .\ GES THE IIIGITEll ANDIALS HA \'E BEEN 
DERl\'~JO FRO~! LOWER TYPES BY DESCENT WITH ~IODIFIC.\ -
1TION. BY CII.\HLE D.\Hll'J N (1 .j!)) .\ND IIJS Sl'CCE SOR . 

TIi l! 11IE lllS'l'ORY Oli' TII E STRUCT RE OF M.\ N BECO)I ES 
P.\R'l' 01<' TII E IIISTORY 01<' THE VERTEBRATES I:'\ GEOLOGIC 
TI/IIE. 
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PREFACE 

Th xhil it n th u t h i l f th ha ll an' d(•:-; iµ;11c•cl to µ;in· a11 i11-
tr lu ti n t human a nat 111)' t how hy s im pl(' c·xa111ph• h ow t It " 
m achin ry f h b dy \Y rk , nn cl . p in lly to trn ·< llw on g; i11 a nd 
ri f t h J rin ipa l y t f rgan . . 

Th f t h xhibi t i a f ll w. : 

How m an lik th r rga ni m. , d r riv . hi . l ife, - m·rgy from the• ·1111 

a nd h end i ( 'a I ) . 

nd-plan f a h f t i m a in rga n . . \' . (C' m .· of 111 n11 i 
pr h a primi t iv f rm a · ha rk ( 'n IL\) . 

Th v lut io n f t h m t r y t m fr m it. ·im1 I ' IJC'µ;inning :-; 111 
th fi h to t h upri 0 ·h -wa lkin °· m ot r y t m f m a n ( ·a. r.· JI B, 11 L, 
n an l V ) . 

Embry ol <ry , rd v lopm n f t h e l 

Th - hi t ory a nd ori gin of t h human fa 
( a e VI a nd VII ) . 

r h ir th ( ·a~ \"l ) . 

kull jirn· and t • •th 

hi f charact r of t h n er u y m , in luding t h J' <Ya ns f 
en a tion a nd r pon e ( a c VIIB and YIII) . 

The wall chart h w m an p la c am ng th rt 1 rat 

Thi H all , a lt h ou o-h not com ple t cl wa l n d t th Pu bli in 
Augu t 1932 in connecti n wit h t h Thir I I nt rnat i nal ' J1 <Y r . f 
Eugenic 

CASE.~ 

5 b T O 9 10 11 12 13 14 I~ 16 17 10 19 2 0 2. 1 zr l 2 4 Z 

FLO R PLAJ'\ F TH E H LL 

The num ber a re t ho e " ·hich may b f und mark d n th en. . 
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THE SUN 

Chief Source of Human Energy 

Man, like other anin1als, draws his supply of 
energy from the sun. 

The sun is the source of the energy stored up 
in plants. It is the leading factor in the forces 
which have made the earth fit for human habi­
tation. Without the sun man could never have 
appeared ; without it he could not sur i e a 
n1oment. 

Man, however, cannot absorb the sun's energy 
directly, as the plants do; he n1ust take it in his 
food, thus appropriating it fron1 other anin1als 
and from plants. 

-1 



HM 

The gr n c 
plants has th p r 
red, blu and i 1 t ra 
tran forn1 ra n1at rial 
growth. 

IT\ tt r hlorc I h)II J ot 
f bcrbi11 ·01n· of th · 

f th un u ·i11g thc111 to 
1nto f d f< r th · plant\, 

These raw n1at rial ar 
the plant take fr n1 th 
solved nitrates and th r 

n di . id 
h r 

\vhi h 

\\'hi h 
di ·-

\\' up 
from the soil. 

When the chl r ph 11 ith th aid f th 
sun's rays, breaks up th s ub tan th arbon 
is pulled out of the carbon di id and th hydr )­
gen out f the water. 

After a complex eries of ch n1i a l r a ti n 
the finished product app ar a sugar, tarch nd 
other carbohydrates, fats and pr t in which ar 
the food-stuffs of both plants and anin1al . 

Every animal is endowed with th p w r f 
locomotion so that he n1ay eith r pur u th 
prize or flee from those ho wou ld , re t it fr 111 
him. And when he has o ertaken it h de 
it, that it n1ay sustain his life. But that h 111a 
know what to eat and what not to eat h n t 
run and when to fight, Nature has be t wed up n 
him a keen eye and an understanding brain. 

Thus the energy of the sunlight stor d up 1n 
the substance of plants and anin1al , b c 111 a 
hidden treasure of great worth, t btain which 
all anin1al life labors and struggle unc a ing1>. 
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THE LIVING CHEMICAL ENGINE 

[Case I ] 

The human body i often compared to an automobil : the con ump­
tion of food recall the com bu tion of the fu 1; the contraction of the 
mu cl i like the action of a pi ton on a haft ; al o unl the products 
of combu tion are thorouo-hly eliminated the machine become choked 
with it mi;n wa te. uch a co1vpari on ho"·ever u eful i quit inade­
quate, for the body con idered as a living oro-ani m dominated by it 
own control sy tern , i infinit ly more complex t han a lifele machine. 

The body has al o been likened to a whirlpool , which i con tantly 
seizing upon new inert matt r from the outsid whirlino- it around and 
then ejecting it. The body i al o like t he flam of a candle, which live 
only as long as it foo l upply la t and it wick hold out . But it i 
rather to be considered as a con ciou flame that ek out uitable fuel 
and makes its own wick. 

By m ans of it cells t he body as a whole has the propertie of 
IRRITABILITY, MOTION, i\IETABOLI M1, GROWTH and REPROD CTI N 

common to living organi ms. 

The body i fir t of all a commonwealth of active living cells that 
dwell in the mid t of non-living sub tances which the) have ecret d; 
or they float in a watery fluid or lymph. 

A cell is normally a ma s of protoplasm containing a nucleu , or 
center of cell activit ies . Protopla m itself in it mo t typical form i a 
colloidal or jelly-like ubstance permeated with o-lobul . It contain 
much water, a little salt in solution and chiefly protein , or nitroo-enou 
compounds, in suspension and fat droplet in emul ion. The c 11 are 
separated by membranes or walls ; these membrane permit varying 
concentrations of certain chemical compounds in the cell· t hey are al o 
like filters in straining out insoluble sub tance · by o l\IO I t h mem­
branes also permit the passage of fluid of different degr e of acidity in 
opposite directions. The motive force of all th e movement , a well a 
the contractility of muscle cell , i to be found in the variou 1 ctric 
charges of the different kind of aggr gates of molecule e pecially of 
the very complex protein molecules. 

All the activitie of the body are d pendent upon the e an l imilar 
con litions. 

1 The proce of breaking down and building up organic ub tance . 



right ventricle (cut) _____ , 

right lung 

stomach 
(cut) 

gall 

trachea 

left pulmonary 
----- artery 
~---left auricle 

eft vent ride 
(valves) 

spleen 

aorta 
(abdominal) 

aescending 
colon 
bladder 
(cut) 

Fig. 1. The hidden part of th huma n eno-in 

Model bowing the interior of the che t and abd men, after th rem va l of th . tomach and 
other organ . 

Ba eel ch iefl y on the plate in palteholz' H and At la of Human Anatomy . i\1 d I br 
Christopher Marguo-lio. 
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All cell in the body have l een derived by ubdivi ion from the 
ingle zygote or combined male and female ex-cell; neverthele they 

have become differentiated by reofon into manifold ti ue , with 
diver e chemical and phy ical propertie . 

WHAT THE BODY IS MADE OF 

WATER 

CARBOHYDRATES 

PROTEINS 

FATS 

INORGANIC SALTS 

VITAMINS 

These chemicals make up the food we eat and are therefore what 
" ·e ourselves are made of. 

WATER heads the list, forming about 65 per cent of the body weio-ht. 
,v ater circulates in all our arterie , veins and lymph vessel , carrying 
other substances in solution and in combination; it di olve the food 
and i an indispensable element in dige tion; it wa hes out injuriou 
products through the kidneys; it forms a greater or le er part of all the 
bodily tissues. Water comes into the body in all food and drink; it 
escapes as vapor from the lungs and skin and goes out as liquid in the 
urine and feces. 

CARBOHYDRATES. The energy of the un's ray , when pa ed 
through the green coloring matter of plant , build up water and carbon 
dioxide (CO2) into glucose and other forms of sugar, and into tarche . 
These carbohydrates taken in as food mu t all be reduced, through the 
process of digestion, to glucose, a imple sugar, before beino- carried by 
the blood stream to the liver and the muscles. 1ost of the energy of the 
carbohydrates is used as fuel for the muscle engine . 

PROTEINS . Proteins are very complex compound of carbon, 
hydrogen, oxygen, and nitrogen· mo t of them al o contain ulphur and 
ome contain phosphorus. Albumen or white of egg , i a protein in a 

weak salt solution. 

Plants draw up nitrate from the oil and combine their nitrogen 
with carbon dioxide and water to form amino-acid , which are in turn 
bui lt up into different plant prot in . 

The animal , including man, are not able to form amino-acid from 
uch simple material ; herbivorou animal mu t obtain amino-acid 

in the form of "vegetable protein " ; carnivorou animal rely chi fly on 
" animal protein "; omnivorou animal , including man, can u e both. 

In the course of dige tion the e prot in taken in a~ food arr decom-



p d by a ri 
whi h ar th 

H M T u1· 

h.,·drol.n,('s 1
, into their n•. p<•t·li\'<' :1111ill() •!ll'id , 

rb d into th blood st l'C':tlll and earri1·d fir t t n t lw 
livrr · t h nth y a. r di . tribul('d from th ' liv('l' to tl\C' \:triou . ti!". lll', ()l 

the b cly wher th .y a r built up int th ·harnet c•ri . l H' prnt1 •il1 oft ll!' 
part i ulur ti uc . 

Th wid g grap hi li st ribulion of mankind is part 1~ d<'p<·11d1•11t 
UJ n man' ability t nt m any kind ' f food a nd to ut il11,1• t lH•111 all 
ith r for w rk r f r th f ncrg~·. 

FATS . Th f arlion, h.nlrngc·n and o,~ g1•11. 
By th a ti n f th pun r a i jui nncl t hr bi le the rats t:tl-c·n 111 a. 

f I Ii int 0·ly r I '31-I ,, (OII)3 and fall~· acids; lhC's<' nn· thc-11 
ab r b ct by th . in t tinal pith liU1n wh re' the,~· arc' rrc·omlii 1l<'d 111(0 

n ut ral fat . Th n in t acl f J a ing clir ti~· into tlw lilood :--l n •:1 111 . 

th y a r ta k n up by th lymp h vr l a. hy l(' and arc· pourc·d "1th 
th lymph int t h 11 d fr m th th ra i lyni ph duel. 

How v r , m t f t h fat tore I in t hC' b cly i. th 1'rodu ·t of t lw 
ynthe i f any xc of a rh hydra that may o ·ur. 

INORGANIC OR MINERAL SALTS . (N t our' of l1C'l'gy.) 

Calcium. ,, h n bon i burn cl , lim ( al ium xid ) i .' ldt in lhr 
a h alono- with other earthy alt ." al ium J h phal ( \1,3 (PO il2) 
form m t of th ha rd part f t h kel t n. I. to a lC'. xtrnt cal­
cium earl nat ( a 3) . '\Yeak olut i n of a l ium hloridC' ( 'aC' l2), 

li um chlori l (Na 11) and po ta ium hl ri d (K C'!) arr c:. 11tial for 
a lternat contraction an l rclaxati n or t nu , f thr hC'< rt mu. cir:. 
T hat is, th rhythmic I eating of t h h art d pend part \)· n thC' ant a«r­
oni tic action bet\ve n th alt . , u h antagoni t i r a tion. bctw 11 
salt are probably requisite for th maint nan of th pr p r cl o-r f 
permeabi lity in cell . For exam1 le , al ium ha a balan ing r m-
pen atino· fleet n m taboli m. 1\Iilk i p ia lly ri h in a l ium ; 
but man other food contain mall am unt f it. 

Sodium chloride , or ommon alt o ur in th bl cl pla. ma ancl 
other fluid of th bod_v. Potassium, n t h th r hand , ur rn . l 
abundantly in th oft oli I ti u , t h rpu Ir of the bl od, th 
protopla m of the mu cle , al o in rtain ccr ti n , .g., milk. :.I . l 
v o- table are ri ch in pota ium . 

A con picuou function f th a lt in th ti. , u i. th maint nan 
of th normal moti pr ur . Th pla ma, or lrar Auid ft h blood, 
con i t of about 90 p r c n t " ·at r 9 per 11 t pr t inl' and . p r n t 

1 FI yd roly i : fr m Greek hydros, \\·at r and lyscin, to loo;; . 
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alt odium chloride i xcr t cl through the ki lney . Pata h (pota -
ium) alt tend to cau e th lo of odium and chlorine. The craving 

for common alt ( odium chloricl ) when one i eatino- vegetable food 
e pecially potato , t nd to correct undue lo of chlorine and odium. 

Phosphorus nter into the nucleo-protein of the cell nuclei, " ·hich 
are very active in metaboli m and o-rowth. Pho phoru i an important 
element of the nerve cell and particularly of the keleton. :\Iany food 
contain pho phorou compound , e pecially milk and ego- yolk . 

Chlorine i found both in the chloride of the blood treaman lin the 
hydrochloric acid of th tomach. Thi aci l eem to be form cl through 
the decompo ino- action of a certain protein on odium chloride in th 
pre ence of carbon dioxide. 

Iron is pre ent in xc ively mall quantitie in red blood corpu cl 
where in combination with 'arbon, Hydrogen, Nitroo-en and Oxy nit 
form hrematin which in turn is unite l with a protein, "globin to form 
hremoglobin . Thi extremely complex ub tance contains sev ral thou­
sand of atom of carbon , hydrogen nitrogen and oxygen to every on 
of iron. H remoglobin carries oxygen from the lung to the ti u of 
the body. Iron i pre ent in certain food , e pecially in ego--yolk, barl y 
pinach and liver. 

Iodine. Thi element i very important in the ecretion of the 
thyroid gland. 

VITAMINS ("accessory food-stuff ") are organic food mat rial , 
not in themselves signifi cant ource of energy but essential, in ome 
way not yet definitely known, to normal metaboli m ; .o-., children 
whose food lack vitamin D develop rickets, while want of vitamin 
causes scurvy. 

DIGESTION AND ABSORPTION 

In chemi try a ub tance i said to be " dige ted" when it i expo cl 
to the action of hot liquid. Dige tion is al o define l a a proce of 
HYDROLY I , the breaking-up or cl composition of a complex ub tan e 
ome of who e part unite with the hydroo-en an l oxygen of wat r. 

Water i therefore an ab olute nece sit) for dige tion. 

The diagram (Fig. 2A, B) indicate how the cveral livi ion of the 
dige tive tract pour c rtain reag nt into th food-containino- olu tion. 

The compl x carbohydrate , fats and prot in of the f od are thu 
broken down into impl r ub tance , uch a o-Juco , fatty a id 
amino-acid , tc. Th oak through th mucou m mbran of th 
inte tine and arc reconv rt cl into uch forms of carbohydrat , fat and 
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prot in a can b a imi lat l by t h b ly ; aft r IH•ing al i:-,o rl H•d h., t "" 

wall of th ca1 illa ry bl 1-v . I f th ' digc•stiv <' tract , (l'\.c·1·pt tlit· 
fat which ar fir t ak n up by t hC' lymph vc s.·c•I:) the·.,· an• c·arric·d 
v ntually to t h h a r wh n t h ' · r pumpc d to all par t. of t lw 

body. 
BLOOD CORPUSCLES 

(Th 

Th n ro-y contain l in t h f ani cl to the billi ons of 
th body' c ll by h ir ulatino- m lium in luding the blood and 
lymph tr am . Th blo d t r a m a l arri th oxyg ' 11 from t lw 
luno- to all th ti ue f t h b dy. Th prin ipa l unit. f th C' irculu­
tion are: the r d blo d corpu cle , t h whit bl I rpu. le•: and t lw 
blood-platelet . All the e float in th wat ry pla ma f th bl od . 

The red blood corpuscles ( rythr ' te ) a r xtr m Iv minul 
there beino- about five million in on fift n-th u and th f a ul i in h 
( = 1 cubic millimeter); al o t hey ar o num r u that a man w i hing 
154 pound ha in hi blood about 30 000 000 000,000 of th m , whi h if 
pread out sid by side would cov r about 4,--10 quar yard . 

The red coloring matt r, or h moo-lobin c n i f an ir 
taining pigment combine l wit h a protein. H m o-Jol in ha th 
of carrying oxygen from the lung , of giving it up t t h ti u 
receivino- from them the wa te gas, or carbon dioxi l which i acrain 
carried to the lungs to be giv n off into the outer air. Th r I 11 od 
corpuscles originate in the red marrow of certa in liml bon . 

In man a in other mammal the red corp u cl at fir t hav a 
nucleus but later expel it. 

The white blood corpuscles (leucocyte ) ar am ba-lik II whi h 
can pass through the walls of the capillary bloo I ve I to fo rm th J u 
or matter of inflamed parts. There a re everal kind of 1 u yt . 
One kind , called microphages, derived from cell in th r d bon -marr ,Y 

engulfs and devours foreign bacteria in t he blood t r am and thu pr -
tects the body again t certain di ea e . Others called lympho yt 
are necessary in elaborating ome of the food-product o that th y an 
be taken up by the ti ue . These ori0·inate in t h lymph o-land . 

The blood-platelets are exceedingly minute. Th y hav t h im­
portant func tion of a sisting in t he clotting of the 1 1 d. 
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Ptya lin1 added from 

SALI VARY GLANDS 

J uice4 added 
from intestine 

Mostly absorbed 

by intesti ne 

Smal I quantity , 

astric juice5 added 
from stomach 

Fig. 2A. Digestion and ab orption of food . 

Ptyalin ( alivary dia tase) turn tarch in to oluble ugar (malto e) . 
" I lands of Langerhans" (in pancreas) give in ulin , a hormone \Yhich 

enables t is ue to take up ugar actively . 
Amylop. in (pancreatic dia ta e) plit tarche . 
In te t inal juice continues dige tion of carbohydrate and protein . 
Gastric juice= free hydrochloric acid +pep in (from tomach) converts 

protein to intermediate product . 
Trypsin (pancreatic juice) plit protein . 
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by intestine 

Smal I quantity 

absorbed by colon 

Small quantity 

orbed by stoma 

Fio- . 2B. Di n-e tion and ab orption of food (continu cl ) 

1 •• .. 

7 . Bile, or gall (from gall bladder in liYer) crr at ly accel rat . action of lip:1,<> 
in plittin rr fat . 

Lipa e (pancreatic juice) plit fat onverti ncr them to fn,tty u id :me! 
glycer l. 

Diagram ba ed on the illu t rati n and data publi heel in Der .llc11 .·ch b~· :\1 artin 
Vogel. 
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THE SOLAR ENERGY IS UTILIZED BY THE MUSCLES 

The chlorophyll of the plant a already hown utilize t he energy 
of t he sunlight to build up UO'ar and tarch out of water and carbon 
dioxide. The e carbohydrate taken in a food are turned into gluco e 
by the ligestive juice of the in te t ine. The blood stream carri the 
gluco to the liver, where it i converted into glycogen or animal tarch 
(which is t he anhydride of gluco e) . 

The liver then stores up the glycogen for future use. 

Indirectly , the combustion of glycogen furni he the heat and 
enerO'y necessary for t he life of the higher animal , but the direct energy 
of the muscles is due to the breaking down of a creatine-phosphoric acid 
compound. 

Creatine i an amino-acid which is present in muscle ti sue. 

Insulin, a hormone manufactured by t he Islands of Langerhan in 
the pancreas, is also e sential for the proper combu tion of carbo­
hydrates in the animal body. 

HEAT REGULATION 

The chemical processes involved in the capture and u e of olar 
energy by the body all generate heat. Overheating of the body which 
would finally cause heat-stroke, is normally prevented largely by the 
radiation of heat from the surface of the skin. Al o when the body O'ets 
too hot the "temperature sense-organs" in the skin send me saO'e up 
the afferent nerves to the "temperature center ' in the brain tern; thi 
in turn sends currents down the nerves to the mu cular heath of the 
capillary blood vessels, causinO' them to become dilated and the w at 
glands to pour out sweat. This, being a slightly alt solu tion, evaporate 
quickly and causes a rapid cooling of the heated blood in t he kin . On 
the other hand, excessive loss of heat i check d in mo t mammal by 
t he furry undercoat of the skin , and in man e pecially by the ecretion 
of the adrenal glands; this secretion unite with the free oxyO'en in t he 
blood, thus producing heat. Additional heat i generated al o by 
shivering, but chiefly by muscular exerci e. 

Thus w see that man, like other mammals, po e e variou 
mechanisms for maintaining a r latively high and tabl t mp rature 
(about 98.4 ° Fahrenheit in man) in pite of wid variat ion in the 
temperatur of the environment . Th low r vert brat (r I t i! , 
amphibian ), on the oth r hand, hav a mor variable 1 ody t mp ra­
t ure and ar more at the mercy of chanO'e in th environm nt. 
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THE MAIN PUMP OF THE BODY 

Th h art i t h m t r t hat dri v h ' blood t hrnt11.;li all tlw c·ir-
culatory y m an it ni t.- a. I .. ro u11 d . It i. · ,111 aulo111ati<· 
doubl pump p rat d l yin lun ta ry mus ks and Ii.,· 11< n ·ous n·fl,,,, ... 
Th minut whi h nt nt •(, a nd c xpa11d t hi .· cloul,11' 
pump ar bui lt in 

Th tw bag-lik pum1 whi I w rk in tn i:o n, arr placc·cl :-;iclc ll\· 
id with a in°·1 mu ular J ar it i n b (, w n th m (Fig. l ) . Tlw ldt , 

or Y TE rr HE RT, n l fr h ar t ria l bl l fr m tlw lung.' to t lie· 
body ; th rio-ht, r R E PIRAT RY H E RT r v nou. li lo cl from t lw 
body an l . nd i t I r r xy l in t hr lungs . Each half 
con i t. of an atrium (au in-w httmlwr n11 d of a 
v ntricle, or thi k-wall d pumpin°· harn b r 

Thu th f ur main · · · a r a fo ll ,,,.-: ( l ) the 
LEFT A RI LE r c iv fr hly oxyg na cl r a rt rial l lo d from thr 
lunO' throuO'h th rirrht and 1 f pair f pulm nar)' " in. · wlwn t hr 
h art expan l thi bloo l i drawn throu o-h a n -way valv fr m th 
left auri le to th 1 ft v ntricl ; (2) t h LEFT E TRI 'LE t h n 
drivinO' th blood throuO'h th a rta t o th apilla ri f t h h ad a nd 
body. H r the blood lo it uri lu oxyO' n and afte r ab. rbi ng the 
free carbon dioxid pa fr m th capillarie int t h " in ; t h 
drain into the upp r an l I w r , me ava: whi h p n in t (: ) t he 
bag-like RIGHT A RI CLE or atrium ; the latt r in turn r a th hi cl 
through another valve into (4) t h RI HT E TRI 'LE whi h pum p. it 
throuO'h the rio·ht and left pulmonary arteri t h lun O' . 

Nerve fibers are diffu ed thr u 0·h th 
beat contraction be0 'in in th "pace-mak r ' r ino-auri ular n cl 
and spread thence to oth r part of th h art . 

Whil t he rhythmical xpan ion and on ract i n f the h a rt i 
largely automatic , the beat i r tar l d by l ran h f t h vaO'u n n 
and accelerated b.) branche of th thoraco-lumbar n IT f th ·m-
pathetic sy tern. The brain center for r 0·ulat in0' t h h ar t l at ar 
in t he medulla . 
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THE LIVING BELLOWS 

Air i drawn into the che t cavity and forced out of it again by 
rhythmical moY men ts of th ril and diaphragm (Fig. 3). The 
calenu and interco tal mu cle pull th obliquely- et rib upward and 

outward, th abdominal mu cle pull them forward and dowmYard. 
A they mov upward they rotate lightly outward and thu increa e 
the volum of the che t cavitv · thi reduce the air pre ure in it 
interior an l o draw fre h air into the lungs. 

I 

The diaphrao-m i a mu cular and tendinou dome ·which, with the 
aid of the abdominal mu clcs, act both a a bellow for the che t 
cavity and as a pi ton for the abdominal cavity. ·when it de cend 
the abdomen expands; when it move upward the abdomen contract ; 
thus it a i t the circulation of the blood in the liv r an l dige tiv 
tract . 

In the living bello" forme l by the diaphragm, thorax and 
abdominal mu cle , the great multitude of mu cular eno-ine are built 
into the wall of the bellows. 

In the a c nding erie of vertebrate from fi h to man the breath­
ing mu cles of the rib have exp rienced a change of function, having 
arisen from the lateral mu cles of the body-walls, which were originall 
locomotor mu cles. The main mu cl of the diaphragm repre ent a 
backward extension of one of the ventral neck mu cl of the lower 
vertebrate ; the diaphragm a a whole is a secondary partition, com­
pleted in the mammals, which eparate the heart and luno-s from the 
abdominal cavity. 
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intercostal 
muscles : 

internal 
external 

quadratus 
lumborum 
muscle 

Fig. 3. The Jiving bell w . 
ketch model ho" ·ing the po ition of the mu cle that cau e th hd!n,, - -like 

action of the chest in breathino-. 
Ba ed on data fr m ir Arthur K eith ' "Eno-ine of th Human Body' '. 
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THE DUCTLESS OR ENDOCRINE GLANDS 

(See also exhibit on oppo ite side of hall. ) 

The ductle s or endocrine gland play an important part in 
metaboli m (the breaking down and building up of the cell materials 
of the body), al o in reproduction and in growth from infancy to old 
age. 

The ductless glands secrete substance called hormone because 
they act a "chemical mes engers:" which are carried by the blood and 
activate other t issue . 

PINEAL. This gland represent a stalk-like outgrowth from the 
roof of the t hird ventricle of the brain. In ome of the lower verte­
brates it is the stalk of the pineal eye, but in the mammal , including 
man, it has lost its eye and shriveled into a mere remnant . In young 
children with diseased pineal gland the ex glands develop at a very 
early age and there is a precocious abnormal growth of the long bone . 

PITUITARY. Thi gland fits in t he "sella turcica" or "Turki h 
saddle" in the middle of the base of the skull. It comprise three part 
the anterior, intermediate, and posterior lobes. The hormone of the 
anterior lobe, called TETHELIN, stimulates growth and t he healing of 
wounds. Extracts of the middle and posterior lobe , containing PITUI­

TRIN, produce a rise in blood pressure, increased activity of the kidneys 
and milk glands, and also stimulate contraction of the muscles of t he 
uterus. On the other hand, pituitrin inhibits the secretion of the 
salivary glands, stomach and pancreas. 

Defici ency in the secretion of the anterior lobe of the pituitary 
causes a child to become a diminut ive dwarf. Early overactivity of 
the same gland makes him a "symmetrical" giant . If the activity 
begins after puberty, well rounded development i no lono-er po ible, 
but the resulting overgrowth (acromegaly) take place only in uch 
parts of the body as are still susceptible to the influence of the hormone. 
The pituitary body is found in all the vertebrates. 

The pituitary gland is of complex origin. In the human embryo 
the anterior lobe originates from a pouch-like proj ection of the outer 
layer of the embryonic mouth or tomodeum. The po terior lobe 
originates from the base of the mid-brain. 

THYROID. Chemical analysi of the thyroid gland reveal the 
presence of compounds of carbon, hydrogen, oxygen, nitrogen, sulphur, 
phosphorus, odium, calcium, iodine and other element . 

Thyroxin, the mo t wid ly known derivative of the thyroid glan l 
is a crystalline body with a relatively high iodine content. ExtremeLv 
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mall quantiti of t hy r xin timulat m taholi • proc·c•s. (' , "ltil1· a 
cl fi i ncy f thyr xin i nc of th a u ·c of ·r<'I in ism , 111.,·\oc·dl' 11 1a and 
oth r abnormal c n li t i n . 

'H ypcr t hyr i l p r. on hav a n 'X .. of th.vroicl s<' •rp(1011 and 
ar xtr m ly nerO'ct i . In ' hypot hyroi d ' pc•r:011s tlw oppo. 1tt· 
sympt m aJ p a r. 

PARATHYROIDS . Th m a ll glands, alth up;h closC' ly as:o ·ial<'d 
with th thyr i I, hav a differ nt fun ti n. T lwy nn' indi.-pc•nsah lt· 
for t h a imi lation f al ium. In rab bits from whi h the· parath _,·-
roid hav b n rem v I t h b n b m ft, and lirit tic· and tlw 
te th break a ily h y lack cal ium. ' mplc-tc' rc·moval of 
huma n parath 1 r id a t tan ' we I liy death. 

THYMUS . Thi f chi! ' i highly nc' · Rsa ry for 
the buildin°· f bon cially t h 1 ng b n . of th limb. . Tlw 
thymu hrink \Yh n th x-0 ·la ncl d v 101 and he om . v ry ma ll 
or ve ti 0 fal in normal adult . 

The thyroid , parathyroid and t hymu ar d riv l fr m different 
pocket of t he embryoni c o-ill t ru t ur . 

SUPRARENALS . The c gland ar hat-lik n t l f 
each kidney . The pono- -lik m dulla, r c r th uprar nal 
forms a lrenalin or epin phrin . On part f acl r nalin inf ur hunclrccl 
million part of water check th action of t he inte tinal mu 1 , 
m a ke the heart beat fa ter , cau the liv r t d i harg i t crly g n 
and prevent fatigue. The uprarenal hav thu b n all I th 
" fighting gla nds ." Adrenalin al o inhibit th action f in u lin fr m 
th pancrea . The cortex, or rind , of t he u1 rar nal 
delicat~ blood ves el , fat droplet , 1 1 ocl pac a nd ontainin 
dark fatty pio-ment . 

In Ad lison ' disease the cortex of t h upra rena l aff t d o 
that an exce s of dark brown pigment i clepo it I in th kin an I th 
mucous membra ne . 

ISLANDS OF LANGERHANS . Th very minut in th 
pancrea s crete in ulin , a hormone in Ii p n abl for t h ' mbu t i n ' 
of glucose in the production of mu cular nergy. 

SEX- GLANDS . The p rimary x-gla n l ( varie in f mal t t 
in m al~ ) begin to appear at an arly taO' of mbryoni 1 vel pm nt 
and to 'pro luce " hormone " which determin th ub qu nt I v 1 p­
m ent of eit her t h female ( o-o--pro lucing) or th mal ( p rm-1 r -
ducing) ex. In t h m ale th er t ion of t he inter tit ia l gland f 
th testes produce certain m al haracter . In t h fc rnal th 
tions of the yellow-bodie (corpora lu t a) f th vari aff t vnri u 
change in the uteru clurin O' m n t ruati n an l Ir gnan y. 
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MAN AMONG THE VERTEBRATES 

UCENT 
,u1SfOCfNf 
,uoCENE 

MIOCENE 
OLIGOCENE 

EOCENE 

UPPER 
CRETACEOUS 

LOWER 
CRETACEOUS 

JURASSIC 

TRIASSIC 

PERMIAN 

UPPER 
CARBONIFEROUS 

LOWER 
CARBONIFEROUS 

DEVONIAN 

SILURIAN 

ORDOVICIAN 

CAMBRIAN 

13 ANov14L 
IO s 

The fio-ure on the 
upper curved line rep­

re ent an a cending 
erie of vertebrate from 

the lowe t fi he to man. 
While the e animal of the 

pre ent are not the ance tor of 
man, they are the de cendants of 

ance tral animals of the pa t that lived 
in earlier period of the earth ' hi tory. 
During each ucce ive age progre ive pe­

cie of the " main line of a cent" advance to the 
next higher grade of organization, but ome of it 

more con ervative ide branche , changing more lo,,·Iy, 
pre erve the principal character of earlier time . 

William K. GREGORY . 1931. 

Fig. 4. Man among the vertebrate (Wall hart 2). 

1. Lamprey. 2. hark. 3. turgeon . 4. Polyvleru . 5. Newt. 6. ph nodon. 7. Platypu . 
8. po urn . 9. Ground brew. 10. Tree hrew. 11. Tar i us. 12. M nkey. 13. Anthr poid . 
14. Man. 

20 
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O RGAN SYSTEMS OF S HARK AND MAN 

[Ca se IIAJ 

1an li k h r animal , apturrs and utili :w.- t 11<' lift•-~1, 111g 
n rrry f t h unl icrh ( ntain d in cl ) b_,. me a n: of a t·on1pl1·\ 

anatomi a l qui1 rn n whi h in lud h f ll o\\'ing s)·. tc•1n. : 

(1) T h Ji m ntary y tcm 

(2) 

C~I uth jaw t th 
rrland liv r , pan 

T h Bloo I- tr an . m 

li grstin' tra ·t sali\'al') 
.) 

(Red corpu cl it c 1'J u 1 cl f latr l ts mnnu­
,, and J., \\'h re') fact ur d pl n 

(3) The irculatory 
(Heart , a rteri , capillari v in lymJ ha i ) 

(4) The R e piratory y t m 
(Lung , windpipe , br nchial tube br athin o- mu I ) 

(5) The Motor Sy tern 
(Locomotor mu cle , bon , joint lio-a m nt ~, c. ) 

(6) The Excretory y tern 
(K idneys, bladder, kin) 

(7) The H eat-producing and regulating y tern 
(Temperature receptor in kin, w at rrland , t .) 

(8) The E ndocrine or D uctles Gland y t m 
(Thymus, t hyroid , parathyroid , pituitar adr n al , 

etc. ) 

(9) The Receptor y tern 
( ense organ afferent n r ve and nerv c nt r ) 

(10) The Autonomi c ervou y t m 
( ympath t ic and para ympath tic n rvc pl xu and 

t heir conn ction ) 

(11) The ent ral 
( pinal cord, bra in, tc. 

and coord inatinrr all 

(12) The Reproductive y t m 
(Ovari , t t and a 

m t r y. t m 

iat d I art ) 
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DI GESTIVE S YSTEM. In both shark and man the digestion and 
ab orption of food take place in a long "inding tube the alimentary 
canal or gut ; t hi i ubdivided into re ophagu , tomach and inte tine, 
and bear a appendage a liver and a pancrea . In both ca e the 
stomach ecrete an enzyme and a mall quantity of hydrochloric 
acid. The other main divisions likewise ecrete everal enzymes or 
fe rments, ,vhich spli t up the food into glucose, glycerol, fatty acid , 
amino-acid , etc., and thu prepare it for ab orption by the capillary 
blood-ve sels in the wall of the gut. 

Although the shark 's gut is thus an epitome of that of man, it 
also has certain peculiarities. Its stomach is subdivided into a wollen 
cardiac portion, eparated by a valve from the tubular pyloric ection ; 
the intestine is filled with a great spiral fold , which greatly increases 
the absorptive area. 

CIRCULATORY AND O X Y GENATING SYSTEMS . The circulatory 
and oxygenating systems in both shark and man have the same func­
tions, namely : 

(1) to deliver to all parts of the body the energy-bearing food 
products from the digestive system ; 

(2) likewise to distribute everywhere the oxygen-bearing red blood 
corpuscles; 

(3) to deliver the waste products to the excretory system. 

In both shark and man the main muscular pump, or heart, drives 
the blood to the capillary vessels of the body, whence the veins return 
it to the heart, whence the heart sends it respectively to the gill or to 
the lungs. In the shark, however , the heart is a relatively imple 
pump, consisting of auricle, ventricle and conus arterio u arranged in 
a fore-and-aft series; these drive the blood forward to the gills. In 
man, as in other mammals, a median partition divides the heart into 
a double or four-chambered pump, the right ide sending venou blood 
to the lungs, the left , pure blood through the aorta to the body ( ee 
Case I ) . Intermediate conditions are found in lung-fi h, amphibians, 
reptiles and in the embryonic stages of man. 

In a human embryo 4 millimeters long the hark-like O'J'Ound-plan 
of the human circulatory system i mor evident than in the adult. In 
the hark the aortic arches give off ve sel to the gill ; in th human 
embryo gills a re absent but the gill-pouchc , which ar till repre entcd 
( cc a e 1 ) , are likewi e upplied by aortic arche . Th heart of the 
human embryo i al o implcr , more hark-like, t han in th adult. 
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COMPARATIVE A NATOMY OF THE HEART . TIH• f11111 1'!1a111l11•1c d 
h art f man i n (,ru L I nth : am plnn as that of ot IIC't 111:1111111:il , 
but in m f ih l '" r ,·rrt liral s, :p<•cially th<· a111pliil1ia11 , 1 Ji,. 
right and lrft ha lv<' ar m r(' r less in cornplc-t<·l.,· di,·1dc ·cl frn111 c•,1C·l1 

thrr o that t h v n u a nd a rt c'rial blood an· 111i111.d<·cl 111 tl11· . i1111.l1 • 
v ntri l . In th hark, r Ir nting priniiti,·<• fi s lH ·~. tlwrc · i 1u1 
m cli an partiti n f th auri I a n I,, ntri ,J ,; in ol lH'r \\ore! ., thc• IH'art 

ingl n t d u bl . 

Th tran iti n fr m th ingl t tll(' cloulile-C'hamlic•r<'d hc·art i 
n in th cl v l pmenta l tag . f t h h nrl of man and ot hN 

m ammal . 

URINOGENITAL S Y STEM . In Amphi .'l:l/8, thr most primitin• 
kn wn pr -v rt brat , t h wa t 1 r lu t. f th bl od arr c·xc-rc·t <·cl 
throuo-h ab ut nin ty p a ir f mall n J hriclia r l> nt tubrs . ituatc•d 
abov t he pharynx. The o- na e! (p r lu ing gg r . p rm r •, ·p ct i ,·c• ly ) 
a r about twenty- ix pair f J u h e a n an°·rcl m tam •ri a ll ~· (i n 
crie) alonrr t h body \\ a ll. Thu th ex r l ry and r pr du (i\'C' 
y t m ar parat in thi v ry primitiv typ . 

In th hark and hio·h r v r t brat h w " r th rx r tory 
tubule ar unit d into a pair of r o-an , t h kidn y and th rgan. 
of xcretion and of r production form a c mpl x urino-gcnitnl , )" , tern. 

Each ki ln y con i t of an irnm n r numb r of ilr I tubul , 
forming a " livino- high-pre ur fil t r " t hat eparat th 1 i. r bl cl 
p lasma from the ni trorrenou wa te , in lu dino· ur a t hat I " b n 
received from the liv r etc., by way of th 11 d- tream. Th kicln y 
a l o h elp to m ainta in t he prop r v lum and c mpo iti n of th bl cl 
partly by eliminating exc water , and rid t h I o ly f uncl . ira l I 
a lt and foreign u b t a nce in th blood . 

In the female of th lower v r tebrat th va r gg. aft r 
caping from the ovaries are u ua lly carried out I y parat ricrht an I 

left oviduct . In the primate including m a n, th Io,,· r part f th 
ducts are united into a m edian thick-wall l p uch th u t ru or 
womb, in which t h fer t ilized eo-g cl vel p int an cmbry (Fig. 2 ) . 

In the males of many of the high r mammal , inclu ling m an , th 
te t es, containing the p rmatoz a or male I rn nt l n l cl iring 
individual development (i. e., before or aft r 1 irth fr m th ah l mine l 
cavity into a 12ou ch , or er tum. H n c th lu tu defer n thr ugh 
which the p rmatozoa p a u t, a ccncl fr m t h e t ~t i , l ping ver 
the ureter or t u be from the l ladcl r and pening int tl urC't hra . 
Thu in th hi o-her mammal in clu lino- m a n , th male g nitnl pr du t 
and t he urine pa ou throuo-h a in d e tub th ur thrn. 
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The locomotor apparatus of a typical fish (striped bass). 
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The myomeres or muscle segments are arranged in zigzags closely fitting one behind the other. These are the main locomotor organs of th 
fish, the fins being of secondary importance. 

Drawn from dissections by M. Roigneau . 
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ELEMENTS OF THE LOCOM OTOR SYSTEM 

[Case IIB] 

T xpla in h w a man m . w be gin with n fi sh . .\ Ii, 11 11 1ov1• 
th wat r by t urning hi . hrad fir: ( to otH' : id <•. th e· 11 to tlil' 

r, an l by n li ng n " ·a of n !,ra t ion aft t' r the• ol l ll' r a lo ng; Iii. 
ap rino- body. t he mu ula r wav ' fiow l>n ·k" a rel th e•., J H I. Ii 

ao-ain h water an I !riv th fi h f nnncl . 

Th b dy mu cl thrr v rt (' brntr: an' arra11 gc• cl i11 
o-m n t , n b hind t h th r (Fig. ~) . Imm diatrl)' aftc•r tlw :--<'g-

m ent on on id c n trn t th n n a rry th lll('::--agC' up to th <· 
p ina l n rv c rd and t h n d wn\\ ard t the next . rgnwnt on tlw 

am e ide; anot h r t of n r ve a rri th m . ag lo th tlwr :-; id , 
and tart a wav 0 ·oino· n t h at id ; an I o n. 

The human ml ry pa t hrouo-h a in whi h th, : mi( C':-; 
or s gment are arrano- d in a f re-an 1-af 
segmen ts of a fi sh. 

lik Lb lo 

Alt hou o-h t he mu cl fi b ril a r o minut tha th hu ly 
contains many billion of t h m t h y ar omp l f m o! and 
a.toms which a re incomparably mall r t ill. "\ h n a mu l 
it does o because it nerve fi b re have di charo- d int 
some ort which uddenly up t t he q uili brium 
atom and molecule . A ch mical reaction tak pla th 
brink, causing contraction of t he mu cl , an I lactic aci l i in 

t he tis ues . Som e of the oxygen carried by t h r d blo d 
i t hen used in restorino· the mu cl molecul an I in oxi li zino- the 
wa t e products. 

THE BACKBONE . The backbone a ro a a fl xibl la ti r l (th 
notochord), which enabl d t he fi h to thru t it un lulat ino- I ly f r -

ward through t he water. A t ime w nt on th n honl am 
t r ngthened by bony ring or centra, ,Yhich b ino- parat d y 

ela t ic d iscs, enabled t he back bone to b ncl . Bony arch w r a I l cl 
to protect t he pinal n erve cord. 

In m a n the backbone, held at right a ngl . t it rio-inal 1 iti n, 
upports t he skull , ribs and internal orrran . 

"\ ertebr re, or uni t of t he backbone a re t h ntial an 1 ricrin· 1 
core of t h e skeleton of v r t brat or an ima l tha l with 
a backbon or ver tebral column. 
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MAN'S HERITAGE 
FROM QUADRUPEDAL ANCESTORS 

l 

I I 

]Jf .I 

Fig. 6. Man ' heritage from quadrupedal ance tor· . 

Below. Air-brea thin rr fi h (Ceralodu. ·) with paired paddle . After Dean . 
Center . F o , il amphibian (E ryops) from the Permian f T exa . 
Ab ve. Human infant running on a ll four . ft er Hrdlicka. 

Note t he compari on between t he paired paddle of the fi h, the fo re and hind 
limb of t he quadruped and the a rm and !en- of man. 
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I. 

H M T MY 

T HE SKELETON FROM F ISH TO MAN 

[Case III ] 

T h kl t n f man , likr that of nil o! lwr v<' rl <' li ra t t· a 111 111:d i 

th J ar t f th lo om to r m a hin c ry , wh il<· iii <· n 1u. <'I ·s :111cl 

t h a ti p art . ' mparn tin • : tudy of t lw sk1 ·l<•lo 11 of :di nerv ar 
known typ 
decipher t h 

f f ii and m cl rn a nimal. ha. nrnd<· it pos. tlil<· tu 
f J r gr from fi . h to ma n. T lw scTi<':-- of forlll . 

her hown ~1 n t f rm a n 1 HE ·er line' of cl sc·Pnl from fi. Ii 
to man bu t a h ta t h n a r . t t t hr cl i r et Ii n ' so fa r 
di cover l. 

Th arli t v r t rat li, cl rxclu. iY ly in t h watC'I' and s" am 
by uncl ulat in o- t h b dy. The fin wcr pr j t i ns of th ,' kin and 
bod wall t hat erv cl hi Ay a rudcl r an I halan rr. (, ' tagP .\ . 
Gradually , in t he wamp-livin o-, air-br athing fi h . the p t ral a nd 
pelvic fin w r t ran form d fir t int pad II ( tag ) and tlwn int o 
limb ( tao- ) a t h animal crawl I ut f t h wamp. . .\ ft <' r 
many ao·e t he animal invaded t h upland ( ta()' D ), l arning to 
crawl lik t urt le and lizard . 

ext, t h y I arn d t rai e th b lly ff t h o-r 
( tage E ) . Then t hey climbed up in t th t r c 
expert in runnino· and 1 aping about among t h 
F , G, H). 

und and run about 
and b am " ry 
bran h (, 'tao-

At fir t t he e t ree-living animal ran ab ut m tly n t I f th · 
branche ( tage G) . T hen some of t h ir clP cendant ad pt eel th 
"su pen ion gra p," a t hey began t o win o- from 1 ran h t bran h . 
The gibbon, Stage H , i rather ov r p cializ cl in t hi dir ti n . 

Avoi ling extreme over peciali zati n f r ' bra hi ati n" (~ wingi no­
wi t h arm ) t he ance tor of man ca me down fr m t h t rc . , ru nni ng 
per hap occasion all.) on all four but m r and m r ft n r t , a. Io 
t he gibbon when on t he o-round . 

From hi prehuman anthropoid an tor , ,Yhi h wcr relat d t 
t he chimpan zee (I , upp r) and t he o-ori ll a (I , low r) m an ha inheri t d 
his ab ili ty to hold t h body r ct or ba lanc cl on t h hin l leg (, ' tag 
J) . T he fore-limb , beinrr relie, l from t h ir f rm r fu n t i n a · 
locomotor organ , " re et fre t o erv t he nlar rrino- brain in cl f nd­
ing t he body and providin()' for it nee l . 

THE UPRIGHT POSTU RE AND ITS MAINTENANCE 

[Case IVA] 

From fi h to man t h r i t ill a hain of living f rm , in ~1 it f 
all t h l va tation and " ·h l al ext in t i n f th pr nt and p.l~t 
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age A the keleton of man te t ifie t o hi derivation from lower 
fo rm of vertebrates (Fi . ) o al o doe hi mu cular y tern ; and 
t hrough t hi orderly an l intelligible erie of tage w can follow the 
main change of po ture a our ance t or learned fir t to wim, then 
t o crawl, to run , to climb and finally to walk erect. 

In the wimming tage ( ee Fig. A, B) t he egm ntal mu cle of 
t he backbone and rib were dominant, the fin-mu cle being ubor­
dinate extension of the body . Then the paddle grew outward ( ) 
and were eventually moulded into t he new and highly organized limb 
of land-living vertebrates (D-J ) . 

These limbs are compound levers with the mu cle arranged on 
oppo ite ides of t he pivot and acting in pair a antao-oni t to pro­
duce extension or flexion, abduction or adduction , twi ting an<l un­
twisting etc. In walking and running each liml alternately pull and 
pushes on the ground. vVhen in early tage the limb prawled 
widely at the sides, the limb mu cles were very t hick. In the course 
of ages, as the feet were gradually brouo-ht in toward t h midlin and 
the body was rai ed off t he ground, the limb grew longer and mor 
graceful. 

THE SUPERFICIAL MUSCULATURE OF THE CHIMPANZEE. ' ' hen 
running on the ground the chimpanzee usually goe on all four , 
supporting the fore part of the body on the fingers, sharply bent at the 
middle joints. The mu cular anatomy however is well adapt d al o 
for a semi-erect posture, as well a for itting upright and for brachi­
ating, or swinging with the arm (Fig. 9) . 

Among the more con picuou difference from man are : t he very 
short neck, the long arms and short leg , the long fino-er , t h hort 
thumb and the inwardly-directed great t oe. The loin (lumbar 
region) are extremely short and broad, the hip bone (ilia) long. The 
hind limb is habitually flexed at the hip and knee. 

There are corre ponding differences in the proportion of t he 
muscles : for example, the limb muscle of t he chimpanzee ar more 
fleshy, with shorter tendons, than in man. A peroneu tertiu mu cle 

usually lackino-. 

These and many other such differences between chimpanze an I 
man relate to the wide contra t in their PRE ENT m thod of loco­
motion ; but in pi te of t hese adaptive differ nc t her i a remarkabl 
unity in the plan and arrangement of the mu cl in the e two form . 

MAN. Man i a fully erect bipedal mammal who entir weio-ht 
carri d by hi long hind limb (Fio- . J, 9) . on equ ntly hi 
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H M TUY 

F ig. 9 . Mu cula r a nat my of chimpa nz e a nd man, sho"·in(T prin ipul muse! " 
u ed in ma in tain in(T up rio-h t p o tur . 

T he model of th ch impa nzee, by . D . hri t n n, wa ba. don di:-1s tions l y 
H . . Raven . 

uperficia l 0-lu treal m u cle are r lat iv ly n rm u a c mr ar d wi t h 
t ho e of t h chimpanz e, inc t h y a i t alt rnat ly in holding t h 
body aloft on one ide, while th oppo it l 0 • wing ff th gr un l. 

For imilar rea on hi rector pin · mu ele ar mu h wid n cl , 
e pecia lly at t he low r nd, h i o-a t r en miu mu I i v r~' t h i k and 
hort wit h a lon o- tendon and th bi ep f m ri mu, le xt nd, nl~· 

a little way b low t he knee. 

Hi lon o- loin (lumbar r ofon) form a fl xii 1 1 , , r n ·whi h th 
whol w irrht of t he upper part of th b dy i p i e l. In r I r t giYe 
better balance t h back i curved in at t h lum bar r gi n an 1 t h hi 1 
bone ar widen · ct <>Teatl.r. 

Another con equ nee of th u1 ri o-h t I t 1r i that t h f r limli.:­
-0f man ar compl tely u I n l cl fr m the kull , th ba kb n , nd 
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the rib , incc they no longer erve a limb but a lev r for movino­
things. 

In spite of the e and many other pecial adaptation to the upri o-ht 
po t ure, man has inherited from hi remote pre-human ancestor a 
great many characters which have al o been retained in the existing 
anthropoid apes. For example, his shoulders are held far away from 
t he neck by means of the long curved clavicle, his arm can be wung 
around in a complete circle, his hand can be freely turned up, or 
supinated; his thumb, howev<;r, ha progre eel beyond the graping 
tage that is now represented in the ape's thumb. 

THE PECTORAL AND PELVIC GIRDLES 

[Case IVB] 

A well-known dictionary defines the term girdle in the anatomical 
sense as " The ring-like arrangement of bones by which the limbs of a 
vertebrate animal are attached to the trunk.n The pectoral and pelvic 
girdles might better be defined as originally U-shaped or V-shaped 
bony supports by which the trunk is suspended between the limbs 
(Fig. 12). 

In the oldest and most primitive known fossil fishes the body moved 
forward through the water by waving from side to side by means of the 
contraction of successive muscle segments (Fig. 10). At that t ime the 
fins were merely keel-like proj ections from the body, which were 
stiffened internally by rod-like skeletal supports, and externally by 
spines formed in the skin . All the fins functioned as keels and rudders 
rather than as paddles . Between the pectoral and the pelvic fins in 
certain primitive fishes there were several other pairs of fin s. Evi­
dently the paired fins were similar both in origin and in construction 
to the median or unpaired fins. 

The fins in ancient and modern sharks were supported by skeletal 
rods which were laid down in the membranes between adjacent muscle 
segments. 

The anal, pelvic and pectoral fins of early fo sil sharks (Fig. 10) 
exhibit progressive stages in the squeezing together of the ba al rods 
into a U-shaped girdle . 

The subsequent history of the shoulder girdle from fish to man is 
summarized in Figs. 11-13. In typical fi sh the pectoral girdle con i ted 
of: (1) an outer or dermal series of bony plate (including the cl ithra, 
clavicles, etc.) and (2) an inner or primary houl lcr girdle , includino­
the scapula and coracoid. 



r 

Fig. 10. Earliest known stages in the origin of the fin s and girdl es. 

A. Ventral fins of Devonia n shark (Clacloselache), showing separat e rod-lik 
supports of " fin-fold " fin . 

B . P ectoral fin of Cladosela che, showing pecto ral girdle a nd basal pieces pr .. -
suma bly derived fro m fus ion of sepa ra te rods . 

P ectoral fin of P ermia n P/e11raca 11llrns, showing full y deYeloped paddl .. -
like fin wi t h join ted ax is. 

P ectoral fi n of (' /adoselache, pa rtly covered by preserYed myomeres. 

E . R es torat ion of genera li zed a canthodian by D ean. 
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Fig. l 1. 

B 

__...---~-~ . 

The ,-houlder g:irdle, or itdna lly a t I ached to I he skull by :i hony 
link. become, free from it in land :111i111ab. 

A. Hecon,-;I rncted ,keleton of E 11~/l,ompt,,r,111 f,,,m/i, ba,c-<I 011 the dain of 
Brya nt. Jiu,,a kof. ( ;oodrich. 

H. E n[11Jfl1111.,. Hecon,truction --li1d1tly modified from \ V:11.,011 

E mop.s 111cqfln phfll11s. Ha,-<'d rliiclly 1111 t hl· 11101111tf'd .,:keleton iu 
.\ mencan ~Iu--eum of ~ :1tural Ili,,tory. l>,·wil~ of JK'Ctornl l!irdl 
and ltmh after ~l rner. 
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Fig. 12. Skeleton of Moschop capen i Broom. 

In thi fo sil mammal-like reptile the houlder girdle reta ined the cleithra (re­
duced), clavicle and interclavicle , representing the outer layer of the fi h girdle, 
and the coracoids and capulae ( houlder blade ) of the inner layer of the fi h girdle. 

Fig. 13. In higher mammal the shoulder girdle con i t on each ide only f a 
houlder blade ( capula) and a collar bone (clavicle), the remainino- part 

having been lo t. 

A. Typical early reptilian type, after the lo .. of the cleithrum. 

B. orilla. C. Man. 
The boulder girdle of man i very like that of the orilla. 
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C 
L111111osce11s 

Fi g. 1-L e ri ,, of p Ive. an 1 p h ·ic limb. , from lob -finn r d fi h to pri111iti\ 11 1:1 11 1111 :il. 

Th p · ~· , ·1ros a , a pair of bony rods on 1t hrr ,1 d of the• d ouc-a, 
or ex it of • eprocl u tiv tub s. It s upport d t h pr h 1c· fin .\ ltc•r 
th lo l e-fi a 1 it on land th ilia bl ,id s of th ph i-- ~r 1\ u1 man l, 
b c ming th ra l rib. an I thw to th \" rt h ral ('o lumn. 

A . Lob -finn d ganoid (E11 .slhc11 oplcro 11 ) of th l \'Oni :1 11 pr n nd ; B !Jt11lo-
1,erl bron, a rl y t trapocl ; ' . Caplorh i1111.~ primiti\' r pt il ; D . ( '1111 oy11n/l,11.· , ad-
vane d ma mma l-lik r ptil ; K po um primitiv ma mmal. 

--./'~­,_, / -
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F ig. 15. 

A. 
B. 
C. 

S i 

,S2. 

8 

Progr ive widenin of the p l\'is a nd sacrum in prima t 

Lemur, with !on narrow ilia a I. pt d for 1 a ping. 
,ibbon. Incipien t wid ning f th iliac I lad . 
orilla. D. l\lan . 
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HANDS AND FEET 

[Case VA] 

HANDS OF PRIMATES. The hand an l feet of mo t mammal are 
provided with digit that are tipped with ither claw or hoof · but in 
th primate the dirrit u ually bear nail . The e nail appear to 1 e 
relic of an ancient arboreal habitu which, a the fo il how had 
already been a urned by the arJy primate of the Eocen epoch. The 
mo t primitiv exi tin<T primate are the l mur of Iadarra car, which 
have a tronrrly gra ping type of hand with the fourth di<Tit the longe t 
an l parth, oppo able to the thumb. In the mo t pccialized of th 
lemur , the potto of Africa, these character are greatly empha ized, 
while th econd fin<Ter ha become ve tigial. (Fig. 16. ) 

Th hand of Tar ius retains the primitive five digit but the end 
of the finger bear large flattened di c like those of tr e-frogs. 

The ew Vv orld monkeys, or platyrrhines, exhibit considerable 
kill in handling object and their hands are more mobile and le 

clamp-like than tho e of lemur . 1\10 t of these animal have fiv -
fingered hands, but in the spider monkeys, which u e the hand a 
hook to wing with, the thumb is lost. 

In most of the outh American monkeys the nails are strongly 
folded; in the marmo et thi tendency gives rise to fal e claws. 

In the Old vVorld monkeys, or catarrhines, the hand are inter­
mediate between paw and true hand . In the p cie of Colobu. 
monkey the thumb i variously reduced, ometime almost to the van­
ishinrr-point, doubtle in connection with the use of the hand a 
hook. 

In mo t of the anthropoid ape the hands have b come elongate 
and sp cializ d, ·with a more or le feeble thumb. The tendencie 
terminate in the orang-utan. In the <TOrilla the hand are very broad 
and ma ive, in keeping with the burly proportion of the body a a 
whol . In man the hand far surpa thos of other I rimates as an 
orrran for picking up food and other thing . The thumb i larg r than 
in th anthropoid and i more ca ily oppo able to the other digit . 

However, th human hand inh rit a generally anthropoid typ of 
mu culatur and th thumb prings from the root of the hand a in th 
anthropoid , not from n ar the end of the metacarpal a in Old ·world 
monk y. 
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SPIDER MONKEY 
(Atd,r.,,1 l•r) 

H JVJ 

LEMUR 
(l#mur wn•1~usj 

T IY 

SIAMANG 
~ jin,yn<Hl<tylu,) GIBBON 

/HyJolu'• ''"'"""'' 

BABOON 
(P,p,ohom•d7",J 

GUEREZA 
(Colob-u , hr ""c · 

GREEN MONKEY 
(la -;10prJ• c• ll,tfl~ ~ 

CYNOMORP\-\.6:-

Fig. 16. H and of Primate- . Man inheri t a five-rayed plan of the hand and 
feet, which has been pecially modified o that the f r feet rdinarily hav t d nly 
with the handling of object . 



38 AMERICA M USE U M GUI DE LEAFLET 

f 

oPCill,f - (~!U!:'4..:.t, 1' 

PLATY " 

Fig. 17. Feet of Primate . Ca t ho wing the ole of the foot . In the lo,Yer 
primate t he big toe branche off a t a harp angle from t he rest of the foot but in man 
it ha been dra,Yn forward o a to be nearly parallel wi th the other toe . 

FEET OF PRIMATES . The five-toed feet of the lemur have a 
large harply-offset great toe tipped with a broad fl at nail (FiO'. 17) . 
The clawed econd di O'it is u ed for scratching the fur. The long fourth 
digit cooperate wi th the great toe in firm ly clamping the branche . 
In t he foot of the potto the e gra ping character ar further empha-
ized . In Tarsiu t he foot i preading, wit h delicate di O'it fl at t ned 

di cs and mor or le s clawlik nail . 

In the ew World monkeys the foot i more mobile, le clamp­
like t han in th lemur , and the same is true in t he 1 I World monk y , 
although all r tain t he divergent great toe. 

In t h anthropoid ape t he foot i often u d for u p n ion , pe­
cially in the orang-utan, in which t he foo t become ext r m ly lonO' and 
n:1rrow. In th O'Orilla t h t o s hav b O'Un to hort n and t h gr at 
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HM 

addudor 
llJCJS 

lo/Jh<;vum) 

Wvdor dijtlt 

/;dudor/iollucis 
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•,_;.,~,....--- -11' Not1d11rlor 
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F ig. 1 Ora p ing m u cle f th great t e and their p a n on th 
ole of the fo tin (A) ori ll a ; (B ) Man. Aft r di ecti n b) R av n . 

In man he tran ver e adduct r f the great toe i- till pr n t " entia ll y in th 
anthropoid po ition t h urrh m uch red uc d. The blique addu t r of th o-r at to a r 
,-..-ell developed in both man a nd a nthr poid . 

The abductor of the great to i a im t id ntica l in man a nd a nthropoid . Th 
ame is t rue of the abductor of the little toe . 

to beo-in to re emble that of man , except that it i till off- t fr m 
the other digit . In t he orancr, chimpanz an I er rilla th h 1 i 
placed on the ground in walking a in man. 

In man the o-reat toe ha becom drawn int ,varcl th th r clicrit 
and t he latter have becom very hort. 

COMPARATIVE ANATOMY OF THE SOLE OF THE HUMAN FOOT . Th 
uperficially hand-like appearance of th f et f th chimJ anze an l 

gorilla " a viewed in earlier time a an important and fundament al 
point of difference from the f ot of man , but Ii ti n f th 1 
musculature how t hat th foot of th chimpanz an I the o-o rill i~ 
operated by mu cl which corr pond , n t to th mu cl f th hu­
man hand, but to tho e of the hum an foot (F io-. 1 ) . In I ri f th 
mu culature as well a the k 1 ton of th human f ti fun !amen tally 
of t he biramou anthropoid ty1 . 
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Fi . 19. A tructural erie of feet of primate from the Eocene 
Notharclu to Man . 
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0 , 0 
Dept. of Comparative and Human Anatomy 19n 

F ig. 20. Comparative embryolO"Y from fi h to man (Wall ha rt ) . 

Man, like other vertebrate , develop from a zyaote 
d i\'ide and subdivide a it o-ro,,· unti l i eventually aiye ri 
in t he adult b dy. 

In order to faci litate compari on the corre ponding tag 
de, elopment have been enla rged to about the ame iz , r gardl 
t he human egg, which m a ure only about 1 250 fan in h in diam ter, i· h r · hown 
nearl y a bio- a the egg of t he Port Jack on hark ,,·hich mea. ures about two in h 
(bottom row). 

T he picture how even out of the innumerabl ta Yelopm nt. 
The econd ro,,. illu trate late cleavage ta e . In d row n t th be-

ginning of om ite (body egment ) ; in the fourth row gill lit and th b ginning of 
t he fo re li mb are indicated; the fifth row ho,,· !:lt mbryos with for and hind 
limb bud ; ixth ro,,· late foetal, newly hatched, r n ,,·-born · t:1"es; toJ row, adult:,;. 

-ll 
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THE FACE FROM FISH TO MAN 
[Case VI] 

A com1 arat ive se ri e of model inclu lino- living and extinct form 
and howing a o-eneral 1 rogre from fi h to man (Fio-. 21 ) . 

Th e form do not lie in the direct line of le cent to man but are 
the neare t to the direct line yet di covered. 

The lower form contrast with man in th following character 

Jormal po ition of 
backbone 

Po it ion of eye 
Direction of eye 

Po~ition of mouth 

Direction of mouth 
Muzzle 
Nose 

J ostril 

Upper lip 

LO\YEB, FORM MA 

Horizontal 

On ide of head 
Outward, forward 

and upward 
Largely in front 

of eye 

Yertical 

In front 
Forward an l lightly 

downward 
Laro-ely beneath eye 

omewhat downward Horizontal 
Large Much reduced 
Not lifted above Prominent, narrow 

muzzle 
More or less lose together 

separated 
Separated by nose Continuous beneath 

nose 
Intermediate stages in the shifting and development of the parts 

of the face are seen in the monkeys and ape . 
Taken a a whole , the series indicates that in the earlier forms the 

braincase was low ; the foreh ad fir t begins to be lifted up in the 
monkeys but it is not until man him elf appears that the brain swells 
up to produce an almost vertical forehead. 

The yes first appear on the ide of the head and gradually hift 
around to the front , o that by th 0 stage of the anthropoid ape the 
can both be focu sed at once on an object held in the hand or near 
the face . 

The nostrils also are originally wide apart and come too-ether into 
a tru no e only in the anthropoid tage. Th no e i at first not 
differentiated from the proj ectino- muzzle , but in the anthropoids it 
become eparated from the mouth by the broad upper lip and begin 
to take on it human character. 

The mouth i at first only the openina- to a ort of fi sh-trap t 
with harp teeth, but in the anthropoid it become adapted for a diet 
chiefly of tender hoot and herb . In man the mouth finally become 
rrlatively very mall and delicat . 



HUMA TOMY 

J\CE FROM FISH TO MAN 

Fig. 21. A comparative serie of cast and model including livin and xtinct 
form and ho" ·ing a general progre s from fi h to man. 

Thus the face has undergone gr at change in adaptation t uc­
cessively different modes of li fe; but, from fi r t to la t , th mouth 
which is the gateway to the tomach, ha b en a i ted by the n e 
the eyes, and the ears. And as our brains have improv ct, our :r and 
ears have told us more and more about the world of natur and f m n. 

THE FACIAL MUSCLES FROM FISH TO MAN 

[Case VI] 
The human face owe to it facial mu le t he a l ility to mil r 

to frown and to expre s such emotion a joy, f ar di lik and th 1r 

opposite . The facial mu cle also take part in th r m Yem nt f 
the lip , mou t h, no t ril , ear and cal1 . In mammal , in ludin°· man , 



C 

D E 

Courte y G. P. Putnam's ons 

Fig. 22. Origin of the Facial Muscle of Man. 

A. Primitive reptile with continuou bony mask covering skull. The ma k wa 
covered with thick skin without muscle , as in the alligator. (After Willi -
ton. ) 

B. Modern reptile with an open or fenestrated skull covered with thick, non­
mu cular skin . (From Ftirbringer, modified from Ruge. ) 

C. Primitive mammal in v,hich the phincter colli y tern ha grown fonrnrd over 
the face. 

D. Gorilla. E. Man. ( , D and E after Ruge.) 

they extend over the face and around the scalp ears and neck· but in 
the vertebrates below the mammals they are confined to the neck 
and throat. 

The present series of models in low relief illustrate some of the 
steps by which the complex condition in mammal are believed to 
have arisen out of the more simple conditions in man' le progre ive 
relatives. The models (except No. 3) are ba eel on a few of the numer­
ou dissection and illu tration prepared by the late Profes or Ern t 
Huber of John Hopkins University and described b him in hi book 
on "The Evolution of Facial Mu culature and Facial Expre ion" 
(1931). 

44 
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EVOLUTION OF THE HUMAN SKULL 

[Cases VI , VIIA and 20 ] 

Durin g thC' C'voluti n f th ' ·kul l l'rom that of n prnn il iv1• !1J IH -
finn d fi h t that f man (Fig. _-t ) , m,rn~· C' hanµ:c •. lw,·1• lak('f) plac·c· 
in the numb r J r p rti n and rC'lation: of tlw lio11<•:-. . 

In t i kull f th 1 rimitivC' l C'vonian fi:h, E11 . th e 111111lc ru11, 

t h r ar ab ut 1-r 1 n whit in man (Fig. -:3 ) the numl >l'r 1s n •-
du I t 27 r f w r. In th Ii ing clfi h tlw. kull i: made· up of ; 
bon , n t in lu lin o· th hy id and bran hial ar lws. 

Thi r duct i n in numb r , a, w 11 a th ,~ triking grC'at innrasc· 111 

th izc f the brain- a and th r du ti n in the . izr of t hr ,ia"··, 
well illu trat th prin iplc r gniz l by ,' trom rand W illiston , that 
a we pa from primitiv t l ciali z I brat th C' numlH'r of 
primary kull I m n t i r lu ed whil that r ma in IH' omc' 
mor hi o·hly cliff r ntiat cl. 

Fig. 23. Di articulated human kull, exclu iYe of hyoid and laryngeal lement . 
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Fig. 24. Evolution of the human kull. 
Thi exhibit i de igned to ho,y ten tructural tage in the evolution of the kull 

from fish to man, repre ented by knmrn fo ii and recent pecimen . 
I. Devonian cro opterygian fi h, Rhizodop i . 

II . Carbonifer u amphibian, Eogyrinu . 
III. Permo- arboniferou reptile, e.11mouria. 
IV. Perm -Carboniferou theromorph reptile, ,1lyclero auru 
Y. Permian reptile, cymnognnthus. 

VI. Tria ic cynodont reptile, I clidop i . 
YII. Recent opo um repre enting Upper retaceou mar upial 

VIII. Eocene primate, 'olharclu ' . 
IX. Recent anthropoid, chimpanzee. 
X. Man. 
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EVOLUTION OF JAW MUSCLES . The t(•mpora l a nd 11 1:1 . 1•t1 •1 l lll l -

cle of man a r h m I g LL wit h . imi la rl,v .· it uat 1•d mtt c·l1• i 11 l11w1 ·r 
animal (F ig. 25) . T he t m J ra l mu: IP nri . Ps on tlH· idt• of 1111' I- 111 1. 
pa cl wn be- nea t h t he h k a r h a nd is in: c•rt1•d int o th" 11 pp1·r 
part of t h mancl il I . T hr ma . . tr r a ri . <' :-. frnm t Iw l1m1·r l1onl1•r of 
t h chc k ar h and i in rt dint th r outC'l' r<'a r part of tlw 111a11 d il ,lt• . 

In t h hark (I ) t h t mp ral a nd ma . . ct C'l' nrP n pn•. c· 11 (l•d 1,., 
pa rt of t h acl lu t r mancl ibul· ma. , whi h in t urn is in sNi1·:-. "1 t h 
t h d p fkxor 1 I f t h rr j 11 a r h . . 

The temp r ha I layr cl a pr min nt part in tlw JH'rfora-
t ion of t h bony hind t h y , t f rm th r t ' mpc ral OJH·ning 
a nd ch k a r h ( lu t ion f th Sku ll " ) . 

Th t w p tr ryg id ( xt rnal a nd in( rnal) although 
u ually mall in t h mammal a r f gr at im1 rtan in th opc•ning 
and clo in °· of t he jaw. T h y al c un t rbaltln c t h J ull f the ma. -
seter , which might t a r t h jaw apart a t t h ymph~'· i . 

The d iga t ri c mu cl of mammal i a c mp un d mu. Ir and it , 
togeth r "i t h on of t he mu 1 of t h throat rcgi n r p r . nt part 
of t he econd con trictor of t he fi h 

FiO' , 24- ( ont inued) 

Column A.-Ev lu t ion of the kull r of. T h pai red nasal fr ntal and pari ta! 
bone of the primi tive ver tebrate (I- V) are pa ed on by her li ty t th low r 
mammal (YII, VIII) and fi nally to man (X ). In man (t p) t h up" ro"·th of th 
brain i refl ected in the d me-li ke cranium. 

Column B.- Evolut ion of the bone ar und the eye. In low r vertehra t s (I- \' ) 
there wa a serie of five bone a round the orbi t r eye- o ket . In th nHHnnrnls 
(VII- X ) only two of the e b ne (t he maln,r and the lacrymal) r main. In th I w r 
form t he eye are on the ide of the muzzle behind the upp r jaw, and th y look -id -
way . In anthropoid and man they are above th upper jaw and ar lirected forwa rd. 

Column .-Evolut i n f t h jaw . In adu lt man th upper ja,,· on ach sid i 
composed of two fu ed bone , the premaxilla (in termax illa ry) and the maxilla . T h 
lower jaw n each ide i c mpo ed of a ingl b n , t he d ntary . Th se hon s a r 
present in the lo,Yer vertebrate . A we pa fr m fi h t man th maxilla and th 
dentary become larger and the dentary at tao-e YII ff t. a n ". onta t (th 
temporo-mandibular joint ) wit h the kull. In the anthropoi I and man th jn.w. 
become deepened and hortened in front beneath th eye . 

Column D .- Evolution of the tempor -mandibular b n s. In t h fi · h (1) the 
cheek pla te cov r t he jaw mu cle and are c nt inuou below with the infra-d ntar · 
bone . In t he repti le thi erie i repre ent cl p cially by the . qua mo. a l a nd 
angular bone . In mammal (VII-X) only th quamo al r mai n yi•il I , t form th 
quamou p r tion f the temporal bone. 
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Fig. 25. Evolution of the jaw mu cle . 

hark ( hlamydoselachv.s). VI. 
Lobe-finned ganoid (Polypl ni ) . YII. 
Primitive amphibian (Eryops) . 
Primitive mammal-like reptile ( cymnog11athu ) . 
Advanced mammal-like reptile ( ynog11ath11s). 
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YIII. 
IX. 

po , um. 
Primitive primate 

( olharctus.) 
himpanzee. 

Modern Man . 
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Fig. 26 . Progre sive increa e of the d ntary (dn) and reduction f the 1 m nt 
behind the dentary, leading to the mammalian jaw, which ha f rmed a new_ articula ­
tion with the skull (see Fig. 27). 

Inner side of left half of mandible. 

A. Primit ive theromorph reptil , Dim lrodon . ft r Willi ton. 
B. Primit ive gorgonop ian, ynarioide . After Broom. 
C. Progres ive cynodont , Cynognalhu Part ly aft r Wat on . 
D . Ict ido aurian. After Broom. 
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B a. rl 

Courte y G. P . Putuaw· on 

Fig. 27. Progre ive upgro,,-th (A, B) of the a cending branch of the dentary 
bone of the lower jaw, Khich eventually, in the early mammal (C), effected a contact 
with the kull, thu forming a ne\\· joint. MeamYhile the old joint (at the back of A) 
dwindled away. 

A. Primitive mammal-like reptile ; B. Advanced mammal-like reptil ; . Prim­
itive mammal. 



)/ECl(EL's /~ 
CARTILAGE 

Homo SO'JJlPns 

T MY 

NALLE!JS 

/N(IJS 

' ' 
GO/Vf ~~£ /~~,:_'/1AIY(JBRI(/. ( 

..... __ _ 

alln--lfacf /in 

31 

Fig. 2 . uditory o . icl o f fo t a. I s tag form cl from jaw I m nt · Ii 11111d th 
d nta ry . 

EVOLUTION OF THE AUDITORY OSSICLES [Case 25]. Th audit ry 
o i l f man, li k tho of mamm I , r cl riY d in th om . of 
mbryoni c d v lopm nt from part of th vi ral a r h . ' Off . -

p nding to t he cartila 0 'in u jaw hyoicl ar h an l hrnnchial r h f 
t he fi h. Thu in t he human mbry th futur in u (an il) i. r J r -
ented by a littl cartilao· that ha t he pr i p . iti n and l at ial 

r lation of t h quadrat bon of th 1 wcr v r brat ; th mall u. 
(hammer) i a part of h 1\1 k l' artilao·e r or f th 1 w r ja,,.. · 
wh ile t he tap repre ent th upper par of t h hy i I arch (Fio-. 2 ) . 
Thi interpr tation of the orio-in of the mammalian i l wa fir t 
put forward by t he embryologi t . R eich rt in 1 · 7, but i )a b n 
o-r atly ext nd d and confirmed by modern inve t io-ator , p ially 
E. Gaupp of Fribouro·. 

In the erie of fo il vertebrate fr m fi h t man h cyn 
or pro-mammal of the Tria ic ao- of outh frica , h w a riti al 
stage in t h evolution of the audit ry o icl immediat ly J r lin o­
the mammalian condition (Fig. 26 ' D ) . The d ntary bon f th 
lower jaw has incr a eel in iz and the b n behind it hav b c me 
much mall r. A in modern reptil , th tympanum, r ar-drum 
was very probably conn cted by "li o-ament with th ba k part f th 
lower jaw. H ence in th e animal t he articular, quadrat and c lum­
ella auri had already beo·un to function re p tiv ly a th mall u 
incu and stape . 

Thi amazino- bu now fully cl cum nt cl tran f rmati n 
element into au litory o icle affor l an xc 11 nt xampl 
principle of th " change of fun t i n. ' 

f jaw 
f th 

For th relation of he au li tory o icl t 
organ of h arino-, ee Fio-. 33 and pa0 • 6-:1:. 

th r part f th 
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EVOLUTION OF MOLAR TEETH. It ha been hown by palreont­
ologist that th more complex form of the crowns of the molar teeth 
of mammal have evolved from a imple triangular or tritubercular 
pattern. Thi wa the mo t important part of the "Cope-0 born 
Theory of Trituberculy," develop d by the merican palreontologi t 
Edward D. Cope and Henry Fairfi Id O born between 1 3 and 1907. 

The crie of enlarged models of te t h of fo il and living mammal 
(Fig. 29) repre ent eigh t stage~ of advancement from the Jura ic 
period to the present time. 

The eries as a whole how the tran formation of the upper 
molars from an irregular cutting and piercing triangle to a rounded, 
four-cusped grinding tooth. 

In the lower molars the progress i from small cutting triangl 
with very small posterior heel to large oval grinders with low conical 
cusps and a large central basin. 

Noteworthy details of this transformation are as follo, s: 

In the second tage (B) the tip of the upper premolar i repre­
sented in the molars by a large conical cusp (solid black) called the 
amphicone. In the later stages the amphicone divides into two cusp 
(paracone and metacone), which move apart as the hypoconid of the 
lower molars comes to fit between them. 

The "protocone" of Osborn i apparently not the olde t cu p of 
the upper molars but arises as a welling or bud on the inner ide of 
the base of the crown. 

In the earlier stages the outer part of the crown, called the 
cingulum, is very large, but after the fourth stage (from th bottom) it 
disappears, leaving the paracone and metacone on the outer border 
of the crown. 

In the fifth tage a new cusp, the hypocone, grow up, filling th 
pace between the upper molars and chan°-ing a triangular into a 

roundly quadrangular crown. 

In the lower molars we observ that in the earlier tao-e the talon­
id or h els ar small, but finally they becom larger than th trigonid 
(or lower triangle ). A thi ha1 pen , t he protocon of the upp r 
te th nlarge to fit into the xpanded talonid ba in . Th paraconid , 
or antcrointernal cu p of the lower molar , di appear at h fifth 
tagc , whil th hypoc n f th upper molar becom enlaro-ed. 
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Ficr . 29. Evolution of molar teeth illu t ra ted by fo ii and re nt mammal . 

Upper teeth left, lower teeth right half of picture. 

A. Pantotherian . E. 
B. Deltatheridium. F. 
C. Potamogale. G. 
D. Didelvhodus. H . 

Pronycticebus. 
Dryopithecu . 
Le Mou t ier . 
Man (modern n ·hi t ). 



54 AMERICA MUSEUM GUI DE LEAFLET 

THE NERVOUS SYSTEM AND ITS FUNCTIONS 

ELEMENTS OF THE NERVOUS SYSTEM 

[Case VIIB] 

:l\Ian lik other orO'ani m , i a living olar cn<Tine, run l y t he 
enero-y of t h unlight t hat i stored in plant an l animal foo I ( ee 

a e I ) . 
Thi tolen enerrry may ea ily drive it u er to l t ruction unl 

quick aclju tment arc con tant l:r beinO' made ao-ain t dangerou force 
both in i le ancl outside the body. 

Th nervou sy tern make t he e adju t ment po ible · it al o 
determine which on of ve ral alt rnat ive hall l follow l wh n 
comp t ing in tere t are at take. In very imple animal a goo l ad­
justment is pre umably r warde I by a en e of well-b ing or pl a ure, 
whil a bad adjustment o·ive ri e to a en e of pain . In the higher 
animal the immediate pur uit of plea ure and the avoicla nc of pain 
is complicated by memorie of th good or bad con quence of pa t 
behavior. 

This exhibi t i in ten le l to how ho,v th imple t element of t h 
nervou ystem are built up into t he amazino- complexiti of the 
brain ; imilarly , t he science of p ychology tri ves to trace an orcl rly 
historical sequence from the elem ntary reaction of an amceba to th 
mo t ab tru e rea oning of mathematician . 

A few of t he myriad of vibrat ion which con tantly rain down 
upon u are caught by tens of thou ands of en organ , or recep tor , 
scattered almo t everywhere on the urfac of the body and in it 
interior . The recept or for smell and ta tc are able to catch ch mi cal 
stimuli ; t he recept ors for t ouch , pre sure, hearing, receive mechanical 
or phy ical t imuli ; the r ceptor for light, color-wav , heat and c lcl 
are ensit ive t o radiant nergy. 

The po it ion of the bo ly in reference to t he dir ction of the fo re 
of gravi ty (balance), a well a th po ition of th different oro-an and 
par t to each other, i indicated by everal kin l of " receptor rgan " 
en it ive to pre ure and located in t he kin , in th tendon f th 

mu ck , in the joint and lsewh re. 
When a r ccptor i xcitecl it start a curr nt f ' nco-ativity " in 

th ion of the neuron . The di charo·e of t h curr nt a t t he end f a 
n uron tart a current in the one above it and o n by relay al ng 
affcr nt nerv up t o th brain · t hen ot her current ta rt in vari u 
direction in t he cor t x of t he brain · thenc new urr nt pa cl wn 
t he fferent nruron t o th effector , or motor oro-an , in luding mu l 
around t he glands. 
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THE " SYMPATHETIC " (AUTONOMIC) NERVOUS SYSTEM . 'I'll!' IH'I\ -

.v tern a a wh ole is c mposc'd of two main divi sion. : ( I ) I lt1• 
r hr - pinal , y tern, in luding (.\ ) thr brain , ( H th<' crn111al 111 ·n1·. 

( ) th . pinal rel , ( D) the ,· pinal nrrv :; (~) the' n11tono1n1c· 1H·1-vo 11 
y tern , in lucling a vat n tw rk f fih ,rs c·11<ling; in t lll' 1111 stnat1·cl 

mu ula r at, f th blo I- .-. cl. a nd in th mu · n1s llH'tlll ,ra tH'. and 
oth r J art f th g;lancl and othrr int r rnal org;,rn.-. 

Th a ut n mi y t m mprisrs two nrnin divi sion.-. S.\ mpa -
th ti a nd J arn- ympath ti , whi h >pposr C'nc h ot IH' r in rc•gulat inµ; 
th a ti n f the cluctl g land, , vi se rn , hl 1-YC'ssc' ls, <'l ·. 

'I'h larg r branch f th .\'mpnthcti ncn ous sys trm unite· lo 
f rm a e ri f ganO'li a n a h ide f th pinnl onl. l ◄:aC'h of lhr. c• 
ganglia i nn ctecl by deli at bran h with th OtT C', ponding :pinal 
n rv f th c r bro- pinal y t m . Th o·anglia f the sy mpatlwtic 

:'> tern a ri e in the mammalit n , human an I th r mbryos from tlw 
lat ra l m aro-in of t h n ural r t.. H n . pathC'ti ganglia 
ar r ally 11ly cliff r ntiat cl l rti n f th n rv LL • y t m. 

SPINAL NERVES . In u h a primitiv v rt hraL a. a hark th 
mu cular I art f the b ly i di, id cl into a eri f gment. alled 
omit whi h urroun 1 t h n n- o-m ntal li g tiv tra t an l pinal 

cord. Ea h mit ntain on v rtebra and n pair f pinal n rv . . 

Each pinal n rv i u by t \\ o root , dor al and ntr 1 fr m 
the pinal cor l betwe n th neural a rche of t he v rt br Th mot r 
(ventral) ro ti o called b cau e it motivat t h mu le £ th t runk 
and limb . Th !or al and v ntral root unite to form a common 
trunk. Thi ubclivid into a l r al and ventral primary livi i n 
both carryinff motor and en ory nerve fib r . maller l ra nche 
finally upply t he en e organs in the skin and th k 1 tal mu cl 
ben ath. Thi arranO'ement, which makes po ibl the pinal refl x, i 
found in all vertebrates from fi h to man. In certain v rt brat 
especially reptile , tho e spinal reflexes t hat cau e wrigglin°· of th 
body may continue lono- after the cord has been v reel· l ut in t h 
mammal the e reflexe a re more or les under the contr 1 of n rv 
center in th brain-stem. 

REFLEX ACTION . In t he " knee-j erk refl ex" a lio-ht ta1 ju t b 1 w 
the knee timulate t he en e organs of pre ur in the t n 1 n of t h 
extensor mu cl of the leg. N ervou impul then trav 1 up th 
afferent nerve throuO'h the po terior or en ory root f th pinal 
nerves into the pinal cor l it lf ; t here the a ffer nt current pa int 
fine terminal nerve branch which come v ry near t , l u t cl n t 
actually cro over into, eq ually fine terminal branche of t h cl nd-
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ing or efferent nerve . omehow the current in the afferent branche 
induce corre ponding current in the efferent branche and the e travel 
out through the anterior or motor root down th efferent nerve to 
th nerve ending , or end-plate , which are fastened to the ides of the 
mu cle fibre . The di charge in the e end-plates initiate the con rac­
tion of the exten or mu cle on the thigh and the lower leg uddenly 
kick forward. 

This reflex i practically automatic or involuntary, since the 
reaction between afferent and efferent impulse take place in the 
pinal cord with little or no control from the brain. 

CRANIAL NERVES . The "cranial nerves" are paired nerve that 
i sue from the brain and brain- tern in front of the pinal cord. In all 
vertebrates from fish to man the cranial nerve are arranged in the 
following traditional equence: 

NERVE PAIR NAME 

I Olfactory 
II Optic 

III Oculomotor 

IV Pathetic or 
Trochlear 

V Trigeminal 

FUNCTION 

Nerves of mell 
Nerves of ight 
Motor nerve to four out of the ix mu cle of 

the eye-balls, as well as the ciliary mu cle 
and muscles of the iris in the interior of the 
eyes 

Motor nerve to superior oblique muscle of 
eye-ball 

V 1 Ophthalmic branch Sensory nerves to front of head 
V 2 Superior maxillary 

branch Sensory nerves to face, palate 
V 3 Mandibular branch Motor nerve to jaw muscles; Sen ory nerve 

to teeth, anterior part of tongue 
VI Abducent Motor nerve to external rectu mu cle of 

VII Facial 

VIII Acoustic 
IX G losso-pharyngeal 

X Pneumoga tric r 
Vagu 

XI pinal acce, sory 

XII Hypoglo sal 

eye-ball 
In fish the en ory branche go mo tly to the 

lateral line organs of the face, the motor 
branches to the mu cle of the neck and 
gill cover 

en ory nerves of the inner ear or labyrinth 
ensory branches to ta te organ of the tongue 
and pharynx 

Mixed branche to econd gill cleft 
en ory and motor branche to lat ml line, 
branchial arches, lung , heart., tom~ich 

Motor nerv to branchial arche and mu cl 
of the neck 

Motor nerve to mu cle of tongu 



HM N T ~1 37 

In mammal n rv -' ~I i I ri <' d fr m pnrl of .·, "hi! , .\:II n ·pn·­
nt on rm r f t h I ina l n<' n ·<'s or lo\\'rr vc•rt <'lirntt•: . 

In m ammal in lu ( · er • Lh g n rnl arrnngPmc•nl a nd di. -
t ribut ion f h rani al ub LanL ia lly th :anw a: in fi . Ii l,111 
wi h the e importan t · : 

(1) ,vi h t h aba f aqua.t i l if the lat rnl Jin<' sy : l<'m 
of en orcran ha Ii ap m th . hrad and n k nncl with it 
the corre ponding bran h of v n t h rani al n r 

(2) Th crill c v r , t h 1r and ial n r c have• 
al o di appeared but m f t h mu t h hy i l ar h arc : till 
pr sent and function in op ratin cr t h larynx or voi m hani . m. 

(3) In the anc tor of t h mammal 
muscle of the neck o-r w forward und r t h 
mimetic mu cl s, carrying with t h m branch 
nerve (see Case VI). 

m of h UJ rfi ial 
kin to form th fa ial r 

of th 

Modern anatomi t have di cov r d t hat t hcr arc ral a cl li-
tional pair of cranial nerves, not no t ic d by t he older anat mi t . 

THE BRAIN 

[Case VIII) 

SENSATION 

PALAEOKINESIS : ACTION CONTROLLED BY THE SENSES. Th main 
division of the bark's brain corre pond to t h oro-an f r m llin o­
seeing, balancing, touching and tasting. The brain i urr un l I I y 
these organs and consist of bundles of nerv that com from t h m 
and from the spinal cord , the latter being t he main ma of n rv 
from the internal organ , mu cle and kin of the body. 

The reactions of the hark t it nvironm n ar ntr 11 d 
directly by it en e . Thu plea ure and pain produc pp it and 
immediate dir ct re pon . Thi typ of r act ion i all cl pal 
(ancient action) in contra t with th mor deliberat e r p n 
highest animal , which i more r 1 con troll d by id a (n okin i.) 
(Figs. 30 and 31) . 



PAL.-EOKINE·s1s 
ACTIQN CONTROLLED 

BY THE SENSES 

Fig. 30. In th hark the no e brain, ear brain and cerebel­
lum dominate the midbrain, which in the fi hi. the main center 
of control. 
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NEOKINESIS 
ACTION CONTROLLED 

BY IDEAS 

Fig. 31. In man the center of control ha m ,·ed upward into th 
cortex, which dominate a ll the part below it . 

59 
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TOUCH, PRESSURE, PAIN, HEAT, COLD, ETC. In the kin of verte­
brate animal we find everal kind of ense organ ·which may be 
call d CONTACT receptors, in contrast with DI TA CE receptor includ­
ing the eye and ear. The contact receptors give ri e to the senses of 
touch, pressure, pain , heat, cold and perhap other en ation . They 
are widely di tributed over the skin and are supplied by the cutaneous 
nerves. The latter lead back to the dorsal root of the spinal nerves 
and thence up the spinal cord to the medulla oblongata of the brain­
stem, where the centers for t;hese ense are located. 

The muscles, tendons and joi'nt of the body are al o upplied 
with end organs that are sensitive to pressure. Movements of one 
part on another, or even the arrest of movement as in fixed po tures, 
stimulate the end organs in the tendons and joint and thu inform 
the brain of the position and state of tension of each part. These 
receptors are innervated by branches of the spinal nerves. 

Other receptors, called enteroceptors, located in the viscera and 
in the muscular parts of the heart and blood-ve el , appear to be 
sensitive to the pressure of gases and liquids, while still other receptors 
in the intestines may be sensitive to chemical stimuli of the body 
fluids. The viscera are innervated by the vagus nerve (para ympa­
thetic) and sympathetic systems. 

SMELL. The olfactory receptor , or organs for the sen e of smell, 
are classed as chemo-receptors because they are timulated by certain 
chemical substances dissolved in olfactory mucou , a watery olvent. 
These solutions affect the sen ory hairs of the olfactory pithelium, 
perhaps by reacting with the solutions contained therein. 

There is evidence that the sense of smell wa very highl} devel­
oped in the oldest types of fishes and that there has been a marked 
reduction of this power in the nearer ancestor of man. In a certain 
large shark, according to Haldane and Huxley, the olfactory pithelium 
(which is greatly infolded and packed into the olfactory ca1 ule ) had 
an immense area, estimated at twenty-four squar f et. In a dog, 
which like mo t ordinary mammal has a relatively ke n ense of 
smell, the olfactory epithelium if unfolded would cover about ten or 
more square inches. In man, although the na al cavity i lin d with 
mucous membrane, only a very mall area (about on -fourth of a 
quare inch) i supplied with the branches of th olfactory n rv , all 

the r t being in en itive to mell. 
imilarly, those part of the brain which relate to th 

mcll have b come much reduced in man and hi n are t relative 
anthropoid ape . 
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H JIil T 1 

TASTE . ' Tat bud , r rrcr pt or: fo r tas te s timul i, in 1!11· 
huma n ad ul t ar l a t cl in ' C' r rnl pla rs •hic•fl y on t lw t o nµ;1w . 

ft palate. 

T h f ur prin ipal ta tc a rc diff rr n t ly di s t ri hu t cl on the' . ur fac·< · 
f h ton o-u : " our ' i b t n t cl n th sick s f t hr t ongut' ; "sal111 <•" 

on t h ide a n I t ip · ' w t ' at h t ip: a nd bi ttrr ' al llH' l>a. ·c·. 

Thr r p ibly f ur f t h pa ir cl n1,ni a l n rv ,' inc lu clc• gu.- t a-
t ory fi br . T h chorda ty mpani bran h v nt h nc' rv ' sc' IHt­
rate fr m t h lingual n rv (a bran h f t h fifth ) an I ncl. gtdnt ory 
fi bre to t h a n terior tw -thir I f th t ngu . 'I 'h 1 o-phnryngPa l, 
or nin t h, uppli t h po t er i r t hird of t h t no-u in lu ling t lw 
fo liat a nd vallat papill · whil bran h f t h t n t h vagu. ) a rP 
di t ributed to t h lary nx, t he piglott i an I t a m all ar a at t lw most 
p o terior par t of t h tongu it elf . In hum an f tu and bab . UvtP 
bud ar m or widely d i t ribut d t han in th a lul . 

In t he brain aff rent n rv fib r fr m th ta t I ud 
t heir current into " nucl i, ' r cent r in th m du lla 
Then by r lay t he gu tator m e ag a r nv y d t 
The kind of r pon e of t h brain a a wholr t t h 
depend in part upon t he data uppli d by th 
m em ory and a ociat ion ( ee Fig. 31 , k in i ) . 

harg 
ngata . 

th brain. 
timuli will 

f 

SIGHT. The " ba ic pa tent , ' or mo t fund a m ntal f at ur f thr 
eye, i t he battery of light -cell (rod and con ) in t h retina ,Yh r l y 
t he energy of t he li rrh t waves i convert d int vi ual n rv imJ ul 
which t ravel a long t he optic n rve to th brain. 

The rods of t he ret ina contain " rhodop in , ' or vi ual purpl and 
it i possible that t he decompo ition of vi ual purple uncl r t h in flu n 
of ligh t cau e xcit a t ion of the rod . Th con hav no v i ual J)UJ'J le 
but probably do contain ome oth r ph t - en i iv comp un I. 

The effi ciency of t he light-c lls i immen ly in rea d l y t h fa t 
t hat t he eye as a whole i a natural cam ra , wh e hief par t. ar a 
fo llow : (1) a dark chamber , in which th li o-h t i admitt d nl y thr ugh 
a sm all circular aper t ure call d t he pupil ; (2) a n it iv plat a llr cl t he 
ret ina ; (3) a lens fo r foc u ino·the imao· · (4:) mu 1 of a mm da ti n 
fo r altering t he curvat ure and focal len oth of t h lcn ; C) a n t ra til 
iris fo r rerrulating t he amount of li gh t admi tted to t he hamb r. 

But t he eye i a liv ino- camera a ll of wh part hav t h f d 
with materials fo r m aint nance a nd growth . H n i t J)Osscsscs a gr a t 
m any feat ure not found in an ordinary camera. T h r t ina , f r ex­
ample i crowd d with nu t ri n blood-v ' l wh i h u1 p ly t h many 
layers of rod and cone . 
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A mall circular pot call d the fovea, which lie wi t hin the macula 
on the back of each retina, i far more en it ive to light than i th ur­
roundin o- area. The e en itive pot enable t he two eye to converge 
on a ingle small object . Thi convero-ence i effected by t he coopera­
t ion of t he two et of eye mu cle . Each ey i moved l y ix mu cle , 
which too-ether fo rm a con urroundino- the optic nerve . Focu ing i 
done by mu cles attached to the len . 

The cornea, or t ransparent front window of t he eye, i continuou 
" ·ith t he clerotic coat . p~cks of dirt and, etc. are wa hed off by 
tears from t he lacrymal gland in the outer corner of t he eye. 

In primit ive vertebrate the optic lol e on t he upper part of t he 
midbrain iYere t he chief receiving center for vi ual stimuli , but a t he 
neopallium, or higher brain , became larrr r and more complex (Fig. 32), 
t he " opt ic radiation" on t he occipital urface of t he cer<' brum became 
increasingly important; in the mammal the old opt ic lobe serve as 
reflex centers for t he eye mu cle . 

In t he anthropoid and man nerve fibers from each eye cro over 
to t he oppo i te half of the brain ; others rro directly to t he ame ide of 
t he brain. This makes pos ible complete overlap of t he t wo vi ual 
field , result ing in "stereoscopic vision. " 

The position of the paired eyes in primit ive vertebrates is on t he 
ides of t he head but in t he mammal t here i a tendency for t he eye 

to be directed forward. Finally in t he anthropoid ape and man t he 
eyes look wholly forward and are not only capable of converging on an 
object but can both follow an object moving in any direction within t he 
combined field of vision (biconjurrate movement) [Ca c 26]. 

In t he vertebrate t he eyes arise in t he embryo as pocket in the 
medullary folds of the fu t ur brain. The optic talk and cup then rrrow 
outward from t he ba e of t he rapidly wellino- midbrain . ,Yhen t he 
optic cup touches the outer layer it give out a chemical ub tance that 
cau es t he ectoderm to t hicken into a lens. 

F ig. 32. The Ri e of the human brain (Wall Chart 7). 

F rom fi h to man t he brain increa e in complexity and in the ize of certain 
part , e pecially the fo rebrain . In the lower fo rm the fo rebrain fun ction chiefl y in 
connection wi th the "olfacto ry bul b ," and melling nerve . In t he mammal the 
upper part of the fo rebrain become different iated a t he neopallium or ne\\· brain, 
gradually as ume cont rol and finally become greatly convolu ted or info lded, 
largely concealing, e pecially in the ide and t p vie"· , t he older part of t he I rain . 

Al though t he fo rm who e brain. are figured above are all living at the pre ent 
day and therefore not ance tral one to the other, their brain repre ent a pr gre ive 
erie from lower to higher type . 
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The general tructure of the e e throughout the vertebrate i re­
markably con tant, the chief differences between the eyes of fi he and 
those of land-living vertebrate being t hat in the former the lens i more 
convex and it focal di tance shorter. 

HEARING. The organ of hearing (Fig. 33) i clas ed among t he 
mechanical receptor because it re pond to mechanical timuli , which 
in t his case are t he pulsations of ound wave in the air again t the 
tympanum, or ear-drum. The outer ear (concha) and its t ube (the ex­
ternal auditory meatus) serve 'merely to collect and conduct the ound 
wave to the tightly tretched ear-drum. The latter is located at th 
entrance to the tympanic cavity, which in turn lead to t he Eu tachian 
tube (tuba auditiva), connecting with the throat. The degree of ten­
sion of the ear-drum is regulated by the tensor tympani muscle, th 
tendon of which is fastened into the handle of the hammer, or malleus. 
The latter is t he outermost of a chain of three little bone (os icula 
auditus) that transmit vibrations of the ear-drum to the membrane of 
the oval window (fenestra ovalis) of the inner ear (see p. 51 ). 

The three little bones are geared together in such a way t hat t he 
relatively wide but weak oscillations of t he ear-drum are transform d 
into much shorter but more powerful thrusts of the foot-plate of the 
stirrup, or stapes. The vibrations of t he latter tart waves in the liquid 
t hat fills the snail-shell , or cochlea; this in turn contains the organ of 
Corti, or true organ of hearing. 

The waves of pressure travel up t he liquid in the coils of the cochlea 
in the upper division thereof (scala vestibuli), pa sing over the ensory 
hairs of the acoustic epithelium and thus initiating nerve current which 
pass through the afferent acoustic nerves to their centers in the brain­
stem. Numerous relays pass thence to and from the temporal lobe and 
other parts of the brain. After reaching the top of the cochlea th pre -
sure waves come down the lower division of t he coil (scala tympani) and 
appear to escape through the vibrations of the membrane covering the 
round window (fenestra rotunda) at the lower end of the cochlea. The 
cochlea seems to analyze sound waves by some mechani m for sym­
pathetic vibrations. Since the sensory cells of the organ of orti are 
arranged in a spirally-wound eries it is po ible that they are n itive 
like the wires of a piano, to different wave len°th . Other tructures in 
t he ear, for example the basilar membrane, have been consid red as the 
ignificant part in the resonating apparatu . 

The semicircular canals are ometime called the chief organ f 
balance, or equilibration, because they upply n ory timuli t hat vary 
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B . Diagram ection of the cochlea h ,Yin" th a endin an l d nding 
piral duct and the coch lear du t containing the oro-an f rti , or 

true organ of hearing. 
C. Greatly enlarged view of the cochlear duct, h wm th ro-nn 

Corti with it damper hair cell and h arin n rv . 
(A and , aft r unningham . 
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according to the inclination of the heal toward the pull of the earth 
o-ravitation. There are three emicircular canal the anterior vertica l, 
po terior vertical and external or horizontal canals, arranged at rio-ht 
ano-le to each other in th three plane of pace. They are uppo ed to 
act like pirit-levels. The canal are filled with liquid and lined with 
en ory hair-cell , which are connected with nerve fibre from the upper 

divi ion of the eio-hth cranial nerve . The chief center of balance are in 
the medulla and cerebellum. :r'he ab ence of direct connection with 
the cortex of the cerebrum indicates that t he mechani m for quilibra­
tion i laro-ely reflex. 

emici rcular canal were present in the very olde t known fo il 
vertebrates and are remarkably con tant in t heir general arrangement 
in the existing vertebrates from fish to man. 

The cochlea, or organ of hearing, on the other hand, fir t app ar in 
the higher reptiles and become fully developed only in the hio-he t 
vertebrates, which arc the birds and mammals. 

The acoustic, or eighth pair of cranial nerve , is in eri es with the 
vagus, or tenth, and the entire labyrinth , including it nerves, i re­
garded as a highly differentiated and specialized portion of t he lateral 
line organ sy tern of fishes. 

The ent ire labyrinth, or inner ear, arise in t he early embryo a a 
pocket of ciliated epithelium, an infolding of ectoderm. In later tage 
this pocket becomes divided: the dorsal half give rise to the canals and 
the utriculus, the ventral, to the cochlea. 

RESPONSE 

MEMORY. Th first "basic patent" for memory i t he fact that 
when a nerve current comes up to the brain from a sen e organ, it 
induces another discharge or series of discharges, in the cortex of the 
brain itself, and t hat these discharges appear to 1 ave some phy ical 
traces behind them, analogous perhaps to stain . To u e a crude 
analogy, the more intense and wide-spread the ensory discharges, the 
deeper the stain will be and the longer time it will take to wa h them 
out. In this connection it is an interesting fact that t here i a clo e re-
emblance between the "curve of forgetting" and t he curve of times 

necessary for washing out dye-stains in certain tis ues. 

The second physical basi of memory i t h fact that ev ry 
"center" in the brain is connected with many other c nt r by "a ocia­
t ion fibres." Adjacent ensory and motor area on th urfac of the 
cortex are connected by hort a ociation fibre , while long a ociation 



HUMAN N TM 

fibr conn ct t h oc ipita l, J ari ta! an I t mp rn,l lolH's wit Ii <'a ·Ii ot IH·t· 
and with th frontal lob t ward whi h th a ·inti n fi l>n's <·011 -

v rO'e . The million f "aff r nt" fibr m up to th ort •x from ! lt c· 
n orrran , pa ino- t hr ugh uch er , d d J athwn,r ns llw th nlam u:-;, 

the lenticulat nu leu an I t h c r na ra Ii a, an I th ' UIT •n ts t hat 
th y di charo- l av t h ir trac in man part f the bra in . 

Memory, both con ciou and un n i u , i th r first basis of th <' 
"condition d r flex , ' and v ntually f ha i -f rmin°· and th I arnin ~ 
proce . " Th burnt child f ar th fir ," and n a pile will soon 
learn not to trike hi no aO'ain t t h gla in an aquarium. 

Memory i of th hio-h t valu in all v r brat in luding ma n, 
b cau it nable its po e or to profit by exp ri n , t thing. 
coming" and to mak effectiv adju tm nt b for th rm br ak or 
before a given cour of action 1 ad to di a t r. 

SPEECH. Whil all t he n uch a t uch t a tr, m II igh t 
and hearing are con tantly pouring t heir timuli into th I ra in , th 
brain also responds in variou ways, as by bodily mov m n t b) an in­
creased glandular secretion, or perhap by arr t d mov m nt with 
heightened int rnal pres ure. Finally, in the ca e of man , r pon may 
issue in speech or in it horthand record ,~ hi ch i called thinkinO'. 
Spoken words, considered as purely phy ical event are m r ly 11oi 
caused by puffs of a ir rushing acros t he vocal cord of the lar) 11x an I 
variously checked or oth rwi e modifie i by th action of th larynx 
tono-ue, palate, teeth and lip . 

The larynx repre ent a highly pecialized deriva tive of th com­
plex gill-arch apparatu of the fi h. The several bone of the larynx 
may b followed backward along the descending ca l of li vinO' v r­
tebrates to the corresponding parts in th branchial keleton of th fi h 
and thi is true of each of the mu cles of t h la rynx. Th keleton f th 
tongue i derived from part of the hyoid arch and of th m dian bar f 
the branchial arche . The mu cle of t h tonO'u are innervat d by 
branches of the hypoofos al, t he twelft h cran ial nerve, while tho of 
the larynx are upplied by t he tenth. It i not worthy tha t th am 
cranial nerves, the tenth and t he twelft h al o upply the tongue and 
branchial mu cl s of lower v rtebrat . 

THOUGHT . In neuroloo-ical t rm , t hinkin o- may b cl fin d a a 
more or less orO'anized erie of di charg , in the urface lay r of the 
brain, of the variou " a sociation ystem ," acting in uni on wi t h a h 
other; reacting to pre ent s n ory pattern but alway c 11 li t i n d by 
emotional t r left over from pa t 11 ry motor ancl a ia.t i nal 
discharo-e . 
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Due to these diver ely conditioned reaction established by past 
experience and habit, similar ensory-motor patterns do not alway in­
duce the same associational respon es. On the other hand, a character­
i tic part of a pattern of ten induce the ame re pon e a doe the whole 
pattern. 

Thinking involves a proces which may be compared with the pro­
jection of two streams of pictures upon the same screen.The first stream 
include such reflection of th~ outer world as are transmitted by th 
sen e organ and their nerves; the second stream is com po ed of the 
blurred, distorted images furnished by memory. The" creen" is found 
in the projection areas of the "association sy tern ," e pecially tho eon 
the frontal lobes of the brain. 

Thinking may be defined as the process of matching new sensor} 
patterns with the memories of past ones and of responding in different 
ways to identities and differences between these patterns. Thinking, in 
this sense, apparently goes on in all the higher animals, including man, 
and is developed with the increase in size and complexity of the pre­
frontal projection center . 

In verbalized thinking, which is peculiar to man, compl x sen ory 
pattern ar 0 repre ented by relatively imple auditory and vi ual verbal 
symbols. These symbols, through a series of historical events now have 
a more or les uniform ignificance to all normal person peaking th 
same language . Hence words are the currency of thought. 

In scientific thinking there is an emotional stre s or passion to 
analyze sen ory pattern , to make clo e comparison and mea ure­
m nts, to distingui h between symbol of identical whole and symbols 
of wholes that are uperficially similar but fundamentally di tinct an l 
finally to trace hi torical and causal sequences in all field open t 
human investigation. 

NEOKINESIS : ACTION CONTROLLED BY IDEAS . In the lower verte­
brate , as typified by the shark, re ponse to en ory timuli is laro-ely 
direct. A "good" mell in the water cau es the animal to turn toward 
the sources of th pl asant stimulu , to wim toward it and to d vour it. 
Memory of pa t re ult plays comparatively little part in modifying be­
havior. In higher animals, on the oth r hand, onl} 'reflex' act are 
fr from the restrainino- or ncouragino- infiu nc of m mory. Perhap 
all con cious act are " conditioned" by memorie or i l a , which are 
gen rat cl or conveyed by the complex a ociation tract of the nco­
pallium, or hio-her brain (Fig. 31 ) . 



H M A A A TOMY 

T h p culiarly human p w r f J h has made it po:-.:-. ihlc- fot 
idea to b hand d l wn fr m o- n ra i n g n nlLi n ancl to be, ln11lt 
up into y t m f ial n trol t hat t n I ithrr to C' n ourngP ,r to 
inhibit part icula r r t 

EPITOME 

THE RISING SCALE O'F LIFE 

Th exi tence of a ri ing cal of life ("l ' h 11 cl Atr . ' ') l a.ding 
from t h lowe t one-c 11 l or0 ·anism to man wa u p t cl by f 
t he ancient Greek and demon t rated by th naturali t 
teent h and ninete nth centurie , pecially Lamar k 
Haeckel. It r main d for t he palreontoloO'i t of th nin 
twentieth cent uries to di cover a long serie of extin t v rt bra fr m 
ucce sive age of t he eart h, fo rm which carry forwar l th t ry f th 

origin and ris of pr human and human characteri ti in an rel rly 
and well e tabli hed equence (Fig. 4) . 

The earliest known forerunner of t he vert 
derm , or jawle fi he , who e fo il remain are foun l in r 
Ordovician and ilurian periods; t he age of the olde t of th 
estimated at nearly fi ve hundred milli ons of y ar . Fr m thi · n­
ward the vertebrates are known from more and more branch . l\Ian:· 
of t hese branches became extinct, but others went on an l gav ri t 
new branches; both old and new branche together form th Tr f 
Life. The defini t ion and cla ificat ion of the c larger an l mal l r 
branche belong in the fi ld of zoology and palreont logy ; 1 ut a pr -
t ical knowledge of the Tree of Life i a nece ary prercqui it for rr ct 
appr ciation of the fo il record of evolution, from fi h to man (Fig . . ' 
2-1 , 36) . 

NATURE 'S "BASIC PATENTS " 

When ature at la t ·work out a new and u e ful m hani a l 
device in one group of animal and in one part of h w rl I, h b -
queaths this t reasure to th ir liver ified de endant in many Ian l . 
The " one-piece jaw" aro amon · the earlie t mammal f th Tria i 
age (Fig . 26, 27) an l wa tran mi t d with innumcra 1 m lifi a.ti n: 
in detail to countle mi ll ion of later mammal , in ludino- man. 
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Anoth r xample of an important 'ba ic pat nt ' i the neopallium or 
high r brain which likewise aro in the earliest mammal a a uper­
control y tern ( e Fig. 32) ; in the higher mammals it ha b come the 
organ of intelligence. 

Re emblance between relative i normally due to inheritance from 
one or more common ancestor . Therefore when two animal of differ­
ent pecie re emble each other in po sessing numerou "basic patent ' 
in common, it is inferred that they are more or le closely related by 
de cent from a common ance tor. 

MAN 'S HABITUS AND HERITAGE 

The later addition to an animal's capital tock of "ba ic patent 
usually fit him for ome special way of locomotion, such a climbing, 
running, walking, wimming, flyino- , or for ome particular range of 
food habit . The totality of the e newer adaptations i called the 
HABITU . The older adaptation , which he ha inherited from very 
distant ancestors, are grouped together as hi ANATOMICAL HERITAGE. 

Man's HABITUS includes his fu lly erect posture and all that thi 
implies in the unique details of his backbone, pelvi and feet. Hi 
habitu al o includes his enormou brain, hi dimini hed jaw an l hi 
power of speech. As to his ANATOMICAL HERITAGE, he hare a v ry 
great number of deep-seated anatomical and phy iological character 
with the anthropoid apes, especially the gorilla and the chimpanzee. 

THE PRINC IPLE OF CHANGING FUNCTION AND STRUCTURE 

Many of the mo t triking of man's characteri tics have ari en by 
"descent with modification" and through "change of function and 
structure." 

Thu man' skilful hands, with which he ha built up hi civiliza­
tions, repr sents the modified fore feet of remot quadrupedal an­
ce tor (Fig. ) . His feet , which are now o well adapted for upporting 
the body in an upright posture, have been derived by "de cent with 
modification" and through "change of function" from gra pino- oro-an 
not unlike those of the gorilla (Fi o- . 17, 18) . 

During such chano-es in function there are marked chano- in the 
relative izes of certain part . Thu in the immediate ance tor of man 
the thumb (Fig. 16) became lono-er, the hand wider, the outer t es 
(Fig. 17) horter, the f mur (Fio-. , I, J) longer, whil oppo ite chano­
took place in th orang-utan, " ·hich became hio-hly pecializ d for 
arbor al life . 
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