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. \ll\OI\µ: all the .rni1n,\I.· or pa t ;111d )>1'1' ('Ill tll<'n j 1111111 • 1 d, · ., Ill, c 

int r st .rnd ,lfl,l'li >n a: th ' hor .. It i. !lit· 11111 I 11 <'fttl 111 ti 1· d1111, l lf' 11111 1 

nn I hn: pla.,· I th larµ:l':--t part in tlw cl \'( lop111 •11t of 1·i\'iliz:iti1111 . 'i 111 ·1• th .. J 1 11 

or r ('()I' I t1 hist( ry th\ 1\\1\ll \\'ith tlw hrn-. ·( ha lit•( II i11 1111· 1111 1l'11111 " , , rr• 
\\'hdh r I a linir th militnr)· ('ivilizntions of IIH' pa I or 111<·:d i11g- ,r1111111l fq1 th. 
in lu~tria I civ ilizn tic n of th pre sc n l lh' piotH Prs and lc·:1< lc•r:-- of pn,~n· 11:1, .. a l" a 
ma l hng u:-- f this nobl .rninwl. It i: not too 1n11c·h to .1.v Iii.it witl11111I hi l1 :Ip 

ur an· ~t r: in th Id \Y rl I might hav adva1H·<•cl liut l1ttlc· f11l'I IH ·r 011 1l11· 111ad t , 
eiviliznti n than Ii l th inhnl itant: f tl c anc·i •nt :--<•mi-c·i,·ili:1.c•d tat<·. of 1'1•111 :11 1,I 
:\1 xie wh ,r th h r wa: unkn wn and tr:.n•pl agri('l)ltun· :111d 111ilit:1ry 111·1 ·1· 

)"t · y funaicl lhuman:trr11gt l1. 
th f,iw isofp 'c· uliarintcr •t Jt I oJH•oftlu· 

ma bin . f r \\ift ru xi:t among li\'ing anim·tl . a11d di. pl:t y 
t n th m fini:lwd Ill c·hnni. m adapt •cl to t Iii 

t rha mpl f what natur ading t hrou rh 111illio11 
abl in th " ·ay f adaptin a large· quaclrnp<'d to 

lon d" n likewi e xt nt to whiC'h man, during I lH· •w 
th ar t ontrolled 101 rn nt ha.' bc•c•n ab!' to i111pro,·1• 
u in th e of adapting it t erv mor , actly hi: cnrn purpo •. 

or) adaptation, co · · · : [ y ars, C'On. ! itu · t Ii 
· th h ord con ·k 1 t ns of h' . uc·c·c• iv• 
in h developmen Buri d in n ·i nt ri r l ' po:i , J>(' rific·cl 

and pr r d to our da:v in the . ucce iv · a tht>y ha\' b n cli c·o,·-
r d and di int rred thr u h h dilig n luri1 g th la t fifty 

y ar. 
Thi Mu eum ha tak n pecial int r v lution of thr hor: '. TIH· 

r ord of thi hi tory ar mo t complet ly pr . rv d in th w :t rn .... nit d , 'ta t •:. 
and through the liberality of the tru tee of th m ri ·an :\lu. um, an I in partic·ular 
through pecial fund provided b he lat \\~illiam . \Vhi tn y, by Pr f ::or IIrnr)· 
Fairfield O born and by other tru tee and fri nd of th ~ltv um , ~I s:r:. J am· I . 
Keene Randolph Hun ington F. K. turo-i and th r ,v hav btain d, from 
expedition , gift and pur ha e , man thou and p im n. f fo. :il I C'i .... , illu -
trating numerou ucce ive tage in hor an tr. ; and a uniqu . ri , illu--.t rat
ing the diver e breed of the dome ticat d animal n l h . trudur a11d growth of 
it teeth and keleton, o marvelou ly uited t it r quir m nL' . 

uch part of the collection a might b t rv t illu. trat th :ubj •d haY · I> 't n 
plac d on exhibition in the hall of fo il mammal.. 1 h s xhihit.- :hm,· 

1. THE Ev L TIOX OF THE H R EL·_ .... . T 'RE 

2. THE EvoL TIO OF THE H R , E XDER o~IE.· IC'~\TIC . 

The collection have b en gather d t g th r n<l rrang d un ler tht> din,c-tio11 
and upervi ion of Profe or Henry Fairfi ld O b rn. , ci ritific- dr:C'ript ion of part 
of the material have been publi hed from tim t tim 1 y Pr >f . :or ) 1>orn and hi 
a i tant and an exten iv monograph on th v luti n < f t lw hor..,' i now in 
preparation. 

A~IERICAN M EU::'11 OF X AT RAL Hr TORY, Jlarch, 1 1: 
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THE EVO LUTION OF TH E HORSE. 
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Part I. VOLUTIO O '"I H HOI 

B . D. atth , Ph. I>. 

INTRODUCTION 

A 8 t ti m ':ti ' ttninu l th . hor. ·< i.- to 1> • f< u 11d a li110: t <' \ <·r.1 \\' I"' ''" t I : 
.f-\.. mnn ··111 h-v . H 1.' :pn\nd all ovc r the· \\oriel fro111 f() rrid t, 

nr tie linH t .' in all th) contin \nt. ·, in r •111ot , oc·c•:i11ic· i. l:11 1(I. 
h i 111 1 1 r lit ( n. I ll t t .. a \\' i 1 d a 11 ill la l t I l(' I IC) r:c i. . l 
Jl' ntlimit ·11 tndi:founclthC'n cnl.\· intlH· o1c ·11 ari d 

l' d ia tn l fri"L '1h r ar•. 1\\0 p ·c·ic · · i1 1 
( E qu u · h m ion ll. ·) an d t h < 1 it t 1, k no , , 11 1 1 1, • -

(Equu prz al ldi) whil in fri ·nth n\ ar th , .\fri,·a11 
(Equu inu ) and th r 1 . p ·ic. · >f z \bra (J~q1111. · : rl,m , 

Equu burch lli Equu grevyi) . In h · ncl tl.'trnlia thc·r · an · 
n tru , ild hor th mu an· an l br n . h \ ... :t \rn I lain and 

ou h Am rica b ing f ral (dom · nm will) and l ·-
nd d from t h hor brought o r fr h \ad.\· \\'hit c• 

t 1 r . Wh nth paniard fir xplor rld th .\' f >t111 l 
no hor on ith r ontinent. Th Indian \ r quit unft miliar wit Ii 
h m and a fir tr gard d the ran anim 1 whi h th n w ·omc r.· r ><I·. 

with wond r and t rror like tha of th an i nt R man. when I yrrhu 
and hi r k brou ·h elephan -- th rth-. he ki110- 1 < a. t '· -

to fi ·h again th m. 
The hor i di tingui hed from all th r nim L n ''" Ii -vi1w h)· th · 

fact that he ha but on_ toe on ea h foot. omp ri 11 with tl r animal 
how that hi to i the third or middl di ·it f th f t. T'lw h > >f 

corre pond to the nail of a man or th l g r cat ancl i. hr ad-
en d out to afford a firm trong upport on ,vhi h th wh 1 we icrht oft h 
animal re t . Behind the" cannon bon f th f tar tw ,'lPnd( r lit t 1 
bone one on each id call d' plint b 11 . . " The: r pre.cut th 
econd and fourth digit of oth r animal but th v lo n t . how on th · 
urface and there i nothing like a p rat . 1

1 tlu t th hor \ 1nay 
b aid to be an animal that " alk n it mi l 11 fingrr nail all t lw ot h< •r 
fing r having di app ar d. 

The te th of th hor ar almo. t qu lly P. ·uliar. Th molar ar 
long quare pri m which grO\ up fr m th ·um. ,' t ·ta: tlwy ,\. •ar of 

on he crown . Their Tinding urfa xhil it ~ p culiar and c·011q Ii-
ca ed pattern of edg of hard n m 1 1 tw n which arr .· ftpr 1 ac·L 
compo ed of dentin and of a mat rial all l i rm nt ." much lih th< 
d ntin in quality bu formed in a diff r nt way. The dPnti1w i < rm d 
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FIG . 2 . EVOLUTION OF THE FORE FOOT . PRINCIPAL STAGES 

(Hight t L f ) 
l . F our-t E olt ippu 
2. E a rly t hor ,, Ep ch 
:3 La t r t l hors J/ Ep c-h 
-l . n -t o Equu : . ).I I rn 

.\11 u . i 1 vi w. :bo,Yin th mil ll an l ut r lio-it f h f r f t. In Eohip-
J>W, th tw ut r t : ( lio-it: IY an l Y) • r 11111 t . In Jf :ohippu ·, di(Ti Yi 
r lt1c· cl t a small ~1 lint an 1 ligit IY i~ n tt hi)· ::-;mall r than th mil ll di it. In 
Jl ry ·hippu. · Ii it Y i.· n tin)' n clul f 1 n an I li it IY ha~ rn v rr ·l nd r in 
c· mpari. n with th mi 111 lio-it. In Equ u. 1i it IY i. r lur l a 1 UCT 1 lin 
,Yhil of thr fifth licrit no trar rC"mnin. 



. id,·r:il l • 
11 1'111111 I. '111 I 

joi11I lH 11di11 , I 'l('I 
h1<·t· IJ('11d, lon\,U I. 
i11 \':1rio1 1. oll1<•r a. 
t I l( • Ii ) I', (' ; I I' I ( • I)( (. i H II 
\\ ,rt l' \IIJllil11J Cl\ ( r 11·11 rl ,ll 11 • 

0 rnun I. ,i11. t :1 ' ii. 1 P(h 

fit ( ·d for r 1 ri11di111 I IJf \11 

<rm ,-. • ,, hic·li 11 rnw ,,11 t 111· ()j> 11 

1 lain. 

'l h,rz",l,n a11d tl1 · 

a.·.· bav• tli· . a11H· 

l '·uliar . t l'll<' ur • c,I 

1 ·th alld fc •c t a t lu · 
cl m1 .-1i<· hor. c, a11<l 
liff N on ly ill t be• c· 1 n 

of th\ .·kin prnpor
ti n.- of \'Hl'l()U . P'll'I 

f th h ly 1<·. 

FIG. 3 . EVOLUTION OF THE HIND FOO T. PRINCIPAL STAGES 

(Right t o L f t) 1, Eohippu E n p ·h; 2, M ·0 /11 /J/J , ·, 

M erychippu , Miocene; 4, Equu PI i t c n and ~I lcrn 
Outer view howing middle and ut r di it . ~ T t pr gn~-- i, r lu ·ti n 

side toe (digi IY) from a well dev lope l ligit to a 1 lint h n 11 



FOSSIL HORSES OF THE AGE OF MAN 

T TIE ,\o· r :\I Hll, ( l' llHlt( rnary p :iriml i ,· th h .· t (_ nd by f· r th 
.·h )rt . t >I' th 0 T ·nt livi:i 11. · or g •olo i ·d tirn . It in ·l 1d : th 

}r a le(• ,,\g r aa ·ial E1 d (Pl 1 i. ·t · 1 ) wl n lH tl\'\' • n
tin nt· l 0 ·la ·i r.· ·on•r l th" nc rth I'll part: }f Lm l , ·tnd ~ y rth Am ri
<'t , au l the I ( · nt l•_J1 och, )f m n m le r·tt , ·li1uat luring whi ·h ·i,~ili
Ztl t ion ha.· nri. '( 1 l. 

In th nrly l art of the: uat rntu-Y l ri l ·will ,' I C} ·i ,· f 1 n: 
w n• t l foun 1 n evNy · ntin nt x · p .. tvtr· lit . I )m' in. 
t ru 1ntiv h 1..-· .· ha l n f md b 1ri l in :t ·ata f hi: a · in all p rt. 

f tlH .,.nit((l 1 -< tat ,· in h . lm in 1 xic o in E ·u·t l r, Brazil and r · n
tina i_: w 11 ·1 · in 1 ur I :i· and frica. 11 th :c hor: .: ,,. r mu ·h 
lil· th li, i1w ,·1 ·i ' n l m · f h 1 1 arc indu l) l in th (J Zrn.· . 

:\Ir. J. "\ . ~idl f h ricai :\Iu. · un · · n in 
n r h rn 1 1 l r f m 

quu. · .· otti in · ·it 
h m ·i-
1 l t hi: · u n try t t t l 

1 ·mm 1 un d 111. · h· Y 

b n p 1 l th ir 1 n 
nim 1 · fr m th l n :ti 
hi fly in pr por with j w 

rath d porti n to h b l-v. In h 
· f il h r r n r T "n z bra r th 1 

kn w n thin · lorino·. I ma T hav en trip l 
n l in thi, a " uld h v ry z bra-lik . · but th r ar , m 

r a. n . f r b li ving th tit wa n t promin ntl T trip l. Th l n are 
1 trifi l 1 ri tl c: ncl h a y th anim 1 m tt r f th b n h Yin · ntir l>· 
li Pl c r l c n 1 ha-vino· b n partly r pla l by min ral m· tt r. Th y 
r 1 mu h h, nge l in 1 r h w ver c n l ar k l rf tly 1 r : IT l 

that th y 1 k alm t lik r nt l n . 
11 h r lll' in f th ' llc .. \Yhi h l . y 11 f und in 

a h " b rifi l m rn11 t :.ly. Thi. m an. tlu t 
h :v h Y n l uri l f r many th u:an L f y r, , f r tru I trif t ti n 

i. n xc lingl~ . Thi. n li ti n . rY ' t an t :-- , ,. m ·rn f 
li. tino·ui .. hino· th m fr m 1 n · h r: , f un l 1 ll'i l in 
h , rth. Th m t in · ny · ·1. h(.w l n buri d f r m r tht n 
hr rf u· ntu · lrnT n t ha l tim t p trify. 

f t l il r m Yari 1 1 ar :: f th -nit d 
11 y l')" 

,..i l rara Riv r in ra. k·:t, ·rn th r i ... in 
r t t th , n l l n h·n- l n f uncl in 111111 

n th 
pt-

n · r 
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hnrl :t ll, ~' uth 'nr>lilla· >lh<r :pt<'illHtL ' have· c·o111c l'rntn c·c•11tr:tl 
J 1 ri ln, fron1 :< uth rn T< .·a: ,\riz >na I y· n:a: Loui: ia11a a11cl ·vc·11 
from .. \ln:kn. '1 h y ar inf, d : rt 'll l'oun l in clc'po: il.' ol' ri v •r.· a11cl 
In}- , r th 1 n .. l er > l )O'i · a 1 ( l l h ( l h I l 'i.-t O . 11 ( ) l I H t t } H' r () I'll lat i () ll 
in th ,, ... ·t rn l .. 'I tal \' ha. · mun of Equu: 1 c·cl:. 

In ~ nth .. \m ri n in :train< ft o ·h the r oc·c·ur.·, 
l ~~,i lts .: Y ml · · th g nu: Equus the JJ,£pp1·r1 ;u111 ~ 

r ·ulin r kin l f nt t riz 1 b ncl f d nd :om 
·ulinri · 1uzzl c n l . Tl leg: , r • 

hnrdly n hil 1 h t of , 
rn d f th d n 

·11 , bot uh 
"\"\ hy " d n t 1 n bl tha man- h 
pr hi t ri hunt r - pl d · · ir 
n t in , killing th m a inu 1 hunting nd 
h i1w dri ing th mfr m t t r and int rf ring ith 

th ir habit n l ppor uniti for grazing. Thi p r cuti n would t n l 
th ir numb r and vigor, and b th pr lud to th ir xtin ti n. 

titian with th bi on which had r cently migrat d to Am rica, 
may mad it mor difficul han form rl for h Am ri an 

li ing. nd finall o · · di prol ng l 
·ht m xt · h ra . What v r h au 

th ad di ap from World h nth v hite m n in-
vad l it (unl a f , individual till lin r d n the r mot plain of 

outh m ri ) and in hi place h bi on had com and pr ad v r the 
pram f th orth. 

Fo il hor ar quall mmon in th Pl i to n forma i n of 
th Old World. They have been found in all part of Europ and ia m 

orth and outh frica but no in u trala ia th Ea Indi or 
Mada a car. In entral ia two wild ra e p r i t to th pr nt d T; 

oth r w re dome ticat d by man in the earlie t tim , and h ir u . in 
hald a an l Egypt for draft and riding i d pi t r1 in h an i nt mur l 

painting . In Africa the larg r pecie b cam xtin in pr hi toric 
time , a in Am rica, but the maller zebra till urvi in th uth rn 
part of th ontinen ( on pe ie he quagga abundant fif ar 
i now xtinct), and the African wild a i found in h faun 
north rn part. The wild hor e of prehi toric Europ , a m 11 rac h r -
legged and haggy-hair d, wa dome ticated by man, a fa t that i 
kno n from th rude drawing ratch don bon or ivor b m n of th 

eolithic or Poli hed tone ge. But the dome icat d hor'"' no in 
u e ar derived chiefly from th A iatic and African p i 1 althou h i 

1They are probably derived from three different wild ource which Profe or o ar Ewart has 
called the Forest Type of orthern Europe, the teppe Type of Northern A ia, resembling t he Prze
walsky hor e, and the Plateau or De ert Type of orthern Africa, resembling the rabian- H enry 
Fairfield O born . 
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i.· pr l all that in .·omc Im; cl · tl r 1. 

·hagg ' .·hort-1 gg \ l Europ an ra . Th 
· • 1 d· ut < f th \\ild ·v.· (Equu.· a. ·inu~ f 

:t r· in of hi. 
l a:. i. d -

THE EVOLUTION OF THE HORSE ,-rHI~ lu.·:1or of th lu i n f h h 
P ri l r g of M mm h 

hr u h th 1 r 1 r ~ 

kn n i 11 u. r · f 
the doetrin f ur · · n 1 th 

·t h J tuti n of a r· ' Th n 
f · n il ha. be 11 tra 

u a:ingl imp r an br ak. During p l 

Lt n arl thr million of h - · p u · nt 
·h n(Y : in all p r of h bod . 11 . 

d pting th mm r and mor p rf 11' 

n · n 1 th p n pl in of a gr a pla u 
. tun l h rbag , hi h i the natural habi a 

In h n f ance tor of th hor 
luti n f ho marked p culiariti oft d 

th m d rn animal from an ance tor which o Ii 1 

ith 

wh n i r main w re fir t found forty y ar ago j i wa 
gr t pal ontologi t Richard Owen, the Hyracotheriu 

t. I r lation to the horse wa not at that im u p Pr -
f r Ow n , and wa recogniz d by ci ntific m n only w 
t h in rm di betwe n it and it mod rn d n 
di r hand thi fir t an tor of th ho1 · · 

rhin 
fr m 
m d 

n 

ingl 
f lif . 

li ingui h from h ont mporar n nd 
l · · how all th ' TI u dru v div r d 
p a h b oming t th n d.. f it p i 1 

FOUR-TOED HORSES 

known n f th h r mall ·rnim 1 n 
n h do · · hf ur t n a hfr 

nd hr on i . Th r 1 b li th t 
all th r 

h r may ha 
n rudim n r pr ing fir t r 

t humb · r app ar d n t 
hind f imil i· rudim nt r pr 

f t 1 , hil in th 
nting th ut r r fifth di it 

11 is sh wn in :\far h \ w 11 kn wn diagram; bu th r i n n lu iv Yid lH' f it pr n 
on an.,· p im n y t f un I. 



/ff()/_, l ' 'f'/() .\ ()fi' 'I /18 II JI ,' /~' I .\ \ . I '/'l 'HI~ 1.-, 

:.lll l nl , n tiny r llll\ i.l nt >f th inn rnw:t or fir ,· t di<rit. TIH· prnport1C)l1 
of th : hill, th ~h rt n <'k an l nr ·h l I acl · and the lint! >, · of lllod •rat c• 
l 1 wt h , w r • ry li tt l \ h r : di l · r ('id li n ., on t h <' o n ( n ry . ·on H • n Io cl c • rn 

·arni , n tv n ninrnL' :1 ·iall. th ci t.- (l i errz'rll J • 'J h< t <·t Ii \ re · 
, h rt- ·r wn i an l >, r d \,ith l " r rn l l kn b. · >f c•nn,1} ('] : ug rc•, ·t-

inO' tl , nkcy,' and f piiv r th · ninu I.- hut not t t 
nil Ii ·- ·r "n d e mpli" t l grind r. f th hor: . 

1w with h Hyr th rium h n r C'Og-

niz i fr m · ~ n · rm ti n i I < < I u-
ti n f · t i d rn f rm, nd a ri: i · f 
it p rti i 1 h rizon. om of g . · untl in 

1 , rld bu b far h m b 
fr m h T r iary Badland of th w ni 

m in lin of n which 1 d into th mod rn h 
th r w r v ral collat ral branche which ha v 1 ft n 

Of om all part of th k leton ha v b n found· 
h jaw or jaw and f t, ar known. W an m nti n 

onl he mor important tage . 
1 and 2.1 Hyracotherium and Eohippus. LOWER Eo E E. Th 

Hyracoth rium i th mo t primitiv tag known, bu only the kull ha 
b n found o tha i ha. not been determined exactly what the f wer 
lik . Th h di play ix rounded knob or cu p on the upp r molar 
nd four on th low r on , and the are ju t beginning to how ign of 

fu ing in o ro -er t . Th premolar t th have onl on main cu p 
x pt h third and fourth pr molar (n xt th molar ) in each jaw 

which hav two and thre , re -
pectively. The only pecimen 

which have b n found w re in th 
London lay or Lower Eocene of 
England and are pre erved in h 
British Mu eum. 

The Eohi ppus i much better 
known. It comes from the Lower 

Fig. 4. Eohippu . Lower Eo n . 
pper teeth, natural iz . hort-

crowned t eth n m nt, pr m lar 
impler and mall r than molar 

Eocene of Wyoming and N w Mexico , and i v ry lik h H yracoth rium2 

except that in Qome pecie the molar teeth hav t h u p mor 1 arl 
fu ing into cro -ere t ; the la t premolar i be ·inning to look lik on f 
he true molar . The fore foot of thi animal ha four om pl t to . Th 

hind foot ha three complete toe and th plint of t h fir t and fif h 
digit can till be detected in some pecie . A k leton of Eohippu 
wa found by Dr. J. L. Wortman in 1880 in th Wind River Badland of 

1These number~ refer to the stages in t he direct line of de cent of the modern hor e. 
2It is doubtful whether it i a di t. inct genu . 
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w·) 111i1w. a11cl w~ l, cril 
r · nt 1~ th _. ml) . k l ·t n Im \\'11 ( f , f 
t( th· ·i•11tih·,, >rll. Itwa 1m·ht 

i1 1 w· until 
r . t l1( l i w , 11 kn "·n 

l b)· h _. ru t '< f tl Am ri ·t n 
. Iu um ill l l '. l an l i 11 \\' n xlii l it i< 11. 

• • I ·on l l· ·l t n r llll 1 l y th . Iu llll XI diti 11 f 1 1 ' i f a 

brg< r . l ci . , l ut n t a h·an · l i1 ;_ ny h r r J ·t. I i rn un l in · 
n zint attitu 1 1 • 11 l n rnl · 11 f 
oh ippu .· m r truly tl, 1 .• thir limp n . 

. ·nn'd in L 11 i.· int r :ti · tiny . 1 lin 
lio-it f th hin l f t, in li ··1t 1 l"' in 1 r 

t ct uall)· f un l 1 f r . 'nd l :kull., j w~ n l fra 1 1 n 
l n : d th u:an 1: fin liYi lual · haY l n f un l i1 h L '" r E · 11 

f rm· ti 11 • • 

Orohippus . Ii thi. 11i1 • l th :plint. th 
fir~t , n 1 fiftl li i --- t h· Y li. pp l ut t till 
f ur · ml · 1 hr i1 th hin l f t. Th 

r ~t~ nth 11 l' l th la _t pr 11 h ie 

, lm . t lik th m lar ,Yhil th 11 xt t th 1 ._ l r m la1 · · Y 

m h rif rm. . . 1 f rohz'ppu.·, li Y r l by ::\Ir., ~a r 
f th ~ Iu. mn xp liti n f 1 , in th Bri lo- r Ba 11· h-

'" t rn "\Yy ming, i xhi it d n xt t th Eohippu · . k 
an · nimt 1 f tl ,iz f" mall l · an 1 pr r rti n 1 mu h lik 
kn "·n · ,' th ich i1 p t. 

h r hz'p J u -. w <- f al out th 

rohippu" . . 
natural ~iz . n l 
m nt, f urth 1 r m lar lik 

Ill Lr 

F · E pihippu. . n . 

"C"m 'n~ tural :ize. l l 
t h, n · m nt, t hird , n l f urth pr -
m lars lik m lar" 

~am 1z an l pr I rti 
f th · an 
luik rl tlophu.· . "·hi h 

liY 111 th f and 
1 ru---h un ~ 

. fri · . · 11 l h· Y o-· in l th ir 
nam fr m h 1ui kn :-- "ith 
"·hi ·h th y ·· n liY r ·· lu k" 
int th ti 11 Tt :- . an 1 jun_l n 
h t I pr t h f 1· n r. 

Epihip p us . pp R 

f thi:-- ~ta ,.... f h 
l 1 i n f th h r:-- nly in-

n n lu Y 1 n 

h t th h·n- th 
n r un Ill -

1 1~ l i 
· n th r t th f th pr m n h m lik 

th m h rs. Th t C, ar , till f ur in th f r f t ·rn thr in th hin l 



I, 
f < t, l ut th <·t ntrn l t < in :tC'h l'oot i.· l <·c·o1nin° tllll C'li li11· 1·c·r 1!1:111 tlH· 
i I tt : . 

1 al colh 'J'l l(JJI :lll l 1 luu iolo1>h u.· ( r th \ l'J p )' J•.,oc· ll \ or b11· >)>. 

I' wm n ~i I l rnn ·h < I' th hor: lin . rl h 'Y \\' n vc ry abunda nt in 1 ◄:lll'opc. 

hut h~n· n) l (( n ft un l in th , ...... <\\' \ \'or1d. n<' ol' th . < an i1 11a l. wn 
th ud1t 1 >. Ir r \\' r Ilu.·1 >. to l < n lir d ·uH·<': lor of th ' hor. <', hut it i.· 
11 " . • m~id r d t h rn r 1)· a c )llat< rnl n latiY<' . 1 

1

0 lll , : pc <' i<•: of 
1 ala th rium \\" r f larg :iz 1ual t a ta1 ir. '1 h '>' \\'( n· fi r:t ck
. ·rib l in th y nr 1 l y th ' cC'l l rat l 1 ar n un r frmn n•rn, in : 
f nm l in th gyp. um quarri . f ~I ntm c. rtr Pari: . 

THREE-TOED HORSES 

t nd 7. Mesohippus Miohippus. LI 'L .,. E . In t l i.· 
"' ta · th r c. r thr t t, an l plint r pr . nting t h fift h 
li ·it f th f r foot f th t . Th mi l 11 t 1: n w 

mu · th nth ·hi h b ar v r r litt . t f t h 
of th pr m lar h -v nmY b om · · m lar 

t th , th on th rown ar com pl t ly f rn ut i l 
· 11 th upp r n th hap of h In th 

L w r and Middl foun ·al p . JI ·ohippu 
m . tl ,. f th iz entecl by two mount cl k 1 t n. n l 
-van u kull ja"· an l fe t. In th "C r · n o cur Jfiohi'ppu 
int m zediu. 1 a h p f which n i xhibit l in th 
p -vilion 1 th r f r mall r iz ar r pre-

nt d by kull and jaw . 
Th f k in th pavili n ca how in a Y ry trikino· 

" ·ay th t ad ,. increa in iz from th Lo" r ocen to th Upp r 
li 0 ·ocene and he r lu ·tion f th .__id t . with oncentrati n of th 

'" ight upon the middl to . 

Fig. 7. U esohippu . ~I iddl Oligocen . -pper teeth natural .. iz . ~hort-
crowned t eeth, no cemen , econd third and fourt h pr molar like molar 

a. Anchitherium and Hypohippus . ~Ir EXE . .A. nchitherium, 
ha been found only in Europe an l i till Yery in omplet ly known . I t 
i much lik M esohi ppus but i larger and ha the er t of th t th om -
what higher and more complet e. H ypohippus i off the clir ct lin of 
le cent· it t eth are like th of A nchitherium b which nam it ha 



· iK d h r , (JI ,•ohippu ba irdi) fr m uth 
Da ·1. iu um . 1-! 2 

r~· (Eohi 7)p11 v nlicolus ) fr rn th L w r E n . m nan 
~Iu. 4 : 



~ . 

FIG. 9. SKELETON OF THREE- TOED DESERT HORSE ( ll ippario11 u•l11l11t·u1 l 

From the Upper Miocene of South Dakota. American l\luseum Xv , 

-

l~ , 
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l> ( n g( 11 rail)· ·alk l. 1 ut t l < auimal \\'i.: 11rntl l· r 11' c 1n· lliug a 'I -
1t n l J rn) · i ll • i z . .. \. e lll J l t .J~ c 1 < ton f h Hy p oh i pp u. · ( .-h w n in 
wall ·a:c mv r nrnd n ar I awn B 1tt 1

: 

1 1 r l in 1 1 l v ~fr. 
Barnum J rown, of h Yhj t L . T .·p clition. 

Jf ypuhip/Jll,· fir:t HJ l ar: in th :\Ii ldl ~ Ii JC' 1 11( an 1 :urvivc· · 1 n 
with1 wr i.l<IYm1 ·c·d .· tag .· ft} tl r -t lh r: .· . Iti.· alc:r 1 ran lm r 
h ttYil. · prn1 >rti m 1 anim·tl · the wid flat hoof.· an l .·tr ng , i l 
-' nab} d it tc tr 'l l on .-oft T tm l an l 1.h t \ th ' r fitt l f r 1 r w ·in 
mthcrthall grazin ·. H nc con.·i l · l fr 
a for \ ' l , ]if( an l ha.· nan f Tl 
r :tor·lticm ilhvtr·1te: thi · · n. 

an l . Parahippus. ... n ara nppu 
ar' ,"Om what 1 io·h r n l · 
1 ·inning t 1 h 110' p 
in id th ut r pair. In , h 

n l ba. f th f on th . urf 
f th narn l. In ' · · m unt 1 u 

u . u 11 it i r thin n h n ilk t th. Th 
f t ho" a id l a · t · 

tl . . 

p 111 tl . . till 
furth r r lu · · · nodul f n . · 

an l in 
t n 
vn 

ror tion . I ur-

1g. 10. Parahippu . L · . 
pper t h, on -half na ur -

er wn d t eth, trace of h 
t th are larg r than in JI e ohippus [ he 
drawi · maller al 
< Ii tl and the i 
l gin 1 hano- t 

ont mpor ry of th 1 
hor 

10. Merychippus. ::.\Ir DL 

Ir E. Thi 
th tran ition b tw n 
h rt- r \Yl1 l t th ,Yith ut 

m nt and th 
h m nt 

d 

la a· . h p rm 11 n 
rn 1 r ar int rm di t in 1 11 ·th 

f r \Yl1 , and quit h · 
m nt l. but th n ilk 

n l ·111 l h . r 
n m nt · th y nr n t a. ily di."·tingui hal 1 fr m th s f P lrahippu 
11 :i l t .- ar :1 n l ran l n 1 ng r r a h th T un l · in : 
h y ar alm cl t 'l lint. ·. JI ry hipJ U/ is m 

~ Ii l ll '- n l lat r :\Ii · n n l many . kulL , j ·1 ''"· an l i1 k 1 -
1 h in l in m 11 'ti n. , : m f ,Yhich · r 1 l· l n xhi i-
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ti IL rl h .. \' l'_\' p rr ·t .. , '('illl 'IL ' .- ho\\' a\' :ti(j'' of tlH• fil'tlt di rit in 
th r r f) t :till pr .. IT l :\.'.\, tiny I} lul ' of hon(• at th· lmC'k or tlt P 

wrist. 
l l. Hipparion Protohippus nn I Pliohippus. C PPEit ~I ion~ · ,., 

.\ D PLI 'E TE. 'lh . thr ·l>: 1) r ht l o-<'n n npr :<'nt th • lat .-
f t hr -t l h r,: : b f r w r r ltH· d t > • ·plin t .. 

Th t ar 1 no-- r wn 1 b th milk 'n I J 'J'llU rnnt tc th h inr 
h . Yi 1 y 11 n l . 'I h r fir .. t 
app nr in th :\Ii · fr m ~Iicl<ll l 

Ii n . I rychz'p b r th l C'' uti-
fully pr , IT 1 n f Hz'ppan·on hitn yi fr m Littl) Whit River 

io-. 11. Jlery hippu . Iiddle 1iocene. Tpp r t eth, one-half natural 1z . 
:\lod rately long-cwwned teeth, well c m nted 

uth Dak t found by l\fr. H. F. W 11 f h Whi n · xp dition of 
1 02. Thi xc p for th v r larg h ad, had th r c ful 
nd 1 nd r proportion of th ant lop but in Protohippu and 

p i 11 in Pliohippu th k 1 ton approa h d mor n arl th to ki r 
pr p rtion f h mod rn hor . The H ipparion whitneyi i r ard l 

or O born a fitt d t li in a mi-d rt oun r nd in 
on rat o th Hypohippu i all d th ' hr -to d d rt hor . 

The r toration d pict thi adap ation and nvironm nt. 
In thi tage th rown of th upp r mol r hav b much 

long r h , o pair of er nt on he upp r mol r ar , ith 
wo half- epara d u p wi hin th inner p ir. And th w n 

th re ar ompl t 1 fill d wi h c rri n o that v ith th w ar f th 
ee h he edge of hard enam 1 are back d in id by d ntin and out id 

b cement. In hi way th urfa of th tooth ha a f nam 1 
ridge alwa projec ing a lit le abov th grindin · a u th 
oft r material on a h ide, ar do n into holl , t n r 

off b cau e th y ar bra d o thoroughly on ea h id . Thi i 
effici n in trument for grinding hard gra . Th crown of th h 
in the e Mioc ne hor e ar b no m an a lon · a in th m 
th mu t th refore hav worn mor lo, 1) or w rn out t an arli r 
ag 

The fe tin the. g nera ha e but one o touchin th round. Th 
ide toe ( nd and fourth digit ) are compl t , but mu h mor 1 nd r 
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tha11 in th arli \r .-tagc•: a1 d t n 'lJ J ar )ntly u · 1 ,·: ,· .· th y " nu tr · a •l 
th O'J'<t11d. fo .-on1 :1 ·cic.\.- tl ylav ·hn :t li:·r1 tr l. 1h r 
f r th .- Cp1 r :\Ii · 1w hor: .· .-till r tai1 th tiny 1 l 11 f b 1 at 
th la ·k f th," kn < ' th joint that ·on<','J m d: t th, w1i.· of· 11 an ), 
whi ·h i: tlw la:t r nrn·rnt )f tl c fifth ligit 1 o,·: :: ,c) l y h 
an ·c..-t ff:. 

11 ip porion i: ·omm n in Europ t 11 l .·ia ~ : w 11 . rn ~ • r h 
Arn ri(',, but lrot hipvu · ·rnl Ph hippu· c.r n f u11l in th ll 
'\Y rld. 

l◄ i . L.. Hippnrio11. Low r Pli en . ·pp r t e h n -half natur. i . 1zf>. 

L n -er wned t th, h avily m nt d 

ONE-TOED HORSES 

12. Pliohippus. In om of Pliohippu 
1th u h n t in 11 th till furth r t 1 r 
plint-lik b n hi h ar within h t 

t ha ing 1 app ar f t 
Th plint i n arl r a l n · a ann n bon mu h l n r th n it i. 
m quu . Tw fin . k l t n of Pliohippu in th 1Iu um 11 ti n~ 
(P. l 1·d_yanu adult an l P. lulhanu y ung) di irablY illu tr t hi 

1 Th T f m what lat r l · ban th Hippari n 

n nd n th mod r11 , pr p r i w· an l 
n u l tail of tru tur . Y t th lik f 

Ph h1'ppu in whi ht . t . th(. 
in th u . Phohi'pp?.l i tr 11 i ti llc 1 f 1 

t to th t 111 f th lat r f 
Hipparion h r 1. __ 11 pr f f i 

13a. Equus. . TT. Ii tl i tn f h 
m l rn h r .., th · ly di ap nt d 
l y 111 er· t ly l · n t an hi n f 

n th f r f t f th littl h in pr Yi u t-t 
r main 

nt 
th fifth digit " ·hil f th ,nit th "tr· zium,' 

1Pliohippu. wu d ~ni · - Pr ).I ,., a or · 
p im n d n t pro\' tha W<' in nt . d 

H . J. okandl Hibv:E.l ·t lu a o 
h m . a ' parnt tag int f th . vi . 

l 1:~. thi,- ~tag wa:e- not d i,-. , . 'On pr n nd. 



:dw:l)' · 1 r .- 'llt in 1 h arli r . tau • hut pnwn . i\ l . . 111allc·r. i. 1H1\\' 

.... ll rally .d .. nt ntir ly. '1 h l'r \\'}}. ' )r th t (th: l'( lllll ·h 1011 rc•r . :u1d 
r tl w h: lf- · 1,nat I inn r · lun111. · >ll th UJ p •rm Jl:tr. orH· l1a: 

li ·.l, 1 'll' d th >th r ha: in 'l' t.'( d in :iz : n l C'hanrcd in ronll. 
'11 :kull hn: l 11 then l an l th t nirn: 1 i: n1u ·h lar r(•r. 

It i: w 11 r Jr · nt I nm 1w th f)::il l r:: l y th< :k< l ·ton a11d 
.·kull: f l~quu.· .·c tt i nlr ·1 ly n ti· l an l by .+ull. ·. j~ \\'.' and t<•C'th of 

th r :1 ·i : fr m Y~ ri u: 1 ·ali ti : . 

' i . 1. . Rq,w.. Pl i o n . rpp r P h n -half natural i1. . \ r:\' l()ilg-
t' r w11erl t .th, h a,·ily r m nt d 

13b. Hippidium, Onohippidium. PLEI TO E ·E . o TTH rnRr · . 

Th f t r lik th of Equu xc p that th ar hor and t ut. 
Th t lik th of Pliohippus from which it i upp d b 
l nd h kull i larg and lon v i h v r long 1 nd r na al 

A a t of th kel ton of Hippidium pr nt d b T th Mu 
...... a ional f Bu no r ntin R publi 1 on xhibition. al a 
. k 111 a f Onoh ippidium. 

CONCLUSIONS 

THE E are h principal tag in th lution of th mod rn 
hor from th lit 1 four-to d Eohippu . Int rm dia b tw n 
th m ar num rou min r tag th arli r p c1 f 

b in mor primiti th lat r p ci more ad an d. T 
upp r molar t eth hown in Fi · . 19- 20 how n wid cliff r n 
on tage to the n xt. But b w n m t of th m veral int rm di t 
pecie ar known. Thi gradual chan i n n t merel} in n or 

f w el t d part but in ev r bone v r tooth v r p rti n f th 
k leton. El ewher in th hall ma b found imilar althou h 1 m-

pl t ri leadin up from animal clo t Eohippu · into th 
mod rn tapir and rhinocero . Th con lu ion i una oidabl that h r 
rhinocero and tapir thr e rac wid 1 cliff r n to-da T ar l ri d 
through pro re '-Civ hange from a common anc ral t p . J....,, w. pPcie.· 
ma ha appear d uddenly but th race in it 1. road r lin i th 
product of radual volution and diver race ma T b tra ba k t 
more ancient common tock.1 

2, cientific critici m of " D arwini m" are concerned with the way in which n w pecie ha,· ap
peared, whether by infinite imal gradations or by finite "mutation. , "appreciable although u ually mall 
- t p . The broader line of eYolution are not affected by the e critici. m . 



.,,, 
FIG . 14 . SKELETON OF EXTINCT AMERICAN HORSE (H,,11111~ ,'l1'flfl il 

From Lnwrr Pl r i~iorrnr of Tc,,ns. A n H'rn•:1 n ~ l 11 80.11m No. lOHO~ 



FIG . 16 . SKELETON OF SHORT- LIMBED HORSE 1/ ippidium 

From PlciRtoccn0 of Argentine Republic. From a rnst in the Amcrirnn :\lw:;r11m 



mull 4 -To d H ors s mall.J-To d La r £ 3-To d lar1c !-Tod 

A OF MAMMA LS 

0 I l o c 11 ~ M, o c n. Pl1ocu1 

--•-- - - - -·( l.. ~ rope ,.1111 .f.)o,t Am r r,lc ) 
I I 

------- - - - • - • · -( I (} r I lz J 111 r I c t1.) 
' I 

· - - - - - - - - - - ' -~ - - ( o r //, A 
1
m ! r I c a) 

...... ( I-) N tsOhtppu - - · - - - - - - - - . - - - _ - - Nor I h IA I er, •4 

I ', I 
cAitA rtum { urope. a,,1 M rllz Ame.rtca 1-:!>,- - -~ 

I / ' I I 

HyjJOAtppus .(No,/ Ammca,As,a and lEurope)-' , I ..... __ ..__ 

Paraluppus - - - - - -- -( Nori/. Ame ) 1u1.) - - - - --'-111---~~ 
I ' 

u ydlf)p.1s - -- - - - - - - - - ( Nori A mertca)- i -~-· ----~ 
I I , \ 

Protol,ippu - - - - - - - - - - -( No ri(' America.) - -1-- - -;.,,:..,__._ 
Pl,olzippus - - - - - - - - - - --(No~lh AmutCa)- L - - ~- -- ---- I 
H1p;:ud ium. - -- - - -- - - - - . - - --( Shut/, Amer,-ca/- -- ~ ·- - -

1
- - -- -- ~ 

noh1ppidiu - - - - - - - - - - - - - - ( i ou th A me rt ca~ - - - -\- - - - ~ - - - - - - '\- -

Hippar/on --( or//, Amenca,Asia. , Eur 11e. and Hor/It A.Inca)---------~-
I r , . 

E uu.s ( ortn and Sou//, llmaica Asia, Europ t. nd Africa) - _' -

~ i . 1 . ieal 
J "iti n a nd 1 
g nu in th uc · : iv 

phi al ran ~ t r ' f 
k lin sh ''" th 
h , whil th 

r lati , a undan . Th dot ting lin . ,Yith a rr ''"· th >. 

MEANING OF THE CHANGE IN FEET AND TEETH 

A LO ·with th · p aran of th id t in th voluti n f 
j-\ th h r t a id ra 1 inc in th pr p rti t 

1 of th limb ially f th 1 w r rt f 
f ot.. rf f th · · fir t m 

k t kind hi h allo,, ti n f th limb in · · , 
k 1 d nd roo, d lik a pull y-wh 1 p rmit · 
and ba k~ ard but lin iting th m ti n in 11 th in r a -
mg n id rably th tr n th f th j int . BY thi m an · 

moti n Y r r urf c 

u h r u n d Ii r t rik-
Y ri l purp h th f ~d tyl 

d 1 ngth in th 1 
th . . 1t i . q . 

1 u r nd t i 
J aYity f h liml 
th wm . t c. n l fr m t l k t n c. rly 
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:-,p l ( r tlw :winµ: is n ruln.t ,cl I)' the di .· t:lll('{ or the ('( ' tltr \ or 1 1':l\' tl _\ 

fr m th l int r ntta('hrn nt n. · thnt of a JH'ndulu,11 i.· l>y th · lie igli c,I 
th l l. l > in ·rcns th 1 nµ:th >fl<\\' r h(J' and f H>t the r for<' ,rj -. · the · 
nnirnnl oT n r :1 ( l; but it Jut. · nn in<'nn.·c d :train on th< nnkl< : ~ 11d 

t )( -j )in ts :. n l t 1 c ,· nnd, h' :t r<'ngt lH'tH'd c·orr -
, I n lin 1. r 1 n c rting them from l all-~ nd-

. k t j int.· t gingl 1 m id )l' pull joint : . 
l liti nal , tr n~th lik wi: · t th 

f fl ibilit r i l in l l h 
tin f h w l n . f h 

( uln nd r diu ) n l f 1 g 
th (tibi n fibul ) 

haf of th pr ·
di app aring whil it. 

om fu d olidly t 
it larg r n ighbor . 

The in r a m 
l ngth of limb r n-

der it ne ar 
for h grazmg 

animal tha 
the h ad 

and ne k 
hould 

FIG . 17 . EVOLUTION OF THE FORE LEG . PRINCIPAL STAGES 

Equus, M erychippu , Mesohippu , Eoh?'pp u ·. 

In the four-toed horse (Eohippu ) the radiu and ulna are eparate and their 
2hafts of about equal ize. In the earlier three-toed hor e (M esohippu ) th ulna i 
eparate but it haft con iderably reduced. In the later thr e-toed hor 

(M erychippus ) the ulna i partly con olidated with t he rad.iu and it haft i 
reduced to a thin thread. In the one-toed hor e (Equus) the ulna i mor complet ly 
con olidated with the radiu and it haft ha entirely di appeared 
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F ig. 18 . EVOLUTION OF THE HIND LEG . PRINCIPAL STAGES 

~q1111. ·, Jf l'!fchippu.· , JI · hippu. ·, ohippu. ·. 

In h f ur-t l h r: : ( ohippu~·) th fil ula i. mpl t ·rn l :-. 1. rat fr m 
th til i,. In h ·uli r . (JI ohippu.·) i i " ry . l n l r, an l f 1 

wi h h tibia fr m al f th . h, f l wn. In h ht r thr -
h r:s : (JI ry hippu. ) t fit ula i. in mpl t ~ n l I th n 
with h tit i~. In th n -t l h 1" :s ( q11u.- ) h 1 \\. r n l i. m r th )r twhly 
unit l . < n~ to h in li:..;tingui .~ hahl fr m th ti l in. 



E \ >I, l ' '/'/() \ W 'I'll h' /f()ft , '8 / ,\ \ .1 '/'l Ji>/t,' 

Fig . 19 . EVOLU
TION OF THE 
TEETH. EARLIER 
STAGES . nd 

T pp r 1Iolar (R ad 
up) . (1) Eohippu ·, 
LmY r Eo n · (2) 
Orohippu , ::\Iiddl 
Eo n · (3) Epihip
pu "Cpp rEo en ; 
( 4) JI e ohippu 
monlanen i Low r 

ffJ 

li ne · (5) Jf e o- ffl) 
hippil bairdi :\lid- • 
11 ligo en · ( ) ' 
Jfiohippus -PP r Oligocene; (7) 
Parahippus Lmv r Iio ene 

Fi g . 20 . EVOLUTION OF THE TE TH . 

LATER STAGES . 1' ('()ll<I l PJ><'l \l1>l :11' 
( I ·~1<l lip) ( 

\f r,-yrh,,,,,11 ·, 
.\ I idd I · .\ I 10-

c·c•11 • · ( . II ,,,-
pn r io11, l ·ppN 
~I i()('('ll('; ( ]() ) 

Eq,rn. · .·te11ofli.·, 
I Ii )<· n , (I l ) 
Eq,rn.· ,·0111 pli-
calu.·, l i:to-
c· •n · (1 ) Equ11 .· 
cnballu.· th 
mod rn h r: 



. \.\/El I '. LY .\ll\'EC.\f (,'Cll E LKlFl,ET. · 

ha r l firm : t l fr m t h . i n (T 1 t a 11 w: of m r . · I \ · r · . rn h 
:urh · al h ugh it · m1 1.· th ·tnimal o pi ·k i .... w y ,'l wl · an l ,,i h 
c·ar n r u h, irr o·ulnr r md. 

rl h ·ht l)<Y iu th clrnrtd r f th h fr Ill l r· ·l y 
n wn l t h} n tl nimal :ul :i. n 
h bar 1 · m ant · · · ti u: g1 tl lr ~ plain: wl i h r -

qui r 1 mu · h m ·ti · i n l for h l f any 
f( < l h~ n l th : ft r gr n tl :w mp. . 

_\Jl t · 1 th , olu i n · 
lif ii m th i 

t th ra l f r a f · 
l m r · m liv · n 

r n 1 un · · ·hi h pr v 
wi h 

h dry 
lain. fth intrir f h 

. . . 
1 111 'lZ , 

·whi m-r l in lm luti n w an 
. n b 11 l, a m y l 

~ h n r prin ip f l in pr p r-
ti ll t it iz t · p pr p r t 

· 1 · r abl than 
· tit n ri n 

a f di abun nt lar r animal hav , th ir 
, m 11 r br hr n nd b r th law f natural nd t 
b m c ntinu lly lar r until a limit i r a h d wh n 
b diffi ul to obt in th animal m mp 11 t v t n rly 

11 it tim t o- ttin nou h to at. 



After Osborn 

FIG . 21. EVOLUTION OF THE HIND FOOT OF THE HORSE 

ide view of ix tage Eohi ppus Jtfe ohippu J1iohippu _\iferychippu, H ipparion, 
Equus 
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CAUSE OF THE EVOLUTION 

T1n,, •voluti<Hl of th I h ff, 'ada1 tin it t }iy 011 th lry 1 lai11: 
1 l')l ably w 1 t han 1 in hm1 l with th, v luti n f tl 1 hin. 
tht•n1 · ·h ·c•: . ~\t th ' c·onllu •nc·c•m -1 11t >f tb ,. € f . Lunn ·11.- tl 

w . t •rn l ~trt >I' the ~Torth .. \rn ri ·( n c<nti1wnt wa. b)· 110 n1 an.- a. hi h 
a l o ·c . al n la: it now i.-. 1r at l art. · fit la l l ut r · ntly m r 
an 1th • ~ulf 1' - frxi· : till.-tr tel dfarupth \·11 · fth :\li.-. i , i1ri. 
]h dimat tt that tirn m ,· 1r>l ~hl)· V"l' ' m i:t warm ·ndtr 1i· l 
a: i.- .·h nm I y the tropical forc.· t tn ,_. fo rnd f .-.-il v n t .- f· r c. 1 r 1 -

land. h\1ch a ·limatc _ ,Yith th 1 w \1 va tion of h Ian l. w 11 l fay r th , 
o-r wth f chn:( for :t: all wrth · mtry an lt .· u·l c 11 lition.- cflif ~ 
t l animal: cf th l ·irn ing of th man mali' n p rio l n n 
l l l t cl. D iring th T rtiary th · nti1 \n w · y 1 • · 

• , 11 1 -v l, an l at th :am tim h r infh w 
m· k th ·linu t continu·:111 · · 1 l ~· n l lri r. Th c 1 1i l. 
clry ·limat r .·trict l n l thinn l t n l 
ancl xt n.-i n of p n, ~· 1 l in. . Th n · · 1h · 

·th r to r t n · p ar \Yi th t . r 
t h m.· lY t th n w n lition. f lif . Th f 
f 11 wing th la t r ur. c ,Yith th · · 

m finally - l y n 
iz l f animaL in it al tation t it liar n ·r th 11 l 

f th .,c g f :\I mma l · · th n t 
1 an l th r wa nn cti n w d ... .... rth 
~ 11 ri a a. w 11 a. th x1. tm t thi tim th b 

litan n 1 inhal it l th pl in. fall th T at ntin n t-
in rali . 

I i._ a u ,"' ti n ,Yh th r th clir ·t an tr T f h m l rn hor i t 
: r h l f r in '" t rn ... 11 ric r in th littl kn '\Yn in ri r plain 

t · w11 -n·hy th -vari u hi h in-
h l an l Eur p l urin · th f 
t m xtin t ,Yhil th 
, 1 l will a,'.') an l f ~ fri a (wild a and z bra) till urvi-v :\I r, ~in 
1 i,' l I a1"< 1 ha. pL: y l n imp rt nt 1 art in tl xt nnin ti n f tl 
lar · r c nimal.'; 1 ut t h r i., n thin · t h '" h '" far h i r p n i 1 
f r h li.-a 1 J , n nc f th na ti Y • n ri n ~ p i . f h r. . 



PARALLEL EVOLUTION IN OTHER RACES 

I 'l i. i11t 'l(~ti 1w l > >I>:- I'\"( th: l t \\hil c tlH ( , ·olt1tio11 Cf tlic'• lior (' \\':t.' 

l nwr ':- in µ: lu1111 h th T rt1:u·~· p n ><I 111 • orth .\1 11c nc·a a 11otli ·r 
gr up or h > >I' \d ; ni1u:d.· , the Lit >pt l'll:l, I))\\' C xt in ·t , i11 , O\lt Ji 

. \ 1 l} 1 i ('; l \" ) 1 \"( l :l I' a(' ( ( l( t l t d t () t h I> I'() ad J) la j 11 .. () r . \ )'O"(. 11 t i II a a II cl 

/ 

~ , 

FIG . 22 . THREE-TOED PSEUDO-HORSE 

Fore and hind feet one-half naL1ral ize. Diculiaph ru.· of t:1 ~Ii c n f ._' uth 
America although o lo ely like th ·thr e-t cl hor in th f t, ha a " ·holly 
cliff rent kull and te th and b long to a cliff rent ord r th Litopterna, 1 uliar t 

outh America and n w extinct. From pecim n in th Am ri an ~I LL um 
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l ·tta nin and :ingul· rl lik the l r: rn u r · w· '. ' . Th 1: 
lik wi.. lo:t th 1· t r·1l t <\ n · n 
: t p n th c n tr· 1 t · th ) · 1. ' O · rf · 
fr m ball-and-: · k t t d th 
li1 11 •· an l then l th y · l. ·o l no-th n l t a · mpli a l 
th ir P' t rn. h tr h ~ r Ii l rn n n h 
t hat it no n :. n. :o ffi ·i nt 1 hi. gr up f 

t 111 ri · · l · · 1 n an l w r . u · -
hor.~c'. immign r t. · fr m )_ whi h in h 1r 

turn b ·amc e ·tinct b fore' th,· 1 p ar· n of i iliz l 1 an . 

f th, · nl mpon ri \ ' f h h r. in th n r h n h nu-
:ph r, r lik ,,i: 1 ngtl ningth linl: , ligh nm nl . tr n h nin 

FIG . 23 . ONE - TOED PSEUDO-HORSE 

n -half n tural t-;iz . Th Th alh rium has furth r 
h r du in th · tin)· rudim n i in . 

Th ,, th animal . · r l· t d t Diadiaph ru ) 
Th oath riu m wa a littl l· r t x 

t rri r n l Ii l in l' uth • m ri lurinu th ~Ii n Ep h. 
in th Prine t n :\I u~ um and th .\m riran :\Iu. 



Hl OU TIO.\ {)f,' 'I'll,~· //(JI , ·1~· I\ \ . \ '/'l I I~ 

th f t, \I 1watirw th\ to th- 'I'O\\'ll. ' t) ad:q th Ill. ' ·I 1
, t) tit • c·lta11 , _ 

intr · n iiti rn: .tr n1n l th rn al h Hwh non, J • rail I l It· h ,r.- •volll -

ti rn quit\:> ·I >:(\ly n: Ii l th I: u l )-ho1-. · : >f 1
1 rnth ,\rn •ric ... But 

th\ ·nm 1: in .\m ri·a th l rant l 1 :h I an l ·attl • in tli 11 
, Y rl i, I r w r ~. d m mu · h th : nm c 1 in , · >f > 1 u t i m a I t ho u r It t h , i r 
a inJ tnti m m .l: n t t ju:t th :t m · n liti 11. · >f lif . 

PRINCIPAL STAGES IN THE EVOLUTION OF THE HORSE. 

SYNOPTIC PANEL 

On h ri ·ht hand a h entran to h Hor Alcov i a d ubl 
p n 1 (pag 36 nd 37) hawing h chief ag in it volu ion. On 
th ri ht-hand pan 1 i th rie of kull fore fee and hind f 

oppo i h geologi al epoch during whi h it liv d. Thu all 
found a fo il in ti rock of the Eocene Epoch ar Four-to d 

Hor · all from h Oligoc n ar mall Three-to d Hor wi h hort-
r wn d t th and o on. 

On the l ft-hand pan 1 i a corr pondin .... rie of palat to hov 
th radual hanf_:; in patt rn of th u pp r t th and cony r. ion of th 
pr molar int molarif 01 m grind r ; an l a eri of ingl t eth to 
how the progrw._ iv 1 ngtl: ning of the crown. Th chang in th brain , 

th f01 l g and hind leg a1 e al o hown in thi p~ nel and .. id i w of 
th fo1 e ( n l hin l foot .__ ho" mor 1 a1 ly the . L ~:e. in redecti n f th 
' i r,E' f<' . . 
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Part II. THE HORSE U DER DOMESTICATIO 

IT ORIOi D THE TR CT RE A D GROWTH OF THE TE TH 

By . H. Chubb 

W HI nnim~ 1: , r livin >· un k r J rf ctl. natur· I c·o.ndi i )n .· , 
th ir phy i al ' tru ·tur i , ,J wl ,, m lifi \ l ·m tc, t )p )g-
n I hy f · n u 1 

f r . In th tru t · 
which th y nr lllT 

~- p , l m h 11· 

natur 1 d t rtifi · luti 
f f r "hil in iti dom · n , 

dir t d in r intellig n . 

w 

db 
h 

ORIGIN OF THE DOMESTIC HORSE 

I "'" th li ht of r ar h mad b Prof or Rid · wa , 0 born and 
E, ar th r eem to be little doub that he dome tic hor e ha b en 

d riv d from ev ral wild type which have in e becom ex in a 
, ild p ci . Of two at lea t we may be r a onabl ure: one of Europ 
or north rn A ia , hich ha been call d the or eman hor e; h 
oth r from north rn Af ri a whi h Prof or Ridg wa ha called Equu 
libycu . 

There i abundan evidenc to prov that in th late Quaternary 
during and after the Glacial Period, but never heles many thou and of 
, ar ago pr hi toric man cha ed and killed wild hor e , u ing h ir 
fl h for food and po ibl their kin for raiment. Thi period wa fol
lowed b a e ond during which wild hor e were captured broken to 
rude harne and driven. The rearing action of the hor e skeleton in h 
group on exhibition in the Mu eum (Fronti piece) i de igned to expre 
un illing ubjection and the po ition of the man, a if holding a bridl 
intellectual control. The period of dome tication pa ed in en ibly into a 
third hat of artificial development during which the hor e wa modified, 
and i till b ing modified in variou -direction . 

Under man prote ion and managem n change are brou ht about 
in dome i animal wi h con iderable con rol and much mor rapidly 
than under perfectl na ural condition . Through training and careful 
election in breeding, peed ha been grea 1 increa ed in the race hor e 

weight and trength have been developed in the draft hor e while the 
t,hetland pony has been reduced to a mo t diminutive ize. 
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Fig . 2(1 . TlwdrnfthH:--(' pullinguh '1\'~· l md. }iftof h latp \\" il liani ' . \Y hit11 .,·. 'T h ul 
d rrom " ·h i<' h t llC' . ·k '. , ton ,Ya.· pr par 1 was prrs('nt cl by :\I :·. ;rr> rgP F,hr t 

Fig. :z- . ..\rahiun .· tn ll ion ·· :\' imr .· · :\l Hrnt d Ill tlw positi m of \\"atchi n ,1 h r l. ,\ii 
j ct pr ~C' nt r d h~· :\I r . Hnndc lph ll u n t i1wt ll 
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rl h' intimat l'( bti )11. ' \\'hi ·h Ila\'( tlm · ·,i .- t< JI>{\\( ' ' I I t ilt' !t or (' 
:lll I nlilll ha\' in flu ll(' I hot h, ,ll\ I it i:-; 0 · IH rall_\ ' a('kllO\\ I · l<rC'cl I,) . 
. tud nt: r llli.ll\kin I that th( :ul ju 0 ati )I\ or the hol'.'(' illl I hi . aclopti ) ll , 

l < h n~ nm '·rn: >I' tnuq >rtntion nnd a.- an aid in ;wriC'ultur havc• lH ·c•11 
r n It )'. r t h O')' 'l( .. ( i ll1 p ) )' l n ll (' i n t h ( Ii t ( l' l ( \' ( I() J) l )l ll ( () f t l H ' h ll)} I tll l 

rn · 

COMPARISON OF THE SKELETON OF HORSE AND MAN 

W HII 1~ n~i l ring th\~ tw .·k 1 t n .. · (Fr nti.·1 i '<' ) it will I><' 
w rth whil t 1 k f r am m nt int th ir .-tru ·t 1r . 1 h · 
tr pl· d . t f ilit t m1 ri. n. Th n r .pr . n in · 

a typi 'al r r .. O' t ·p f h r th th r ' man f t ut . ix f rn 
h i ·ht nd pr p rti n t 1 r h v ' . Th limb f th h r. m ving nlv 
f n, rd n b kw rd h mu h 1 fr m of m tion th 
th ot th ll-and- o k t joint f man hould ran l 
hip th r r r moti n of th for arm and the fl xibilit at h , 1 i an l 
· nkl and ompar with th r tri t d mov m nt at th hould r f th 
h r th hin lik joint a th elbo and th limit d movem n at th 
wri t (kn ) and ankl (ho k). The mo t pronounc d cliff r n how-

r f und in th h ad and feet. Compar th kull of man which 
ha n normou ly d v lop d brain and reduced fa ial portion, with 
hat of th hor whi h ha a comparativel mall brain the fa , mouth 
nd t h monopolizing almo t the whole kull. The f t in t ad of 

havin · fiv to a in man, ar reduced to a ingle digit1 and th y ar 
r mu h longated a a peed p ialization. And et a car ful ud ~ 

, ill r al a mo striking ._,imilarity b tween th two ubj ct in g n ral 
tru tur th cliff rence being imply modification of a ommon plan. 

THE DRAFT HORSE 

THE or man hor of Europe em to have b en an animal 
with larg h ad, convex forehead and rough coat, of rather 
lum y appearanc and of little peed. It ma} ha b n a near 

r la i e of h Prz wal ky hor which till li e a a , ild peci m 
northwe t rn Mongolia th only true wild hor known at the pr nt 
time. Among other vid nee.. of thi prehi toric t p are the man 
ketche found in th outh of France and el where made b the r r 

primi iv cav -dwell r which em cl arl to d pict thi typ of hor 
and it i no doubt thi train which pr dominate in our h avy draft 
hor e of to-day although of cour e thi hor~e ha b n greatly incr a ed 
in "'ize and ren th b long and careful br ding. 

1 ee page 22. 
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Fig. 2 . Th . draft h r . H ar 1 w 
h , ing ac i n f p I i. and bnekl < nc> 

ll atttmpt ha.· n ma l } 
tc e 1 l'C '.' th : r ngth aequir l 
in thi · hr eel in th mom l 
. ·kcleton f th lraft hor. e (Fig. 

G). 'l hi.· .·k 1 ton ha.· l n .· 
mount d a.· to .·how th · i n of 
t he l on . · \\ h n th c · nim a 1 i. · 
Ira\ · 1 l. mu. t 

11n th .·houl<l r r . t 
·g 
ho · in 

that h h d 
\r d h hin l 

ran 
. g h 

p rti n f · ht f h 
h b n thr \ . t 1-
1 r. Fr m · ( 
n t tha h right hip j 
mu h n r h m li n lin 
than i h I f . Th j 

1 o lo nd ind d th 
right id f th . h n 
lo th 11 t h 
1 ft o ha wh mom nt 
of . . ht 1 · i 
xt pon th 

an n r p 1 

hen uponth 
dy nd 

ppli l 
in a lin , · . . Yith 

t h min 
h n 
upp 

1 

ht 
d th p lvi th n wing 
ri ht th ur, 111 h 

d nd 
h uria·inaplid hi 

tim fr m ) 1 ng th 
mam xi d 
n.nd n fr m . t p t . t p. 



DEVELOPMENT OF GREAT SIZE IN THE DRAFT HORSE 

T 11 L sk 1 t >n or :\ n r)' larg Ira rt I r.·< i.· xhihitc d to .-li<nv t 11(' 
xtr rn d \' l >1 rn \nt )f .·iz \ in thi .· In d. It ha.· I<< n pl c to

gr:lph I with th\ :;;k<kt<n cf a. 1
1h<tln 11d pon: to .· hen tv, x

tnm\sin l m :t ich>r.·c· l◄ ig. , ) . rlh f ll)wingi .· a.tab l< >f1wt .·ur -

m nt.' f th tw< :1 < ·im n:. 

~. T l HAFTllOH,' E I 
1
JJETL ND I') t'l:Y 

}hight at sh ntl I 'rs . ............ () ft. l in . (1 , ¼ han I.· ) 
" . i ht in Ii f c' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2; 7 I I s. 

2 ft. r i n . ( 1~ }u Jl I. . J 
170 II : . 

Bulk f hum rus ....................... . . 11 ~4 ru. in. 
Bulk< ff mur ... . ............... . .. .. ..... l 

• ~~ ('ll. in. 
1. 1~ C'U. in . 

Th p eh n f r th m unting f thi . p 1111 n 1 n fin 
d ign d t xpr qui t r tfuln in ntr t th running a 
.h re hor to b m ntion d lat r. It how al o habi p uli r 
h r h t f lt rn t l r ing th hind 1 g . Almo t th ntir i h 
f th hind qu rt r i upport d on th xtend d 1 f 1 g, whil th righ 

hind 1 g r t in a m r fl x d po ition nd hang p rf 1 lax. ·Th 
p 1 i al o m to h ng, a it w r , from th left hip joint til ing v ry 
mu h to th right and lightly twi ting the vertebral olumn. 

A p uliar fun tion of the patella (kneecap) in the hor i hown in 
th 1 ft kn joint or tifle. While the limb i extended and upport th 
anim 1 w ight the patella re t on a projecting articulation of th 
f mur o that the knee i locked in an xtend d positicn by a very trong 
ligam nt whi h hold the pat lla at a fixed distance from th tibia below 
thu u taining th weight r quired of it with comparativ ly littl mu -
ular ex rtion. 

An abno1 mal peculiarity of thi specimen is a .pair of upernum rary 
molar t th which appear at the po terior end of the upper et. Having 
no oppo ing teeth in the lower jaw upon which to w ar, th y hav pro
trud d do-v n into h gum and mu t hav caused th animal on id r
abl di comforf. 

THE SHETLAND PONY 

I Ti highl probable that the Shetland pony is derived from practi ally 
th am wild stock as the very much larger draf hor e but ha b n 
reduced in ize by adverse condition to which it wa subjected in the 

old and barren Shetland I lands with their limited area, and al. o b ,. 
having been y tematically bred for th mallest po ible size. 

Figure 25 how the keleton of an exceptionally mall pony whi h 
, a cured through the Whitney fund. This pony wa bred in Scotland 
and obtained through the kindness of Professor J. C. Ewart of the Uni
v r~ity of Edinburgh. The keleton repre ents the grazing action. It 
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,,ill l <' .- • n that th, d \\' ll\\' , r l r a ·h f th• h )al and th• . l >\\·, 1:. x ~1 

lll( dil\ tl pu.-iti< ll )r allll< , 1 , . ry h<Hl i11 th• l < ly. 
rl h wrt •l r, l ·olmu11 i. · 11.-i l •r· 1 ly ar ·h 1 iu th l H' ul l' i n 

tln1. · a.-.-i .· tin r in th l nvn,,·, r l •ury • of th n ·k an l t t th . ,, rn tim 
tilti,w th all ·1 r th' I •hi · t f(W l gr .. t war l th l 1'l ll li. 11· r, 

i n c r a.- i I w t h l , n rt h <, f t h · 1 in l li rn 1 . · 'lll l ti 1 tin th l l y t w · r l th 
h < n d. rl h h n 1 b i I icr ll'll l w 11 t th ricr l t h r i.- a , . 1 
·un'<.1 t war l th 1 ft in th ,u t ri r porti n f h l r.-al v _)rt l 

n :li ·ht ·un· 3 > th riO'ht i1 h luml · r ver 1 r to th l a ·k-
ward J o:itio11 of h' right hin l foe t. 

rl h ,,. ,io·ht of th b ly fall.-- n h right fr nt n l l 
1 ri1wi1w th m l th v 1')' n ar th 1 1 li n lin 1 l L · n lif yi 
1 :it ion f th ,' "ll uln an l 1 , atin h 1 f . i l h p 1 vi: . .. li t 1 
1 1 w tl kn a v r. ,. .-m 11 h irlik l . n whi hr p1 
th ._' h~ ft f th · lm . tin fibul a l n whi h \\' ,' '" 11 l ,. 1 p l 
in th t n,· :tor: f th h r. . 

THE ARABIAN HORSE 

OF t ll th many p f hor pr bbl th n rn · univ r. ally 
a rnir cl n 11 v d i th rabi n , ith it m r 1 u n J 

1 uty, oT at in lli · n p rf tion of n ton i l 1 

nd n lur n Th qu ti n may ". 11 b 

nd re , ith , hi h th rab haY th ir 
of ar ha und ubt clly d n n u h f r h 
m r th n thi it i ho\\nalmo t n lu iY ly 
"i h "on rfull fin natur 
n hi point Pr f or,, illi m · 

111 

ing ,il nce. 1 

Th r r radition 1 nd . . 
1 ·i 1, tl rabian h r 

11 l it h Li 1 y n h · n ri in · 
n 1 h inf · r m n nd 
w , , n t i 1 n r r fri w h r it w 

n i nt L' in 11 pr b bilitY arl~,. 200 

Th n, , L kn ''" full '" 11 th -v m ti 
ypt " · fa t fam u f r it h 1i h ''" r 

x 11 nt han mun r u. n l n th t th ~ n 

z 0-
y h 

th r · untri .._ Jul a I yfr ,, n th Kino· f th Hittit . "~ It i 

11 tD GE W AY, \Yu,Lr-ur rigin and InAu n<· f th Th rnughbr I H r . ambri g : l'ni,· . 
I r -.. :,.. 1 .- . 

-\Yr LKTX, , , T. , .. \n ci nt Egyptinn:-



1.-, 

nl. · l'h :tr, !'rnni Eo-. ·1 tian :trt, t h:lt t 11<-. ho1·.· <- ► \\ r 'ol' I lie• . ort 11 .\l 1w:111 , 

< r ,l-' ,,. would .·ny t >- lny .\ rahi:rn typ . lt ha.- I> <'ll tli , <·011 . t :1111 

inl'ti.-i rn or thi .. Lilyan 11 >< d which ha.- t nclc 1 to ill1prn,·c· ot1r c·o111 -
nu 1H r hor.- .-!'(rth., 111anyc· nturic.-. 

TlH .. kc 1 t rn >f " ... imr" (, c < l◄ iff.:...,..., J . I )) a pun -hlooclc d ,\ral>ia11 

._· tnlli m, hn .. l> '11 m unt l t) .. h )\\' .· m < f th c·on.-pi<·not1. · c·liarn<'I ·r
i~tic · >f thi: :1 ci \~ ,Yhich ;_n n f 11 w:: 

1. 11 nd nn l t.lil rnrri l hirrh " ·h 11 th animal i.- animat •cl· 
• ' kull ,·h rt but hr )nd h hY n th y . c·k<'L" 
l<...y ~ cl- L ... high ancl 1 r min nt gi, ing th y . a \\'i l range• or vi .- io11 · 

--L } ncial pr fi.l r a, · 
,). :\luzzl -.;l n l r l ncl wi l -: th thr at· 

b . l un l th rnx, ''" 11 1 ribl l u1 ' , n · < \\'ith only fiv ribl '.'." or 
lumbnr \' r 

, . Horiz 11Lnll)· ph lYi (a p 1 chara ·t r ) an l ry hi h tail r gi n fe\\' 
tail \' rt br · 

l • _ c mi l t ht ft f th ]n r mall f th f r arm· 
L no- nn l l nd r cann l pino- l a.· t rn .. 1 

' ... .,. inu '' w th d i n ' Ki m , f m u, f r 
·rn un 1 rok n . ri f vi t ri a a ra hor in In li . ft r hi l ath 

y ._ t r Bay L ng I 1 n d in 1904 th u j ct w , pr . n te l t th 1\ 1 u
. um 1 y th ,yn r l\Ir. Ran lolph Huntington. 

THE RACE HORSE 

AS f r th arli t cl m . tication f th hor. 111 Britain ,, h r th 
J-\. race h r or thoroughbred ha inc b n l v loped n d finit 

tat m nt can b mad . W read tha hor emen in larg num
b r ppo l th landing of th Roman , an l 1~0 that in 631 A. D. th 
Eno·li h fir t b gan to addle th ir hor Again we find m ntion of 

runnmg h r in th ninth century. But i i not until ab u 
wh nth famou By rle} Turk wa brought to En ·land, that, rn 
anything cl finit cone rning the origin of th pr ent En li h to k 
though hor of undoubt d orth · frican blood had be n import cl fron 
Turk y a c ntur. or mor arli r. 

The Darley Arabian br d in th le ert of Palmyra wa import l 
into England b Mr. Darl y in 1705. About t~ nt year lat r th 
Godolphin Arabian2 arrived on the cene, continuing to improv th 
Engli h ~ tock with infu ion of orth African r Libyan blood t whi h 
th quality of th rac hor e i chiefl du . 

Touch ton ate The thorou ·hbr d a oon a he a e to be 
ubjected to th pecial regime of training r rt to the Arab type ,, ith 

1 BORX, H. F. Point of th keleton of the Arab Hor e. Bull. A.mer. ~Iu . ~ at . Hi t., vol. 
xxiii, art . 13, pp. 259-263, 1907. 

2Richard Berenger, however, denie that this hor e wa an Arab, though hi view i. not generall y 
accepted. Hi~tory and .-!rt of Hor emanship, 1771. 
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.·u ·h xtraor linary r·tpi lit ' th· l \ 1 ·::.u no l blind t th fa· th· the 
l : · n l · f r at l n. : v r p· rt. · out f cigh fr m th pur rab 1 

\vhich \\ w uld c· m:i l r f Lil 'an ngrn n l in 1 l man , · dmir r: 
>f h Arnb woul l crh lly limirl'ltc tl rm· ining tigh h f n n-- rat i· n 

1 l 1. 
H \\' v r t lH r·H· h r. · hio-hly · liz l · nim· 1. 

e rlt inly ,·a: tl} diff n nt in ap1 h an l y . till m r 
wi I l y . I a rn t d fr m h l r ft -h . 

In July 1 06 p rtin · un· t in h gift fr m th lat 
1Ir. Jam · R. y r m i1 · n t f m u. ra 
h r.· · t t · · n l · f · h p · n f th n. 

Thi . f al d F l r 7 1902 at 
fr. K h. ft h imp rt -

ti nfr m ·n h nglih br d 
M lt n. r 1 on f th m t brilliant in th · or f 

An ri an h r -r in~. H w n r mark bl vi tor· w n 
hi fir tr t Brigh n B a h Jul 14 1904 a ar- 11, nd hi. 
untim 1 d ha f ur ar (Jul 17 1906). 

Th k 1 ton (Fig. 29) h b n moun ed t a ph in th 
trid of th running hor , and i ba d on udi mad fr rn dir 

r a i n nd in t ntan ou photograph . Th po ition i tha of th 
m m nt f r he righ for foo ha lef h ground and h right kn 

r rpu i b ginnin to b nd; th ucc ding footfall in ord r r th 
1 ft hind th ri ht hind th 1 f f r -and th righ for h full I ngth f 

n ompl t rid b in about , n - ix f t. 
A thi in ant h hind quart r ar lif d p r ptibl hi h r than 

h hould r and from a rear view it will b n that whil th hind f t 
r thru f rward at thi gr at r h ight from the round th 
parat d to avoid rikin th for . 1 gg. A mom n r th 

h uld r , ill b lift d b th pu h of h for f t hi h r th n th hind 
uart r th n th hind f e t will mov toward th m di n lin nd trik 
h round nd th for f t , ill ha m v d fonv rd ut f th way f 

th hind. 
Th 

hind limb 
mu 

l' 

th 

. htly r h d to h lp dra" · th r th f r an l 
nd f thu 1 n th trid nd brino- th ba k 

1 ' . Wh n . fro1 th ba kb n i 1 o b-
ur cl a li rio-ht wino- t th f rward p · · f 
f th p . f th 1 ft hind limb; thi al l n th n~ 

\\ rt th . trid a th ba kb n i . tr ight n d. 

1T l' CH, T :-; F ,, '. F . I a r II or~ :-- and Thoroughbr d ~ ta ll ions . 
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THE TEETH OF THE HORSE 

< <JLL L< ' I Jo.· I \\ \L L ( '.\, ' J,,j 

T HJ ;., cl •11t.tl appuratu,· of h • lwr.· , i.· OlH ' or th(• 1110.· t jut r :ting un l 
highly .- p '<'ializ( d or ,·all · w fill'l in natur -1 . I uri11g tl <1 cou1-.· of 
< volution thrmwh 1n~1 ll.\' a<rc.· , the edh han_• Tudw. l]y T< w11 

1110n ind 11w1 ' c·on1pl 1
.' I (·on1ing con .· tauily n1 Jl'( J nf •dl ,. ada1 t cl t 

h <'l'Ol)ping an I )'J'i11ding or <·oar.·c har l gnt. -.·(1
:. Th y an inf· ct f 

.·n ·l 0 Tc at . iz and i1nporta11c tha t th· whol :kull .· c n1. · co1L'tru ·t d 
·hidly fc r their lod rrn nt ~ nd 01 cration the ·tvtc dy of th 1 l)l"1in PY .· 

an l < nr.· he in>· n. · it w r of .·c•condary c·om:ideration · l c nc·( th :kull 
llnl.'t or 11 c·c\·,-ity l • v •ry bulky and in rd r that the wei ·ht ma · n t 
l c unm•c·c .·.·arily 0 Tcat h rge ·tir .·p· cc--..· (.· inu.· '.') are provi led, ggregnt-
ing betwr 11 twc and thr c tim : tlw amoun of .·p· c c ·upi cl h ,. th 
I ni 11 (.-p 1 ·im n. · .- 1 and .- on xhibition in w 11 · , •) . In l l th . kull 
< f th h r:-c1 i · a 1 autiful cl . io·n in ar ·h ., n l l rn · .· r .·ulting in , 
:-;trn ·tur >f th gr t ,'t p . ,'ibl ,'tr 1 gth ncl utility \\'ith a mir imun1 
w i ·ht and matP1 i l. 

Th thm i L h } nv fr m ,v rk of th organ f .'lll 11 , ar 
hi ·hly cl , 101 cl with cornpli t cl . y . t m f .·croll: pr · nting an 
nmn n m unt f . mf c t th ir t at i. lr· wn in o tl 1 .· t1il. · 
(. J 1m 11. - 10 an l 51) . 

STRUCTURE OF THE TEETH 

AYEI 1'. ~irnpl form of t oth i that mm nly f un l amon th 
r l til ·"', t rn r p glik tru 'tm·c . l f l ntin with , 1y 
much h· rel r · \ ering f nam 1 on th ro,Yn an l n IT nal in 

th 'Cl t l'. w· h \ in i. 01' t th ( ig. 0) t 
am1 1 .· of liff r nt l T f p ializ, tion. A th th f a y 

w i. f c mpar ti 1 r impl f rm l ino· .. m wh 
having a ·l arl r l fin l lin l' 11 k b hY n th l' \Yll ,rhi ·h i 11 -

1 o, l f l ntin nd mpl t 1 r v r l ,rith nam 1 nd th d nti1 
r whi h i. with ut nam 1. The n ck, f th r ,Yn, a 
in m . t .im11 t th · in id . ,rith th lin f tl · un. In th h r~ 
h ·omp . ition f h t th 1~ th 1t w h·n 

thir l 1 m nt kn wn a: m nt l 1 • it 
th .. mfa · ,' m time l for th ru y ung t th 
in · th nam l c lmo:·t ly. In cl · · t i m r 

In. ·tend f t 1 1 lain u 1 p r l rel r ( i ) th 1 i 

n 
V r

a d. 

ind ntnti m or f l ling in f th n m L · th inY rt l 
fincr r of ~ o·l -n', f < rrnino· an nam l lin l u1 , rum incr far 
l wn int t lw tooth (} i, ·.· .: ·rnd D ) , l ec rnmg m r r 1 • · r 11111 t ly 

-L 



a 

a 

C 

f 

□ enaw,,el 
W.I dent1,ne 
BJ Ce'ffl.ent 
■ natural 

cavity 

J 

C 

, .. . 
. I- '•:.-, I ,:,:· .,-. 
I I 
I I 
I I 
\ I 
\ , 
\ , .._, 

D 

I• i0 ·.; 0. Inci..: rt th :h winrr cliff r nt ·ializatioh. Xatural . iz '. 

~\ . th ofy ung e \L a, C'r wn; b, ba c, rot 
B. th f c I -1 la,-- Id. a, C'rown; rown; c, in· mp! tc ro t; 

mil wc-ul-de-ac; e, nam I; /, <· m cl n nam l 
I th f <' It '.. year ' old. a, C'rown; d v r cl ep cul-cl - ac; e, 
na m nt 
'id (.\ , B, and , inn r Yi w ) 

_g g a 
a 

b 

A 

a 

g g 

0 enan1,,el 
~ dentine 
IT] ce-1nent 
■ r,,,atural 

cavity 

Firr. 1. Inci or te th of h p rma n nt ( (i . .l.) h :wm · w ar and mo-vem nt. 
Inner vi w . .... a tural ize 

A. Tooth of a colt 2 y ar old before it ha erupt d. e, f lded edge of enamel, unworn 
B. Tooth of hor e 4 year old, a, crown; b, ba e of crown; c, incompleted root; d, bottom of 

cul-de- ac; e, worn edge of enamel; g, gum lin 
Tooth of hor e 12 year old. c, root full grown; /, internal and external cement; h, n rve 
foramen; i , natural cavity in cement 

D . Tooth of hor e 17 year old. j, "dental tar" 
E. Tooth of hor e 33 year old 
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fill l, par1i · 1hrly to\\'arcl th l otton1, wit} 'l l l ·it f cm 11 . I i, 
tvnally oh- 1-v l hat hi 0 ·l ly .· p ci: liz 1d Pan:· r m r l rimitiY i1 h 
y rn1°· ii livi lual thau in th adult. 1 hi: i.· very 11 tic · 11 i1 1 · l ·i
Jll 11 (11 iu·.; 11 ) whi ·h n·pr : 11t: th cl ·idu Ll. ' r milk in ·i,· r f ~ · 1 
al ut fc ur lay.· )ld. '] hi: t< th ha: ju:t rnt thr t rh th ·m 1, n l l : 

11 >ta: y t :h )\\' any \\'uu· fron1 tl.' . 1 h c 11am 1 ·u1 i: · 1r: :h· 11 '" a.· 
·< rnJ ·u·<' l with that < f tlw l nu t m 11t t th ({' a1 l D ) . It· 1. · ·h w.· a 
·I 1arly l fin l li1w at th l a.-c of th crown wl ich wl n h i: 

fully oTown will c in ·id with th lin f th o·m1 a,' in tl , t b 
· )\\' and th r :im 1 1, t th. 1 he r t f Bi: n t : ,, t full r r m 1- 1 

l r: nt. · a hrgc l ul1 · vit r whid wi11 l r du· l t 11arr w n l'Y 

1,111Lll (l .' 11 1·00 g1· ,,\ -, 1 1 O' 1~ < ll 1 t · . \ "" . ,. 'f' 

, ·mall f nun n f r th 11 h p 
n nt inei or f kl whi h ru1 t. · · n · · lu-

u. 1 l out thre n l 1 h -
ti · v 1 ·y l p rn 1 n · t t 

11 1 
n . ht . . i1 n 

rfa h upp r n l of th r ·wn. ri . f 1 w r 
11 l 'ti al ti n fin i r th xhil it l in h 

xplain th tructur I rl ~. 

WEAR AND COMPENSATING MOVEMENT OF THE INCISORS 

t 
n t gr , th butrath rm v rn nt . It i tru th t r W H Ti fr qu ntI~ pok n fa T "th in h hor 

ntinu in m f " of h th un il th l r t 11 r 
tw 1 ,. ar ol l bu nl in th rnpl ti n an l cl in h r L 
( v ) , th r wn b · 11 f 111 ,. de\ l p 1 inclu li n 
w 11 · · t ab ut nd n -h Fr n tim h 

1 1-v1 it ontinue t m Y ut f tl r 
whi th I w 1 n thi, n v n nt unt ra tin 

utting r gri · ur · n xh 

hmJbwm o · f 
th ir m , t r mar p ialization Y 1 ng r \\·n ,vhi h 
in t <- l f l ing n ir ly b v tl gum lin ·1 .. with in 1 l 
t th, l uman f r in. tan xt nd f·1r l wn int t 

hro· r m 
ma ri· 1. 1 i ·ur h 
n r i 1 " ' hi l l h t th i: w m · 
th w · rin · :mf· alt rinrr in nt m a. it 

f h t th wl i h n. L. ntly h· no· . in hap 

· ·ndin 

ll 11-

aYl y 
r wn 
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. l i.· th I l'lllnn 11( 1 )( th or tl (')!((\\'())'(ill'. ' >Id i>cl'or• it 11 :i . J' •-

1 la· lit: d <·i lu u: Ir d · :: r >r h,L ' r<<•<\i,· d nny w ~ r :o tltat tit · 
·t rn·d n,llll l i: · >nlinuou: \\'ith that >l' th ·ul-d \-:ac· or j,it r11al 
nnm 1. rl h · m nt n >w lin : th cul-<k-:,H· i_ nd i.· I> o·inni1w to h • 
l 1 :it l n 1h .· rnnl nnrn l. .\: ) ' < t th t > >th ha.· no root hut 
1r: nL- ,1wil - 1 n1ulp •,-vilyit th la:c. 

1 i: th t th f n her: nb ut frur t r.· ol I. It ln· r '(llt.l. · r -
l 1n · l iL' . l inp; in ll.' 

] h f 1 l d . 1 i .. - w rn thr u ·h 
nn l ._' p·untino· th rn m 1 f th 
witl th x · 1 ti n f a v ry Iig 
In rn · 1 n w 11 · m · 

·ll'm · urfn . tl 
r · iiy 1 it in id 
,Yill n th t thi p int in t d 

ml T t bout .·i r m mth.· . 
· ng the cl 1 tin l n< ' h 
m th f t rior 

th 1 ft-h r. 
· m nt 

rI l u an 
f n m 1. I 
f th gun 

111 m r primiti t th i pl nt l b u an in h - igh h · l p, 
g indi ti lin . 

t bout w Iv r Id ho a mor n-
no·ul r , · urf c ving b n worn down a di an of p rhap 

thr · n -half in h. Th ul-de- c i gr atl reduc d in 
mfa di m t r a w 11 a in d p h. The root i full develop d and 
how th n r foram n (h) t the poin . With h advan of · ge th 

~· arin · urf of th too h , molar a w 11 a inci or, mu n aril 
approach th n r which would ubj ct it to xpo ur . Thi i provid d 
f r b th r c ion of he n r e and a new growth of d ntine, r du in _ 
th n rv or pulp a it ~nd ometim in ex r me old ag compl t ly 
fillin · it.1 A he tooth wear down thi new dentine an b det t d in 

a Ii ·htl} light r hade in color, and i kno, n am n · 
hor emen a th d ntaJ tar. It i indicat din Figur 31D and E. 

In Figure 31D hawing the tooth of a hor about v n en y -ar 
ld th w arin · urfa i till more triangular. Th ul-d - ac i""' almo t 

worn awa · th ba of the crown i approaching th ·mn lin . ot 
onl ~ the rown a in th younger te th, but h root a w 11, i b comin · 
thickl covered with c ment o that the ba lin of th crown i obliter
at d bu an readil b lo at d b tionin ·. On th mor xpo d 
ridge how r particularly he ant rior urfac , not hown in h k tch 
th cem nt ha be n worn through in pla by fri t ion of th tongu and 
lip . 

E ho, the condition in xtr m old ag , hi p im n bein th 
ooth of a hor e thirty-thre } ar l l. Th ul-de- ac ha long m 

1 ee pecimen o. 132 under " T eth ectioned to how reduction of pulp cavity" on exhibition 
in wall ca e. 
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di a1 ] 'an·d aud tlt >lll_\ c·1w11H•l n•1iiaillillc1 i. a Y •ry 11anuw t rii' rn h 
a11l ·rior lionl ·1·. ' l ]1 • wt•arinu urfac·c• lia. lH·c >111 • ,1li1 tic·, 1. ai l th 
"de 11tal tar" l,a c·li~11wc•d l'ro111 a trn11 . Yc•r. · Jiu· t J ·1 rnun k l ·p t. 
'1 h' dc·1 o it of <·<·111 ut ha: i11C•J ·a:c•d to al11w t all •icd11 h cf an in ·h i1 

thit'kll<' , r ·111'orC'i1w th' c lcl cl ·c·linin.0 roe t, a it w "'l' •, t 1 r 1 JllO' it 
•rYi<'< t the• \ c·ry la ·t. 

' I h la. )r th ('l'( \\' JI ha. pa . ·cl 1, ·yo11d tli • U'\llll Jiu'., 11} a 1J -', 
th to Jtli ec uld 11 t la .. t HHlll_\' yc·ar. le 1wer. 

It j,. h_\· the xarninatic 11 cf tl .'C iudicati 11. that hor 111 C}n Li c· r
tain th a 0 ·c althou )·h it i: imp< .-:-:il 1 to ju lg a<' ·urat •l~· in th n r 
ncl,·iu1e·c l :Lw .-. } .'}) "cial att ntion i.. ·iy 1 1c th iz an l haJ 
l n,. n ·e or a b:en c ' of th cul- l -:ac kn wn 'lllH 1w h r. :)m }n 
·marl·.'' It .. h ul 11 ' x1 lain l h we\· r, tlu t the low r in ·i 01-- ,YI i ·h 

ar m r a."ily Clnmin l in th liYin · h r. ~. b in · m wh t nu 11 r 
an l lu-n-ing ·1 .·hall w r 11- l - L' • than th u11 r: j ·1 l, will 
(_ · uir a certain a1 peara1 ar, t n arli . a · ' 
t ncl ". r 1 " . r t th th y ·w ul l hav a . in il 
f io·ht an l hY lY y ar · · g th i · 

h "._· th r mark cl han . · h h· · 
Yl h t th lllll t b L t · t ht th i ' 

r lu · l in limn t r it · · t '" r l th 111 li n lin 
th t tal m f th · t. Th m tin ano-1 
u l 1 r 1 m r a u t m lcl ff . ~ xhi 1 it 
lal 1 l zz 111 th w 11 11 r 1 

th t Y ri u 
anin t th "·hi h i rar in h m , 

y rY , l rtiY f rm i ara ~ pl ru tur n 
a11 ar nt fun ti n t th tim but m y h· Y b n 
,Y ap n t a Y ry arlv Y luti 11. It r iY "'alm ~t 11 ". r 
h . li tl r 11 ne f th a lllff 11 Y 111 n f th i1 i ~ r:- n l i 
in fa f 11 -v rY oT · t int re t. 

DESIGNATION OF THE TEETH 

T H l i I u u. r mill· th " ·hi h ar b I an l r 
1 nu n nt 11 • , (_ r di Yi l l i1 t thr ln. ~ . : in fr nt. h 
l i lu u::-- in i.. r .._. 1 ~ k f h . , th Y ry . lu u 

ly 

{ -

mn · an l :till f· rtl r l a k, th 
In th 1 nm n nt . t tl . . . h l th l -

·i l 1 u ncl t · 1 r pl· l by th I r -
rn hr... ·1ck f th f mth la~ . th I rman 11 

r t ru m la r:, w hi · h h ·n · n l ·i l u u. I r cl 
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d IIL. ~ H1 / 
Hl 2 

A 

A. Lower jaw of colt month and 12 da ,~ old , m arked to how cle~ignation of deciduou t eeth 
B . Lower jaw of hor e - year~ old marked to how de ignation of permanent t eeth 

In ,York on omparativ anatom and zoolo the t eth are ex-
pr d by initial 1 tter and number in fractional form· th nwn rator 
d not the nw11b r of upper teeth and the denominator the numb r of 
lo"~er t eth of each cla , running back from th median line in front, 
and con idering only one ide of the kull. For in tance the typical 
mammalian milk dentition i a follow all being d ciduou teeth: in
ci or three canine one, molar four, which would be expres ed d. i . ½ 
cl. c. + d. m . -t. Th perman·ent dentition would be i . 1, c. + p . m . t and m. 1 
-forty-four teeth in all. The human ubj ect having only thirt} -two 
permanent teeth; would be expre ed i . ½ c. + p . m . ½ and m.1. 

The teeth are numbered from them dian line, hence , h n indicatinO' 
a certain tooth i . 3 would be read lower inci or three · p. m . ..'!. upper pre
molar four- lower deciduou canine i expre ed d.-c.--;- . Figure 32 how 
the d ignation of deciduou and permanent teeth. A is the lo,ver jaw of 
a colt nine month and twelve da} old in which the deciduou dentition 
i all in u e, and though the emption of the molar ha not yet begun, the 
development of one at lea ti well under wa . In B a hor. e about five 
year old the permanent teeth are all in place. It niu t be born in mind 
that when a ubject ha a reduced dentition the teeth are nwnbered not 
nece arily a they appear in the jaw but ac ording to , hat i belie el 
to be their true relation in the typical dentition, having forty-four te th. 
For in._ tance in the human ubj ect where there ar but two premolar 

-3 



.... 

.1 \IE/ 1 '.l. . l/l. J..,( JI rl 1/JE LE.lrLET. · 

h10\\ 11 a111011° cl< 11ti t a 1 ic·u pi l , th· fir ton· in tli • l w •r j._ "· ·'" ul l 
h · '- 1 r ·d ~1. 111. 3 . 1h' ·c·c 11d w JUl 11><· JI. 111 . • a u111i110 tht t 11. m. 1 
an l /J· Ill.:! al'\ th I llli i11° t '( tl. ']Ji• t 1 ·th f l ·tilll<'ll , Hl (' . hil i ic 11 

~ "o ·. lU and: >. ar · lab ·l ·cl in th lllallll-'l' cl• c-1il, •d. 

THE WOLF TOOTH OF THE HORSE 

I~- th h>r · w\11l'ly .··lytlutp.111. i Fi ·.: - 1 ) in wii th , h t •10' 

f liminnti 11. Ju. t in fr 1 f th UPI r 1 r 111 hr: th )r • i fr -
1u ntly f und ._ Y ry . mall· l r iY t th · nnn nly kn , ·n · th 

" w l f t th. ' ' l . · t L c · lr in th 1 ". r j · w l u t i · · n- ra r . It i 
t l . lut }y n 1 -fun ·ti nnl t ncl i: in f;_ ·t l trim ntaL " it m ti.in 
·iy .-. ri · t init· ti n. ►' that in th h r th fir f m -

tic n._ l 1 r m l· r i.' p. m . L Th '" lf t th. th u hint r tin . i r h r 
h· r l t tu ly ,,ino· iL in ulari y. "h n :1 nkinO' f th 

h it · . l· i ·n p. nz. .1_ , ,Yl i ·l ''" 
r c.l lly 1 l th l mm n n t . : t hi.-. . h ''" Y r, I am · · 
l ul t, alth u ·h i i fr qu ntlY f un l l no· aft r th :-sh l lin · i 
Y r. ~... Y rt h . hi · l l y l r l al l th· t it i. a . th 

"·hi h ht. Yin · n · n t ~1 l. In th' · t ". ul 
th 1 1mt n nt t th ha l 1 · ni1 at l r · · 
i n than th · u on . But until w haY 11 · 

n his l int I y it wil ''" 11 to · th ''" lf n 
th t th "·ith "·hi h" fin lit. In fio·ur h r i"' "'h \Yll th un-
u ual mT n f th ". lf t th in th 1 " r j "·· In l kin h 
f · t thi t th o·an t · · 11in, ti 11 in 

n ~timat l t,Y 1 illi 11 

liis r t w m· Y r a 11 1 ly h l f r ·~ m f ". ;-; ·i· l r -
th h r. 1s ntir ~y ri l f tlii, rnth run l . inl l n lix. 

PREMOLARS AND MOLARS OF THE HORSE 

W H -j ~ ... '" m ar th n lnr th ,Yith it. m t intri · , tru -
1r , ,Yith th in i r, th l· tt r s m. 1 rf t ::--i1 11 li it)·. 

, ~it h u t h r li~ u, . i 11 · th Y l u ti m ry hi. t ry f th t th. 
it i: x r m ly in r . tino- t n,i l r th . sp ·ial t la1 t._ ti 11::--. ,Yhi h · r 
m r 1 y ra l w l m li fi · t ti n ~ f . im 1 1 f rm 1 r u · 1 t ~ l u t n·i th u t t n y 
r- lict 1 r . u l l n ·ht n; s, 1 u l "·ly cl Y 1 I l in an r l rly an l . h~ 11 
''" : t y. rt h < l x nu 1111 r. 

1 h m lar f th h r a ''" find i t - 1· y i:-- a ''" 11 l rful . ru ur , 
1 r . ntirw n i · 0 Tin lin · .-.urfn ~ m t m11i ·t t l ~)·:-;t m f ht ri 
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'nnrn 1 d~ ,:-,; ,\1111 . t :t. h,ml a.· !rl.t .. , .·up1 < rt I 011 < 11, . iclc · I>.\ dc ·1iti11< · 

a 11 l > 1\ h t h I' }> y (' l l ll 11 . 'l It ( . ' ( 111 il ( ('I' j il I. ' I )(' j ll ()' , '0I11( \\ Ji :t { C > f ( < • I' 

tlwn ll,llll 1, w nr d > ,·11 :li()'hl I)· i11 ,l h ·anc·<' I nvi,w t It 1 <'ll,trnc•l c•c l ,, ,. 
:--ufli ·i ntl)· .·1 o: d l > <ri,·' ,l ] < rl' ·t .·c,Jl'-:lwrpc ni,w o-ri11cli1w .·11rl'ac·c· 
lutatth ~arn tirn ' not1nj ·tin()':< l'arl>y>ndth ,gc n ralplanc·a: tc, 

1 in l,uw r >I' ·hi1 J i1w >ff. 
\Yh 11 w · rn1 nr :u ·hat < th ,l.' tbi: with a pc rfc C'tly : impl , one' 

I mp .: l r d ntilH ·rn l hnYing t ,· bort 
it h r ' 11 -,'h•11 c l r fintt 'll d T wn, · v n d 

m r ly,Yith·1 .._ m th .'h 11 f nam l with 1t 
rn nt, it i, liffi 'UH nt fir. t , ight t an 

r l· tin r , imilarity b w 1 th n rt 
r aliz th·1 th highly I ic liz l rg n i. · 
impl '" l, l 111 nt f th primiti on :1 . 

Bu 1 t u f illu tr ti n im ·in f r 
th "ith 
pill r 

d ntin \\ith tw d p 

ro" n in form 
f 

p th d ntin b in · omplet 1 r o 
"ith n m 1 and hi k d po it of em nt on 
the urf of th nam 1. 

·wh n th c m n and enam 1 ar , rn 
thr on t -rindin · urfac " woul l 
h th expo ed dg of n nam 1 cy lind r 
fill d "ith d ntin , r enfor cl "ith men 
on th out r urfac and two enam 1 rm 
or ra th r po k t wi h th dg xpo d, im
b dd din th d ntin . The po ket or d -
pr ion , ould be lined on th ir inn r ur
fa or ompl t ly fill d a th a migh 
b with a d po i of em nt. Thi would b 

on tru tion imilar to that , hav 
alr ad n in th inci or xc pt that " 
hav wo in tead f th ingl cul-de- ac . 

D ena»-1,,el 
~ denti,ne 
till c e-rnen i 
II natural cav-z,ty 

.)._ ow 1 t u imagine th nam 1 wall of th e Fig. 33. \Y arin 

ul -d - ac and al o th namel cylind r of upprr grind ing 

urfa 
t th. 

d epl crenated or fold d and loubl d in 
ome place the la t r oming almo t in con

ta t "ith th form r thu increa ing -reatl 
the xpo ed namel edg and " will ha v 
the de ign of th grinding urface of an upp r 
d ciduou molar aft r it i omewhat worn 
(Fig. 33A). And h re it mu t b borne in 

~atural ize 

A. Worn urface of deciduou mo
lar (d. m. ~) of colt about 6 month 
old. e, expo ed enamel edge ; 
i, natural cavity in cement 

B. nworn urface of d ciduou 
molar (d. m. 1) of colt about 3 
month before birth, howing 
only enamel. d, cul-de- ac to be 
filled later with cement; e, apex 
of folded edge of enamel 
. Premolar (p. m.D of hore or 
9 year old 
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D enawiel 

~ dentine 

~ ce-ment 
■ r,,atural cav~ty 

n1i11<l hat th hor: ,· ' t th· r n t fully fun·
tit 11al u11til th fclchcJ l · · f 11·11 l nth 
uTi11di1w . urfa<' 1 ar I worn tln twl t th 
d ntin . 

Fi ·ur : : B . h ''" · th leci lu u: UPI •r 
111 1n r ( rl. 111 . 

4 
) 1 t • c 1 about t hr m nth. 

hc·f r l irtl . Tl mun 1 of th • cul:-cl -:· · i · 
continu u: with 1 t t f th xt riOl' th 1 f 11 l 
\d · : on th oTiu lin · :urfacE 1 11 r Uff\\' rn. 
It i.· (_: y t •n ir ly ·wi 1 ut · rn n : th· w 
h v an un l . tru ·t l v1 w f th n m 1. 

:-\ h 11 th · lt i. · . ·ix mon h. 1 l h w ver 
tl ·ul. - 1 -:a ,Yill l icalh,. fill l witl 

al th xt •ri r 
tl · f · m n b innin 

1t a m n h b f r l irth. 
\\ hav . 'lll nent in ·i~ r ._ 

r mu h m r · y • liz l th n r 
th ·du a . Thi_ 

noti abl in th grinding t th. 
th rful 1 v 1 pm nt of na1 · n 
figur . Thi. i a pr m lar o 
or nin y ar "' ol 1. ~ ar ful 
d1 l nam 1 in thi t oth r v 
int r ting fa t that if th ,Y re traiah-
t n l out in a continuou lin , it w ul l l 
fomt n inch in l ngth. In a to th f this 

1z on th impl · ylin l r" 1 lan, it i~ 

l ·vi u '" w ul l hav only al ut f ur in h 
f namel h n "y Cc 11 "·illi11 ·ly n 1 

natur ' " Yi lorn in thi rn1 ara iv 1)- '· m 1-
rn -im1 rov m nt. · · 

Thi~ nam 1 1 at t rn h w v r l r n t. · 
m r . impl · · I t n~ th t th ". ar l ,yn 
t ,Yard th 1 a::-- f th r ,n1, ~ that 111 11 
•10· ,Yhen th oTin lino· ~urfn i::-- near th r t. 
th re i::-; 1 ::-;, nam L nn 1 t h lf-.Jrnrr · 
.--urfa 1. mu ·h 1 . ::-- l rf t . h (_ nt r 

F io-. : -L l -pp r gr ind r p . 111. t f h or c JO r 
11 >. nr. ol l cut in ,j di n~: sh " ·ino- pnt rn f 
nam l nt Yari u~ no- . 

C. l1. Braneht>" of the pulp l'a\·ity 
E, I.. Pulp c·a\·it~· 
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p > tt rit r li:rnH t r >f th cr ,,·n i.· ab r dt1<·< 1d t )\\:tl'<I it J,a ·. 
I•igur ; ~ .-h ,, . ., .. tn u1 I r right 0 Tind r (JJ. 111. 

1
) >I' a !tor. c• t<·11, r 

1 y 11 y \ill'. ' l l. rl h 1< ( hi,· ·ttl in fiy .· di< 11. · , :tlld I''\' al. Oll ·a"11 
('llt :nrfa ·t, th patt rn >I' 1ian1tl whi ·h will h pn·:< nt 1 >ll tli • 11al11r

.. dl~· ,n rn grin li1w :u rl'ac a ·a ri >ll.' rw '. ·. 
1 ·ti rn ~ l i: ,J li .. t <)'ram >f th nn t nrnl 0Tin liner . ·urfacc ·v it a pp •an d 

in lif , .. 111 l :ht w: i.l Y ry · 1n1 li ·nt l pnU< rn < f n·rnl l, ·rn l hro·c C'ul. ·-dc·
: .. H· alm ):t · m1 l t l~- fill l wi h ·mot. 

ti n wl i ·h i , ·ut m an l n -f urth in ·h .· fa1 tlwr al 1w th< 
·r \\·n, h "·· T nt -- implifi n i n f nan l 1 tt n ancl h ·ul. ·- l -:· · 

nr mu h mnll r. I 111 vitv (h) r p n l ut 
'" ultl hn Y b n fill l ,Yi h n "' l ntin l f r th 1 tur 1-grinclin ·. · ir

h r a h l thi 1 int ,Yhi h t k . pla ,Yh n th h r.· i. appr X1-

m·1t ly hr nty-fiy y ar ] l. 
cti 1 Th low r 1 r l 1 f nam 1 -n·hi h mark th f 

th r "\\n -n·h r ut i om -n hat in g 
Pnc.111 l lin i in mplete. Thi xplain th thr e pa · 

n in th xt rn 1 nam 1. 
r ntir l> liminat d an l th 
r r lu l to a minimum. 

po t rior diam ter i al o gr a tlY· 
Th bran he nf th pulp a vity ar unit cl a 
thi point (h) wh re the root be in to liv rge. 

Ficr. 3-_ LmY r pre- Thi to th p. ni. !l. being th om· t tooth 
11 lar (p. m. 3 ) f h r in the grinding t would not worn down 
or year old th ba of the cro\\n until the hor e r ached 

thirt} -fi e or mor } ear an ag very rareh .. 
attaine l. ction of grinding teeth on exhibition, parti ularl} p c1-
men To . 5 will b of inter t a illu trating truct ure an l "' ar. 

The low r molar in their con tructi n ar quit imilar to th 
upp r.., one of the mo t triking liff erenc bein th ab n of th ul -
1 - ac. ~Iu h the am re ult i acquired how v r by the v r T de I 

fol ling in of the ext rnal enamel ,Yhich at vari u point ahno t m et 
to\\·ard the center (Fig. 3 -) . Th low r molar ar al o narrower in their 
tran ver em a urem nt . 

Ther ar everal point whi h om tim 1 ad t a littl confu i n in 
ob rvin the grin ling urface of th~ m lar . FoT xample at the bot
tom of the deeper concave urfa e of cl ntine b t" n the enam l line 
ther i a dark brown mark which i omctim mi tak n for a fourth 
material but i 111.erely a coloration of the cl ntine. 

In the upper molar -n·e generallv find two mall ca vi tie (Fi0 · . 33A. 
and ) one in each cul-de- ac ,Yhich ometim Tve n to qu .__ ti n-
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uw.- all l i 11d l th r • lw v · lH· ·11 : windl( r. · ,nu ·quc 1 1"tcli11 · ~, , . nm i-. ,. 

d nti .. , who \\' rnl l rl adly ' fill ' ( m he r: ( .· 1P • h for a n n. ona hl 

· n, ·id rat i ) 11. rl I •, · 1 ·a vi ti P: he \\'( V( ran l nf ctly norma l ·uHl w ha · 
pn i ' l 1.\' h c·on liti 11 lH r a .· in h inci.·or.· ·x ·( l t t hat in the m lar 
th ·c 111 nl i.· ,. •ry 1nn ·h thickc r an l tlw pr ,'(' ll ·c· or ah · 1H· )f t l 
·av it y l( p 11d.· .·imply upon th thi ·kn .-.· f he c· m nt. 

lt will l> 1 .·c •11 th t t wh r th tooth come•,· i11 do.· 1 cont a · \\itl i , 
n .· t 1H io·hhc r , tlw c Ill nt i.· mi,'. ·i1w an l ind c·cl .·cm tini ,' tl • ·011-
t inuotv 1inc of xt ri.t 1 n,un l i.- brok 11 (I~ig. :3t ) . rl hi .- i.· lu t 'L 

.-lightwnronth .·il • f h t)th. Th •r i.· • ,·trngtnc. t Twcl 
tc war l rn ch o h r tlnv pr ,nting · · 1 b tw 1 

t h 111. 'Ih .·light . . . in. r 

.·oek t affc r l.- . uffi th r an l 
n].- xplain ,· th , pp vhi ·h w 
fr u ntly :-: . · i f 

a n b t b b · r h nm 1 r f 
.-kull ha . full 
1 ngth f h. 

Th o t ri r t nolar in li h 
fr nt "hil th oth r hr pr mol r l n 
(Fi ·. 7) i appli l on grin lin . urfac . 
t h y ar f r · 1 th r h of buildin ·. n 1 a · tl 

t h w r lown t p int of m 11 r diam t r t 110lar in x 
lcl age ( . um an alm t horizontal po iti n (Fi ) . 

C 

I• iO'. : •. cicluou.- molar 
(d . 111 . 

3
) of c-011 11 month:-

>hl. Xn urnl :-. iz . n, C'l'O\\' ll · 

b, hn~ of c·ro\\·11 · c, root 

Th Tin l r fron ral i w 

a mo t formid ble 1 k' 1 
' I gi OI id f 

and molar 
f ur r fi 
p und th 
t han th m 
u ual a in 

n l that full 
tak n fron fair- iz f 
) r , ill w i ·h ut f ur 

pr molar b ing a lit 1 1 r · r 
1 r a f · which i iit un

th pr mol r ar , 
an l nt a 

m j rity f m mm 1 
ry much inf ri r in :--iz 
\\':l al th a in t h 

1 

la ral Yi w ·1~ w 11 , :-.; 
fr m t h 0Ti1 lin · mf h m r hio·hly 
. ·p ·inliz l ·han t 1-. f h 1 nnan nt 
t th. m1 ·n th Y ry 1 n~ r wn.. f 
fi o·ur ' 7 ... l with tl l ·idu u . m h.r ( ~i ·. 
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Fig. 37. Dental battery of adult hor e 
A. kull 5 year old. P ermanent teeth a ll in u e 
B. kull 8 year old. Crowns reduced in length by wear and root grown longer. Ye tigial 

p. m. ! pre ent in this individual 
C. kull 39 year old . Crown almo t worn away. Lower molar incline forward. (The canine 

are ab ent in the female) 
59 



: ' ), wi l i .· h rt ·r \\11, ·l arly d fin l la. Eu an lflarin ro . . 
\\ , a r a 11 l 111 \ n 1 • 11 t f 1 r 1ll ) 1:. r: · n l rn hr. C" n lJ "' u l i l y ry 

r • dil)· fr< lll th, kull. · n xh1hiti n. tl r f whi ·h · r . h wn in fio·ur 

Ji >r th pr' 11t \\' will · IL id r rnly th lo\\' r th, wlii ·h will 
,l] 1 ly in a o- 11 ·rnl wa)' t tl UJ l r a. " ' 1L l h ur \\'tl f th t h 
I 0 ·in.- a th oTin lino- :nrfn '( in. icl, th · lv' hr ·· Yit ·, , 11 l 1 r c l. 
t \\'ardth·r t,th t th· 1:t·11tl:m vii · u1warl, rnitin ·nll -
o·innincr < \\' 'nr ff l f >r \ \ nth 'l' \\'ll i: e llll l t . 

ho-ur 1 
: - .. 1 .-h \\' ►' th :kull f a h r. · · l ut fiy y ·tr · )l l. Tl ~ 

le<'i lu tl.' .- ,t hn: 1 1 :h 1 an l th 1 nrn n nt t 1 nr all i11 u~ 
thougl h w lf t th (p . nz. l ) i.- n 

11 ·r wn f p . JJL -t th la. t th in h oTin lino- : t t r ,, ·h th 
w arino- lin j · n )\\' fully T wn h· Yino· alr acly 1 :t al ut h lf , n in ·11 
fr m \\' , r. It n( w m a:m : tl r and h· lf in ·h :, m· kin · t, 1 
1 no-tl f f m inch · t 1 .1 wly m Y l 11 war l ·rn l ". rn · w . l 

Y l p at th 1 a.· f h ·r wn. Th n xt 
ck , m T r .-- t p rm n n t h t r l 

n in th n uth. Th r \\'n i; · ". rn 1 wn n 
hd fv.m.-:r anlth r it · h · · 

In figur 7 B ,} ,Yin · a · n t 
haY all 1 er ptibl r r 1 r \Y ar n l r r 
1 ::5 l Y 1 p l tl f m. T b in · ahn mpl t }y gr \Yll. 

Th L kull1 in ur xhibit i n fr m n h rs thirtY-
nm . Th t ntir }y '" 1'11 a,y• y. 

ry mu h th r · r hi l · n l 1 ) · 
n x r m ·· f 1 t of em ~ u h in li n l 

f nrnrd 1 ar i ularl~ r m. 3 \Yhi hi '\Y rn 11 t I C. l'c t th t \Y 

ro t . In t l u1 p r t p. m. ~ i r I r ul rly ~ha I l 
hunp:- f n n "·hi ·h . urroun l th la t fr ·m n . t~, Ir 1 no-in~ 
t tl utm .~t tl ir v ry 1 u h imp ir cl rY1 ~ 

ERUPTION OF THE TEETH OF THE HORSE 

TH ,. .. 1 ific1. ti n f all h l i lu u, t th an l ·1b m. i· 1 °·in. 
1 for l irt h. '\ Th 1 th lt i b r n, d. z'. -1 n n l rl. m . ~ ~ n l I a r 

Y ry n ar th ~mfa f th ~um. ·rn l · n rally ru1 t within '"" 
r tln day:· d. m. 1 i. cit f 11 \Y lurino- th fir::--t mm h; 1. i . g: 

th h:t d ·i lu u: t th t ru1 , mnk it~ a1 1 arancc a.~ lat a -- th 
ighth )rt 'nth me nth. h thr l icluou. m tr~ .~ m Y ry h r 0 · f r 

, 'int~ writing, a ,-kull 1:? 12 .\'C':n, old has b n obtain d,. '1w<'illl n ·o. 1:1 . on C'\:hihition. 
· , J c·im n u. 1:3:? 111 "all C':l", ,how" intt'n,,...titl!! xampl ,,... o r 11f111eC'm •nt by t· •m nt in x reme 

old ag . 
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Fig. 3 . D ntition of th colt 
A. Colt 2 day old howing deciduou teeth and beginning of m ~ 
B . Eleven month old. D eciduou teeth omewhat worn and permanent et developing 
C. Two ear old. Deciduous teeth very much worn and permanent et partly in u e 
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h : 1z >f th youn°· .·1-- ull tlwir an u· -J ,· t ri rm · : ur m .n l i1 · 
1i l l o'l' a r than t ht t f th ir .-u m h n l c •up· r l 

ntir :1 ac in th .+ull whi ·h will fin( lly ac · nm la h ·in l-
i 1 w : t , .- t ht t ,11. 1 i : ·r wd l ft r l · · · n 1 th 
ah' lnr ·avity lir , ·tly I l w h . u A, 
·c 1t t w > day.- )! l. 1 hi: di.- c:r( P<- n · h " · · · l. 

f· ,·ta. thL in ·rrn: inO' ,·iz f th ,·lull will 1 
r rward with a h ri z nt-ll m m ni m· ki1 r h 
1 Y l>Jlll nt ol' tlH rno1nr · achon r ,· ig1 · · · ·wtl 

· and 11H Yitw f n·war 11 f r a m rn h 
l rntion 1 ing about th ·n h l w r · r l. 

'Ih inci ,· r: ·11. · n r a h u1 nth r gi 1 f h ,cry ,·m all d. c. -:-
1 t r t i ·ulurly l. i . 3 whi h · it ,v 111 a ·l f t l cl. c. -:-
(Fi ) . ,' tl j w gr . i·. "J n l ::m 

. f1 d. C. - •. 

v n m nth (Fi . 3 B ) th ·du 
n h . a bl worn. m. _!_ , hi h i l u 

tl h . d " n 1 rf ull in 1 ng h n l h 

nl 
v:ithin 

l f r-
" · · 1 t und r t m. ~ wh· 
t abl and l lV · · rwarcl 

100 t of d. m. ~ ,, hi h r fl . ly 
u makin · room f r th n , · fi a ti 11 f 

p. m. 1. i , ju b ginning. i . t i d · n l n in p 1m 11 
1 f r l c: kin th al olar avi m h r t f d. i . + bu i not 

Yi. i l 1 in th . 
In figu a olt f t, o 

l rm n n t t pt i . 2 . Th 
n rly rn wa whil th root 
th a now tt ain d 
fir t ru pt ha b · 
ju i . · root... ni . 

·gh alv ol r vit 

. . ll he 

m lar are 

iz . m. _!_ he 
u t. a · ar an l i .._ 

th an l i 
n in it 

un n -n m. 2 hi h b th tun it i full oT m will ha -ve 
n rl) b in h n t ri r t it nt iti n. 

-
SHEDDING THE~TEETH 

B F R -1 th l i lu u m lar ar h h r ,yn r ~ ln t n-
t i r 1 r w rn w L 11 th n ' id l \Y l i 1 h l by 
th n wt th nth th r that th r i ._ n ·111 fra m nt 

f h r (, 11 1 . t. . l tim f , h l lino· may Yan'" (, munb r f m nth : 
" t hr xin at ly d. m. ~ t n l ~ ar h xp in· th crrind-

1 n xhi l iti n in wall ca.('. 
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in()" :mLtt· >I' /J. Ill. ~ ~rnd L JJl. l nnd ~ ar in 11 ,· c· a11 l :--011H what ,,, >r11 . 

. \t , 1 out thr 'an l n< -hnH. ' nr,· cl. i . ! \\ill ht .fo d. \ t four ( li e· .· Ii cl-
litw r I. Ill. l f)ll)\\'SY(l'_'" ·1 ,·d. ' nl't<r )I' ," (1))('1illl ,' dming the• el'\lp-

t it n of 111. ., . . \ lit tl ht rd. i . ~ i: : h l. \ t ~ hout fi <'or: littl ·before• 
th ·,min 's will I'll] inn 1 cl. i. ~, r ,·h l · n<l ih 1 nn ~ n< nt 1 11ti ion i: 
·dl in u. <. l h r nr · mun r f ~·1 ·irn n.· n ,'hil iii n in t hr wall 
ns '. 11 t fi 0 ·m 1 jn hi ' l ,' ·ri1 ti n whi hit. , 11 l 1 w 11 t ·0 11. ·tdt in 

nn ·ti< n with lh sh l li1 g ft th. 
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