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I~," size is the only var.iable that  is responsible for the change of form 
during the evol,tion of the equine skull, then the skull o[ a modern horse 
should manil!est the primitive features of Eohipln~s when, and only when, 
it is of the same M~solute magnitude. Likewise, the characteristic pro- 
portions of Mesoh@l)us would be reproduced when, but neither before 
nor after, the horse has attMned the corresponding size. Fortunately it 
has been possible to test this proposition and to lind in its conlirmadon 
independent evidence for tlle conclusions of the previous paper. 

A quantitative description of "continuous" evolution in the horse 
has been presented. In this family the amount of pre-optic or facial 
preponderance is readily given by the ratio of face length to post-optic 
length, termed the "facial index". The progressive advance of this index 
from about 1.2 in the four-toed species to nearly 1"8 in the one-toed 
species is a convenient measure of evolution. 

To demonstrate the reappearance of the facial index of any given 
ancestor in the modern Equidae, one need do no more than select the 
skeleton of a domestic horse when it has arrived at a comparable size. 
Thus, for example, a young Percheron of the dimensions of Eohippus 
resartus happens to be a live months old foetus, and in each the facial 
index is exacdy 1-2 as predicted. 

Data concerning the development of exfiant species of wild and 
domestic horses were obtained from specimens in the American Museum 
of Natural History and are listed in Table I. The domestic animMs of 
known age are so arranged, but the others are given in order of size. 
These data are shown in Fig, 1, where they are superimposed upon the 
graph representing aneestrM and related prehistoric forms. It is obvious 
ths, t all points, both ancient and modern, lie along a straight line and 
are indistinguishable. Theb homogeneity is further attested by a coeffi- 
cient of variability sensibly unaltered during ninety-five million years. 
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Since the two series are algebraically identical the burden of proof lies 
upon him who would consider them dissimilar. 

DISOUSSION. 

During tim growt, h of ~Se indivich:al, change of form is quantitatively 
dependen~ upon change of size in a vast nmnber of eases, as wiimessed 
by the growing literature on relative growth (Huxley, 1932). Now it has 
been demonstrated that  during the growth of f, he race change of form is 
a function of the inde]?sndent variable change of size. Moreover, with 

TABLE I. 

P,rogressive fa, eial prqpondera, nce ~;'~, th~ foetal and post-,natal develol~ment 
of the horse. (Matu,re specimens arranged in order of size.) 

Faei~d 
8kn[l Face "Cranium index 

i3{useum length length length" (ikee/ 
Specimen No. ore. cm. em. cranium) 

Foetms, 5-6 monfhs 2 15.2 7.9 7.3 1.08 
"16"3 "9'0 7-3 'I=1"23 

Foetus, i0 inoni;hs 1 26.4 15.4 ii'0 1'36 
(Zebra ibal) -- 26-7 15.1 11.6 1-30 
New-born "~roI~ter" 66 33.0 19.2 13.8 1.39 
(Shel~land pony, live weight 170 lb.) - -  33"0 20'0 13"0 1"54 
New-born work-horse "15 33"8 20.5 13.3 1.54 
4-6 weeks old colt 34 36.7 21.7 15.0 1.45 
9 months old colt 36 4d.4: 27.0 17.4 1.55 
Ii months old ool6 38 48.2 29.3 18.9 1.55 
(Equus zebra,) 169 49'3 30-5 18'8 1"63 
2 years old horse 43 50.0 30'7 19'3 b59 
31 ye,~rs old horse 146 51'7 31'3 20.4 1.54 
(Arab s~Miion " N i m r " )  59 52.0 32-0 20-0 1"60 
(Trotter "Ehner  Wilkes") 76 56.0 35.0, 19.0 1.85 
(Thoroughbred "Sysonby" )  61 56"0 35.0 21'0 1'67 
4½- years old horse 37 56.0 (35.0) ' ]"  (21.0) (1.67) 
(Yellow Dunn) 159 56.5 36.0 20'5 1.76 
25 years old horse 50 59.5 36.5 23.0 t.59 
(Gelding t, ruek-horse) i,I,132 62.0 39.5 22.5 1.76 
(Percheron, live weigl/l) 2370 lb.) 62 69.0 43.0 26.0 1.66 

* Measurement includes unossifled e~rt, ih~ge of premaxilla. 
"[" Bracketed numerals a, re approxima, bions. 

respect Lo facial preponderance, ontogeny in the horse both repeals and 
outruns phylogeny, in tllat living varieties are in some instances larger 
than any predecessor. 

It  is stilt too soon to raise the subjeet~ of "recapitulation". This 
partial study of evolution will be supplemented by other data showing 
that foot development, in the horse does not repeat phylogeny. As briefly 
inLimaged (t¢obb, 1932), discontinuous evolution is ma.nifesl~ed in these 
structures by a single, abrupt reduction in the size of the anlagea of the 
second and fourth toss. The oM maxim "OnLogeny repeat, s phylogeny" 



is a par t ia l  t ru th ;  the processes are identical only if evolution has beml 
eonthmous,  they  are not identical if any muta t ion  has intervened. 

These data  do seem to suggest orthogenesis, if by t h a t  is implied a 
cont imti ty  of change, in a direction predictable from the first two or 
three members  of the series, wi thout  reference to the mechanism in- 
volved. This definition precludes interrupt ion by  r andom mutat ions  in 
various directions and of diverse magnitudes.  No muta t ion  of pa,~tern 

'Ont~ogeny of l, ho equine face 
crn, 
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Fig. 1. Face lellg~h in relation to t~otal skull lengLh, represent.ing foetal and post-na~aI 
development of the modern horse, superimposed upon poinbs (crosses) tbr ancestral 
and prehistoric species. Circles: young domestic horses; open circles arc prenatal, 
shaded al~ birth, solid for eoll~s. Squares: adull~ domestic; ol~en {'or Shet~land, shaded 
for Arab, thoroughbred, elm., solid for Percheron. Triangles: modern wild species; 
open for zebra colt, shaded for adult zebra species, solid for I~2iang. 

has been discovered in this material .  The form of the skull is an identical 
function of its to ta l  length whether  we compare growing individuals or 
the same species or adults of ancient and[ modern species. This algebraic 
analysis excludes also the possibili ty that  evolution has taken  place 
through ~he accumulat ion of numerous small muta t ions  of form. Con- 
t inuous evolution is in t~his case adequate ly  described as the result of a 
sequence of changes in total  size. 

W h y  does change of size alter form~. This occurs inevi tably  whenever, 
Journ. of genct~ies xxx1 4: 
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as in Fig. 1, the linear regression line of the graph fails to pass through 
the origin (where both ordinate and abscissa equal zero). [['his raises the 
question whether, in Fig. 1, the regression line, if projected downward, 
would actually intercept the base-line, or would trail over to the zero 
point. In the former case a first degree equation would suffice, otherwise 
an equat:ion of an higher order might be required to describe the data. 
Other one-dimensional studies of skull development are available for 
comparison, but are subject to the same limitation, except in cattle. 

~1~ilanotheri'l~m (Osborn)  : l?~me = 0 . 4 7  s k u l l  l eng th ,  plus  4 '0 cm.  
C~I.t, le on~ogcny (Robb ,  u n p u b l i s h e d ) :  ,, =(1.53 ,, p ins  0.0 ,, 
Sheep-dog  oni~ogeny (Beche r ) :  ,, =0.5~1 ,, less 1.5 ,, 
Hot:so ( p h y l o g e n y  a n d  onCogeny) ,, = 0 - 6 6  ,, less 2 '3 ,, 

If for theoretical reasons one prefers to use the more general equation, 
for which a physiological basis may be assumed (gobb, 1929), the same 
data can be described tlms, without recourse to an x or y intercept 
constant. 

~'itc~tzoll~criu,~: ]~,'~,ce l e n g t h = 0 . 6 0  (skul l  l eng th )  ~)'~ 
D o m e s t i c  c a t t l e :  ,, ~ 0 ' 5 3  ( ,, )i.00 
H o r s e :  ,, = 0 ' 3 0  ( ,, )1."-~ 
Dog :  ,, =0"28 ( ,, )1.50 

Since most of the known examples of relative growth are exponential in 
character ~he second group of equations are perhaps more complete. The 
issue can be settled only by the examination of much younger embryos 
than are at present available at the American Museum of Natural 
History. 

If size is the only variable responsible for changes of skull shape 
during the evolution of the horse, to what cause may we attribute this 
serial increase of total size? If Eoh@pus had been as large as the draft 
horse, or if Eotita'nops had approximated the bulk of its distant off.spring 
B~'ontothe.rium (Fig. 2), the concept of orthogenesis could not have been 

}~ig. 2. A ,  Eotita'~to,)s borecdis, ances to r  to B, Bro~lolhcri'llm gigas. (Each  to  s~m~e sc~de, 
1/200, a f t e r  Osborn.} N o t e  impori~ance of s ize  changes  in  t i l e  e~mlution of i b rm.  
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derived h:om bhese mammals. The geological records do confirm an 
evolution toward greater size, but the enlargement has been very erratic. 
Even a,t the present time the size range within a single species is ex- 
tensive. Tlle following observations by Ohubb will emphasise that point: 

Measurement  Shet land pony Gianb draf t  horse 
~Veighb in lifo 170 lb. 2370 lb. 
Hieight ag shoulder 2 fl,. 9~ in. 6 ft. 1 in. 
]3ulk of hmnerus 9½ cu. in. 119 cu. in. 
]3ulk of femur 13½ cu, ill. 188 Ou. in. 

It  wilt be noted that the draft horse weighed fourteen times as much 
as the adnlt Shetland; the latter may have been over 100 lb. heavier 
than its four-toed ancestor but it coexists with members of its own species 
tha t  outweigh it by 2200 lb. Its facial index is comparable to that of 
the three-toed Merychil)l)us rather than to its contemporaries. I t  is 
therefore entirely possible to conclude that the occurrence of apparently 
progressive size augmentation in certain families is partly illusory and 
wholty fortuitous. Some type of selection may have acted to eliminate 
the lesser forms but we may accept the so-called "orthogenetio" trend 
in the evohtion of the horse as in entire conformity with the law of 
maximum probability. 

1. Very extensive changes of form appear during foetal and post- 
natal development in the horse as quantitative functions of increase in 
to~al size. 

2. These developmental changes of skull shape correspond precisely, 
if comparison be made between specimens of the same absolute magni- 
tude, to those shape transformations arising during the evolution of the 
h o r s e .  

3. Since.progressive pro-optic preponderance ill the individual and 
in the race is algebraically the same function of total size, one may 
analyse the form of any horse's skull, either ancient or modern, as the 
manifestation of the characteristic equine skull pattern modified only 
by the absolute extent of growth. The post-optic extension of  Hyraco- 
thorium and the pro-optic preponderance of EEuus are believed to re- 
present a shlgle embryological pattern, of which diverse manifestations 
oecm' as a, function of total size. 

4. The appearance of an "orthogenetic" trend in the evolution of 
the equine skull is due to the attainment of successively greater adult 
sizes by the more recent genera. 

5. One may interpret the progressive augmentation of racial size as 
4-2 
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a f o r t u i t o u s  oecm ' r ence ,  possibly a, ided by s o m e  na, t t t ral  se lec t ion ,  l?erh~q)s 

c h e m i c a ] l y  d e t e r m i n e d  b y  t h e  m u t a t i o n  t e n d e n c i e s  of  c e r t a i n  s ize genes ,  

b u t  no t i n c o n s i s t e n t  w i t h  t h e  n a t u r e  of p r o b a b i l i t y .  
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