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I. INTRODUCTION 

In the study of fossil horses of ten less attention is paid to the post 
cranial parts, though there are many interesting facts and features to be 
Been which can improve our insight into the taxonomy and evolution of 
the horse. Many genera and species of horses are known only by teeth and 
skull characteristics, though there exists an abundant material of post 
cranial bones. 

The original aim of this study was to see whether the extensive material 
of fossil horses of Chihuahua (Mexico) stored in the Los Angelos County 
Museum would enable us to differentiate the previously described 4 horse 
species, on the morphological characteristics of the manus bones. The 
horses, N eokipparion floreIJi, N annippus c.f. minor, Pliokippus Pliokippus 
mexicanus and Pliokippus Astrokippus stocki have so far mainly been 
known by their skull and teeth characteristics (LANCE, 1950, STIRTON, 

1955). In the Hemphillian material from Chihuahua the bones are present 
in big quantities and are weIl preserved. 

In order to understand whether the morphological differences found in 
the manus were primitive or progressive, it was necessary to go into the 
phylogeny and function of the manus and to study the changes from the 
Oligocene M elJokippus to the present Equus. It turned out that, though 
much has been written about horse locomotion and evolution, Bome 
important changes have never been evaluated sufficiently wen or have 
been interpreted wrongly. 

Once concerned with this it became the main subject of this study. 
The Chihuahua horses were taken as example of what kind of different 
locomotion in horses we can encounter in Hemphillian North American 
horses. 

The major changes in post cranial skeleton during the horse evolution 
BQ far described can be summarized as foIlows: 

a. increase in the Bize. 
b. development of a locomotion mechanism which was more efficient in 

running for a bigger animal. The better performance of the running 
mechanism of a bigger animal which left the forest and became a 
grazing animal in the open grassland involves the more pendulum 
action of the limbs and loss of lateral flexibility (seen in the fusian 
between radius - ulna and tibia - fibula, ulna and fibula tend to become 
vestigal). The development of pulley-like joints, the loss of padded 
feet, reduction of the side toes and in consequence the increase in 
weight falling on the enlarged third digit. The development of a 
ligamental springing mechanism in monodactyl horses. 

The relative lengthening of the phalanges and in consequence the lift 
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of the foot nom the ground, thereby losing its pad, however has never 
been evaluated sufficiently weIl. This relative lengthening of the phalanges 
resulted in proportional increase in the pressure in the fetlock joint. The 
phylogenetical changes found by CAMP and SMITH (1942) in the digital 
ligaments must be explained by or are associated with this. AIso a change 
in size and shape of the sesamoid bones can be noted. The sesamoid bones 
are interposed in the course of the ligaments and tendons and enable 
them to act in a mechanical advantage. AIBO these bones that are function­
ally sa important have never been studied adequately in fossil harses. 

In this study an attempt will be made to explain functionally the 
phylogenetical changes in the manus. 

Original material from Mesohippus, Parahippus, Merychippus, Anchi­
therium, Nannip'fYU8, Hipparion, Pliohippus and Equus was investigated. 

The fundamental and penètrative study of the digital ligaments of 
CAMP and SMITH (1942) was a constant source of data and guide to the 
functional anatomy of the horse foot. 

The following abbreviations are used: 

C.M. = Carnegie Museum, Pittsburgh 
G.I.U. =Geological Institute, Utrecht 
L.C.M. = Los Angeles County Museum 
U.F. = University of Florida 

The following names for the carpal bones are used (between brackets 
synonyms): 

A. Proximal row, Navicular (scaphoid radiale), Lunatum (semilunare, 
intermedium), Triquetrum (ulnare, pyramidaie), Pisiform (acoossory). 

B. Distal row, Trapezium (carpale 1), Trapezoideum (carpale 2), Magnum 
(carpale 3), Hamatum (unciform, carpale 4.5). 

All measurements are given in millimeters. 



SUMMARY 

The phylogeny of the horse manus is described and an attempt is made 
to explain its function. For this reason original horse fossils from North 
America and Eur-Asia were studied. The phylogeny of the manus bones 
is fust considered separately and next in relation. When the manus was 
studied as a whole it turned out that the general procedure to put the 
manus of fossil horses in the same position as Equ'U8, when its phylogeny 
was described, is wrong and therefore it gives misleading results. When we 
compare in this way, for example, Mesokipp'U8 with Equ'U8 in rest position, 
the fetlock joint of Mesokipp'U8 will be in maximum dorsal flexion and the 
manus rests on the tip of its third digit; this position probably never 
occurred during locomotion. And thus the impression is created that the 
laterals are farther from the ground. 

The morphological differences between A nckitkerium and M esokippu8 
are explained allometrically. 

In the Parakippu8-Equ'U8 lineage we find a lengthening of the median 
phalanges, greater flexibility of the fetlock joint and a change in position 
of the manus which finally results in that of Equ'U8. 

The phylogeny ofthe digitalligaments given by CAMP and SMITH (1942) 
is considered as accompanying: 

1. lengthening of the central phalanges, because of it the foot lost its 
pad, more weight was brought down the third digit, 

2. the fetlock joint became more flexible and about 40° more dorsal 
flexion was possible in Equ'U8 when compared with Mesokipp'U8, 

3. the lengthening of phalanges had great mechanical consequences 
because a heavier strain was thereby put on the fetlock joint and 
ligaments, 

4. a same lateral movement in the fetlock joint results in a direct pro­
portional (to the lengthening) movement on the ground. 

The degeneration of the muscle interosseous into atendon took place 
relatively late in the phylogeny of the horse. Only in monodactyl horses 
is the tendification complete. This could be leamed from the shape of 
the third metacarpal. 

Three types of feet are distinguished: 

1. the padded foot in the Mesokipp'U8-Anckitkerium lineage. The lateral 
digits are also in contact with the surface in rest position. The lateral 
metapodials were still able to spread from the distal part of the central 
metacarpal. 
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2. the tridactyl tip toe foot, for example, Parahippus, Merychippus, 
Hipparion. This foot is still tridactyl but in rest position the laterals 
do no longer touch the ground. This was due to the lengthening of the 
central phalanges. The lateral metapodials are tightly bound to the 
centra!. The position of the fetlock joint can be regulated to a certain 
extent by the musculus interossoous which results in quite an "all­
round" foot type. 

3. the monodactyl "springing" foot type for example, PliohifJ1YU8, 
Ple8ifJ1YU8, Equ'UIJ. The centra! phalanx lengthening is maxima!. 
The musculus interossoous is changed into atendon which together 
with the digitalligaments forms the so-called "automatic springing 
mechanism" . 

Some other properties of skull and limbs we have related to the phy­
logeny and function of the manus. 

Finally it is tried to reconstruct the paleoecology of the fossil horses 
and specially that of the Chihuahua horses. 



ACKNOWLEDGEMENTS 

The writer is indebted to Drs. E. H. Colbert, M. C. McKenna, E. L. 
Simons, A. S. Romer, C. W. Hibbard, C. B. Schultz, J. A. Shotwell, 
R. H. Tedford, G. T. James, J. F. Lance, J. A. Wilson and C. L. Gazin 
for permission to study the collections stored - and for the hospitality 
at the American Museum of Natural History, the Peabody Museum, 
Museum of Comparative Zoology-Museum of Paleontology University 
of Michigan, University of Nebraska State Museum, University of Oregon, 
University of California Berkeley, University of California Riverside, 
University of Arizona, University of Texas, U.S. National Museum. To 
Dr. S. J. Olsen, Florida Geological Survey for comparative horse material 
from "Thomas farm". 

To Drs. T. Downs, Los Angelos County Museum; C. E. Ray, University 
of Florida and C. C. Black, the Camegy Museum for the loan of specimens. 

The author is greatly obliged to Mr. and Mrs. M. Skinner who made by 
their unfailing hospitality and enthusiasm for horse study and collecting 
the stay in America an unforgettable experience in every aspect. 

Professor Dr. G. H. R. von Koenigswald provided me with facilities 
to study the Utrecht material. 

Further I am grateful to Professor Dr. M. Crusafont Pairo (Sabadell) 
for hls stimulating discussions. 

To Professor Slijper, Zoologicallnstitute Amsterdam for giving access 
to the movies about Rhino locomotion. 

To Drs. P. van Bree for studying recent comparative material in the 
Zoological Museum Amsterdam. 

To Ira. L. H. Sondaar and G. H. Wieneke for discussing the biodynamics 
of the horse manus. 

To Taseer Hussain for reading the manuscript and discussing the subject. 
Mr. J. Luteyn made the figures and photographs for which I am very 

grateful. 
This study has been made possible by a Nato postdoctoral fellowship of 

the Netherlands Organisation for Pure Scientific Research. 





11. PHYLOGENY 

A. CARPUS 

Studied material. In describing the phylogenetic changes in the carpus 
from M e8okippU8 to EquU8 the following material was studied: 

a right manus from Me80kippus CM 996 (Oligocene, Wyoming). 

Parakippus material from Thomas farm (Chilchrist county Florida) 
stored in the Museum of Comparative Zoology and the University of 
Florida (Miocene). 

Neokipparion, Nannippus, Pliokippus material from loc. 275 Yepmora 
(Chihuahua Mexico) stored in the Los Angelos County Museum 
(Hemphillian). 

H ipparion material from several Spanish and European localities. 
Anckitkerium from Steinheim (Germany) stored in the Geological 
Institute Utrecht. 

specimen of M eryckippus and other horses were studied from different 
provenance, while several data were taken from the literature which 
will be indicated in the text. 

1. 08 navicular (fig. I) 

The os navicular is the largest of the proximal row and imparts the 
weight of the body to the os magnum and the trapezoid. The proximal 
part is convex in front and concave behind and articulates with the medial 
facet on the distal end of the radius. In general the intensity of the con­
cavity and convexity is most pronounced in the geological younger 
horses (fig. IA). 

In M e80kippus the anterior part of the bone is narrower than the 
posterior part, while in Parakippus this is changing and the anterior part 
is broader than the posterior. This is also found in Meryckippus and 
Hipparion, but in EqUU8 and PliokippU8 we can observe a broader posterior 
part which is sometimes in contact with the lunatum. In the tridactyl 
horses the lunatum and os navicular are in contact only on the anterior 
side (fig. IC d, e). The extra contact with the lunatum in EquU8 shows 
a more restricted movement between these bones in EqUU8 as in the 
primitive horses (less lateral movement in the carpal joint, as GROMOVA 
(I952) explains it in describing the differences between EquU8 and Hip­
parion). In Me8okippus, though the posterior part of the navicular is 
broader than the anterior, no contact existed between the posterior side 
of this bone and the lunatum, because the tuberosity on this part (typical 
for later horses) had not yet developed. The broader posterior part can be 
explained by the fact that a bigger part of the weight was shifted to the 
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trapezoideum. This is also clearly seen when we study the distal side of 
the navicular (fig. lB). 

In Mesohippus the surf ace ofthe articulation facet for the trapezoideum 
exceeds in size that of the magnum. In later horses the facet for the 
trapezoideum decrease8 in relation to that of the much broader magnum. 

A 

· 9 

c 

MESOHIPPUS 

2cm 

PARAHIPPUS PLiOHIPPUS 

Fig. 1. Os navicular (right). 

Meaohippus sp. 
Parahippus leonensiB 
N eohipparion floreai 
Plwhippus ~nU8 

collo no. 996 C.M. 
collo no. 4088 U.F. 
collo L.C.M. 
collo L.C.M. 

A. proximaJ view B. distal view C. la.tersl view 

80. facet for articula.tion with tra.pezium 
b. facet for articula.tion with tra.pezoideum 
c. facet for articula.tion with magnum 
d. proximaJ facet for articula.tion with lunatum 
e. dista.l facet for articula.tion with luna.tum 
f. la.teral facet for articula.tion with magnum 
g. volar tuberosity 
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Only in Eq'Uus can we notice a proportional increase in the facet for 
articulation with the trapezoideum. This seems to be in contradiction 
with the general evolutionary trend. The trapezoideum imp arts the weight 
to the second metacarpal which is reduced the most in Eq'Uus. We can 
explain this perhaps as follows: in Eq'Uus we note that the distal articulation 
surface of the trapezoideum possesses also a facet of articulation with the 
Mc 111, lacking in earlier horses, so part of the weight is shifted to the 
Mc 111 (fig. 6C b). On the distal volar side of the navicular we notice in 
primitive horses a clear facet of articulation with the trapezium which is 
greatly reduced or lacking in Eq'Uus (fig. IC a). This facet is variabie in 
size and it makes an angle with the facet for trapezoideum. It seems that 
in M esohippus the angle is less pronounced than it is in the later horses 
and some of the weight was still imparted to the trapezium. In Parahippus 
and later horses the trapezium was more attached to the carpal and did 
not bear weight and might have had some function as an ascessory bone 
interposed in atendon. The lateral surface of the navicular bears an upper 
and a lower facet on its anterior part for articulation with the lunatum. 
These facets are the most pronounced in Pliohippus and Eq'Uus (fig. IC d, e). 

In tridactyl horses we notice another important facet, posterior to the 
distal facet for the lunatum (fig. IC f). This facet is in articulation with 
the os magnum when the carpal joint is flexed. The height of the bone in 
the back exceeds in the tridactyl horses the same measurement in the 
front. Perhaps this can be correlated with the changed stand of the manus. 

2. l'Unat'Um (fig. 2) 

The proximal part of the bone is saddle-shaped and articulates with 
the middle facet on the distal part of the radius. On the distal surface 
there are two articulation facets on its anterior side, one for the magnum 
and one for the hamatum. In M esohippus these facets make a sharp angle; 
in the later horses this angle is less sharp and is in Eq'Uus nearly 1800 

(fig. 2A a, b). In primitive horses the facet for articulation with the hamatum 
is relatively big and shows that more weight is shifted via the hamatum 
to the fourth metacarpal (fig. 2B b). The facet of articulation with the 
magnum is convex on the anterior side and concave on the posterior 
side. This concavity is more pronounced in tridactyl horses and is more 
bowl-shaped in Eq'Uus (fig. 2B d) which suggests that in the more primitive 
horses more lateral movement was possible. In this way we can explain 
also the more concave facet for the hamatum in Mesohippus and Para­
hippus. 

3. triquetrum (fig. 3) 

GROMOVA (1952) notes as differences between Hipparion and Eq'Uus in 
the triquetrum the following: 
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A 

B 

2cm 

b~a !i"~~ ' 
d ~ . 

""-

MESOHIPPUS PARAHIPPUS NEOHIPPARION 

Fig. 2. Right luna.tum. 

Mesohippus sp. 0011. no. 996 O.M. 
Parahippus leonen8is 
N eohipparion fUwesi 
Equua cabaUua 

0011. no. 4091 U.F. 
0011. L.O.M. 
0011. G.I.U. 

A. dorsaJ view B. disW view 

a., d. fa.cets for a.rtioula.tion with magnum 
b. fa.cet for a.rtioula.tion with ha.matum 
o. fa.cet for a.rtioula.tion with radius 

a. the bone is relatively higher in Hipparion. 
b. the distal articulation surface is more curved in Equ'IUJ. 

EOUUS 

c. the distance between the facets proximal articulating with ulna and 
pisiform (fig. 3A a, b) is in Hipparion greater than in Equ'IUJ. In the 
latter they are often connected. 

The same differences can be noted between N eohipparion and Equ'IUJ. 
In M e8ohipp'U8 and Parahippus the facets for ulna and pisiform are also 
in most cases connected. KOVALEVSKY (1873) notas the same in Paleo­
tkerium magnum. The angle between the facets is leas pronounced in the 
older horses as M e80hippus and Parahipp'IUJ and the triquetrum in these 
horsea is not relatively higher than in Equ'IUJ and even relatively lower. 
In the youngest horses the facets for the lunatum are the most pronounced 
(fig. 3B c, d) and shows that here these carpal bonea were more tightly 
together and leas lateral movement was possible. 
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A 

B 

2cm 

b 

MESOHIPPUS NEOHIPPARION 

Fig. 3. Triquetrum (right). 

Mesohippus sp. 
N eohipparion ff,oresi 
EquU8 cabaUU8 

0011. no. 996 C.M. 
0011. L.C.M. 
0011. G.LU. 

A. proximaJ view B. medial view 

a. facet for artioula.tion with ulna. 
h, e. facete for artioulation with pisiform 
d, o. facete for artioulation with lunatum 

4. pisitorm (fig. 4) 

EQUUS 

This bone is situated behind the former bone and does not directly bear 
weight. It is interposed in the course of the tendons of the middle and 
lateral flexors of the carpus. Also the posterior border furnishes attachment 
to the transverse carpal ligament. 

GROMOVA (1952) describes important differences between the pisiform 
of Hipparion and Equ'U8, namely that in Equ'U8 the pisüorm is higher and 
~IBO that the groove for the long tendon of ulnaris lateralis is more pro­
nounced in H ipparion. This might be considered as a general trend from 
Mesohippua to Equ'U8. The pisiform is in Mesokippua, Parakippua etc. 
even lower than in Hipparion. 

The facets for articulation of the OB triquetrum and ulna are closer to 
each other in Mesohippua, Parakippua and Equ'U8 than in Hipparion. 
The angle between the facets in the tridactyl horses is sharper than in 
Equ'U8 (fig. 4 a, b) (see also triquetrium). The higher pisiform can be 
explained because it enables the muscles in the later horses to act at a 
mechanical advantage. 

5. trapezium (fig. 5) 
This bone is irreguIar in shape and is present in all primitive horses. 
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~_~'i""~. a 

::::J~ - "'-

b 

MESOHIPPUS 

c 

A 

PARAHIPPUS PLIOHIPPUS 

Fig. 4. Pisiform (right). 

Mesohippu8 sp. 
Parahippus leonensis 
PZiohippus mea:ictJnus 

0011. no. 1027 O.M. 
0011. no. 4084 U.F. 
0011. L.O.M. 

a. facet for artioulation with ulna 
b. facet for artioulation with triquetrum 

2cm 

d 

a 

B 

c 

NEOHIPPARION MESOHIPPUS 

Fig. 5. A. trapezium 1 B. O. fifth metacarpal. 

A. N eohippa,rion florui 1 0011 L.O.M. 
B. Neohippa,rion flor68i 0011. L.O.M. 
O. Mesohippus sp. 0011. no. 996 O.M. 

o. facet for artioulation with trapezoid? 
d. facet for artioulation with Mo II 

8.. artioul8.tion facet with the Mo IV 
b. artioulation facet with the ha.ma.tum 

a 

b 

It possesses mostly two articulation facets; on the navicular, trapezoideum 
and Me II corresponding facets are found (fig. 5A c, d). 

CHuBB (1912) found in 57 % of the EqUU8 manus dissected by him a 
rudimentary trapezium, but the articulation facets were here for the 
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greater part lost. SISSON and GROSSMAN (1964) note that in a. good many 
specimens it is present only on one side. In Ple8ippua GAZIN (1936) 
the trapezium is present with clear articulation facets. In Nannippua 
the trapezium is not found and this absence is considered as a generic 
character, MATTHEW (1926). 

In general we may say that in the phylogeny of the horse the trapezium 
gradually reduces in size. In M e80hippua the bone is still interposed between 
the navicular and the second metacarpal, while in later horses it is more 
closely attached to the carpus. 

6. trapezoideum (fig. 6) 

The trapezoideum shifts the weight from the navicular to the second 

2cm 

A a a--~".,-----

b 

B e ,~ .t#" ·.: 

d 

c 

C 
~f 

MESOHIPPUS NEOHIPPARION PLIOHIPPUS 

Fig. 6. Trapezoideum (right). 

Mesohippua sp. col1. no. 996 C.M. 
Neohipparion floresi co11. L.C.M. 
Pliohippua me3:icanua co11. L.C.M. 

A. proximal view B. lateral view C. distal view 

a. proximal articulation surf ace 
b, c. facete for articulation with the magnum 
d. posterior facet for articulation with the magnum 
e. facet for articulation with the Mc III 
f. distaI articulation surface with Mc TI 
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metacarpal bone. As the metacarpal is more highly situated in primitive 
horses and the articulation surface is relatively bigger (Mc 11 is more · 
developed in these horses) the bone is relatively low. The proximal articula­
tion surface is saddle-shaped in Mesohippus and convex in more advanced 
horses as Parahipp'U8, Merychipp'U8 (fig. 6A a). The convexity is continued 
in the volar surface. Below this we can ob serve a clear facet for the 
trapezium in Mesohipp'U8 and Parahippus. 

On the lateral surface two distinct facets are visible for articulation 
with the magnum. In the most advanced monodactyl horses we find also 
a third facet on the posterior distal side (fig. 6 dl. On the distal articulation 
we find one facet corresponding with the Mc 11. Only in the advanced 
monodactyl horses we do find a second facet on the posterior side articul­
ating with the Mc 111 (fig. 6 e). This facet and the facet on the posterior­
lateral side for the magnum informs us that more of the weight from the 
trapezoideum is transferred to the central metapodial in the monodactyl 
horses. 

In some Parahippus specimens from Thomas farm the trapezoideum 
had grown together with the magnum. 

7. magnum (fig. 7) 

The magnum is the largest bone of the distal row. Many changes can 
be noted in the shape and the function of this bone from Mesohippus 
to Equ'U8. 

The width of the bone in relation to the anterior-posterior diameter 
increases gradually. The medial part expands most from Mesohippus to 
Equ'U8 (fig. 7A a). The magnum is transferring the weight to the third 
metacarpal. As this bone became more important during the evolution 
of the horse, whereas the other metacarpals were reduced it is under­
standabie that the magnum became bigger in relation to the other bones. 

The proximal surface consists of two facets separated by an anterior­
posterior ridge. The medial facet (corresponding to the navicular, fig. 7 a) 
is concave. The lateral facet is concave in front (fig. 7 c) and convex 
behind, where it encroaches on the volar surface (fig. 7 dl. On the medial 
side ofthe posterior part ofthe magnum we can observe a clear articulation 
facet with the navicular. This facet is clear in tridactyl horses (fig. 7 b) 
but vague or mostly absent in monodactyl horses. The facet on the anterior 
proximal side of the magnum for articulation with the navicular (fig. 7 a) 
in M esohippus is relatively narrow and broader in the Parahippus­
M erychipp'U8-Equ'U8 line. 

On the medial surface we note three facets on the anterior side. The 
facet for the metacarpal 11 is very prominent in Mesohipp'U8 (fig. 7 f) 
because the second metacarpal reaches far above the third metacarpal. 
In later horses this facet is less pronounced and in Equ'U8 sometimes 
lacking. The angle between this facet and the distal articulation facet of 
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MESOHIPPUS PARAHIPPUS NEOHIPPARION 

Fig. 7. Magnum (right). 

PLIOHIPPUS 

Me80hippuB sp. 0011. no. 996 C.H. Neohipparion fWresi 0011. L.C.H. 
ParahippuB leonenais 0011. no. 4090 U.F. PliohippuB 1116WicanWJ 0011. L .C.H. 

A. proximal view B. volar view C. medial view D. distal view 

a. facet for artioulation with the navioular 
b. posterior facet for artioulation with the nBvioular 
0, d. facets for artioulation with the lunatum 
e. scar for attachment of the musculus interoBBeous 
f. facet for artioulation with the Mo TI 
g. facete for artioulation with the trapezoideum 
h. facete for artioulation with the hamatum 
i. distal artioulation surface with Mo m 
j. posterior artioulation facet with the trapezoideum 
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the magnum in M esohippU8 is bigger than in later horses. The two facets 
on tlie medial side proximal to the former are in articulation with the 
trapezoid. In some advanced monodactyl horses we find a fourth facet 
also for articulation with the trapezoideum on the distal posterior side 
(fig. 70 j). Further we note a tendency that the anterior facets for arti­
culation with the trapezoid (fig. 7 g) become more pronounced in later 
horses. Together with the posterior facet in advanced monodactyl horses 
we may conclude that in the later horses the magnum and trapezoideum 
are more tightly together and leas movement between these bones was 
possible. 

On the lateralside ofthe magnum threefacetsarefoundforthehamatum. 
In general these facets are more pronounced in more advanced horses, 
but mostly irregular in shape. 

The distal articulation surface of the magnum in M esohippus occurs 
on its posterior end, concave in antero-posterior direction. This is also 
seen, but less pronounced, in later horses like ParahippU8 (fig. 7 c), 
MerychippU8 and Hipparion. In monodactyl horses this is more fiat. The 
curve in antero-posterior direction, in Mesohippus even saddle-shaped, 
distal surface of the magnum may leam that between this bone and the 
third metacarpal a movement was possible in antero-posterior direction. 
In recent horses no movement between these bones is possible. 

On the volar distal side in tridactyl horses there is a rough, round 
tuberosity for attachment of the tendon for the musc. interossei; in 
EqUU8 this is more ridge-shaped (fig. 7 e). 

8. hamalum (fig. 8) 

The os hamatum is relatively higher in primitive horses. It imparts the 
weight from the lunatum and triquetrum to the third and fourth meta­
carpal. 

The proximal surface is convex and curves outward and downward 
encroaching on the lateral and volar surface (fig. 8B e). Below this 
articulation facet we find in primitive horses a clear facet for the Me V 
(fig. 8B f). This facet is absent in EquU8. 

On the medial surf ace we find an anterior facet and posterior facet for 
articulation with the magnum (fig. 8A d, a). These facets are the most 
pronounced in the later horses and show that here the bones were more 
tightly together. 

The facet for articulation with the third metacarpal (fig. 8 c, b) makes 
an angle with the distal articulation surface of the hamatum which 
approaches 90°. From Mesohippus to EqUU8 the angle decreases gradually 
and in consequence more weight is shifted from the hamatum to the third 
metacarpal. 

9. the carpU8 all a whole 

Practically all the movement occurs at the radio-carpal joint and 
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A. media.! view B. la.teral view C. diata.l view 

a-g. fa.ceta for a.rticula.tion; 11., d. for magnum; c, b. for Mc ID; e. for triquetrum; f. for Mc V; g. for Mc IV 
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intercarpal joints. The distal row remains in contact with the metacarpus 
in EqUU8. In tridactyl horses some movement between the distal row and 
metacarpus must have been possible. 

In primitive horses the carpus is relatively higher. From Mesohippus 
to EqUU8 we note a relative size increase in facets which shift direct or 
indirect the weight to the third metacarpal. 

The trapezium becomes rudimentary or is lacking in EquU8. In Meso­
hippus the trapezium must have imparted some weight to the second 
metacarpal depending on the shape of the bone and its corresponding 
facets on the Mc 11 and the navicular. 

Between trapezoideum-magnum-hamatum we observe in the geologic­
ally younger horses clearer articulation facets which show that the distal 
row of the carpus was more tightly together and acted more as one bone. 
This is also Been by the shape and direction of the facets. 

B. METACARPUS 

1. metacarpo,l IIl (fig. 9, 10, 11, 12) 

The third metacarpal shows a number of important changes in the shape 
of the bone, facets and area of attachment for ligaments and tendons which 
can be explained by the change in the locomotion apparatus. In M esohippus 
the bone is already the biggest of the metacarpals and the second and 
fourth are further reduced compared with Hyracotherium. 

Proportional length 

In the literature of ten we find that in the phylogeny of the horse there 
should be a relative lengthening of the central metapodial in relation to 
the other bones (femur-tibia, radius-humerus). This is, however, in lts 
generality not true. In Table I we find data for soma fossil and recent 
horses. There is some variation in proportional length of the third meta­
carpal, and it appears from this table that in the Hipparion group the 
metacarpal is somewhat longel' in H. elegans and Neokipparion whitneyi. 
These two mentioned species are, however, very slenderly built (GIDLEY 
1903 and GROMOVA 1952). Änyway there are no striking differences between 
MesohippU8 bardii, Anchitherium aurelianense, Hipparion sp. from 
Pikermi (Greece) and recent EquU8 species. 

The data given in Table I are fal' from complete, but as the difference 
in one group ((Neo) Hipparion) is biggel' than that between MesohippU8 
and EqUU8, we may expect that the proportional length of the third 
metacarpal may have a significance for the species level, though it does not 
teIl us anything about the place of the horse in the phylogeny. 

Proximal articulation sur/ace (fig. 9 and 11) 

In the more primitive horses generally, the anterior-posterior diameter 
is proportionally biggel' in older horses (Tabie 11). This is very clear when 
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TABLE 1. Comparative proportions between humerus--radius a.nd third metaoarpaJ. in some horses, 
all mea.surements in mmo 

I 11 111 IV Index 

total 
length length length length 

humerus radius Me 111 humerus+ IjIVx 100 IIjIVx 100 IIlflVx 100 
radius + 
Me 111 

M etJohippull 
bar/lii 1 ex. 1 ex. 1 ex. 
aftar GIDLEY 1903 115 122 80 317 36 38 

Merychippull 
calamari'U8 1 ex. 1 ex. 1 ex. 
aftar IIENSHAW 1942 223 227 163 613 36 37 

Anchitherium 
aurelianenae 1 ex. 1 ex. 3 ex. 
after WEHRLI 1938 230 250 207 687 34 36 

N eohipparion 
withneyi 1 ex. 1 ex. 1 ex. 
aftar GIDLEY 1903 190 245 215 650 29 38 

Hipparion 
elegana 1 ex. 5 ex. 35 ex. 
after GROMOVA 1952 212 242 198 652 33 37 

Hipparion sp. 
pikermi 3 ex. 30 ex. 
after FORSTEN 1968 263 277 212 752 35 37 

Equ'U8 
cabaU'U8 1 ex. 1 ex. 1 ex. 
after GIDLEY 1903 350 375 263 988 35 38 

Equ'U8 
eswalski pr 8 ex. 8 ex. 8 ex. 

after GROMOVA 1949 266 319 225 810 33 39 

we eompare for example Mesokippus with A8trokippua. In general we may 
assume that the width at the proximal part of the Me 111 tends to increase . 
in relation to the diameter during the evolution of the horse. 

In Parakippus blackbergi and N eokipparion floresi we find a very 
pronounced volar tuberele for the attachment of the tendon for the muscle 
interossei (fig. 10, lh and fig. 1I,2h) whieh exaggerates the diameter in 
these horses. In general we may say that in the tridactyl horses in lineages 
Paraki~Meryckippua-Hipparion this is a tuberosity, whereas in 
monodactyl horses it is more ridge-shaped. 

26 

27 

30 

33 

30 

28 

27 

28 
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TABLE 1I. (Me 1I a.nd Me ll). 

Anchitherium MeryehippuB 
Me80hippuB aurelianenBe ParahippuB calamarius Hipparion 
sp. e.M. 996 a.fter leonensiB a.fter concudense 

WEHRLI 1938 HENSHAW 1942 

Mell MellI Mell Mell Mell MellI Mell MellI Mell 

1. a.nt.-post. diam. 
proximaJ. pa.rt 8,7 10,8 15,0 23,0 10,1 15,5 12,0 19,0 16,6 

2. width of the 
proxima.l part 7,1 11,0 11,5 29,0 8,8 19,1 9,0 26,0 12,2 

3. ant.-post. diam. 
of the shaft 7,2 6,0 16,0 15,2 6,4 11,0 7,0 14,0 12,5 

4. width of the 
shaft 3,7 10,2 7,0 22,5 2,8 15,0 6,0 18,0 17,0 

5. distal diam. 9,0 9,0 21,5 22,0 18,2 - 15,0 20,0 16,5 

6. dista.l width 7,0 11,0 13,5 32,0 7,2 - 8,0 25,5 8,5 

7. index 
MellfMellx 
100 
mea.surement 1. 74 65 65 63 

8. index of the 
same m. 2 64 39 46 34 

9. index of the 
same m. 3 120 105 58 50 

10. index of the 
same m.4 36 31 18 33 

11. index of the 
same m. 5 100 95 - 75 

12. index of the 
same m. 6 64 42 - 31 

The facet for articulation with the magnum on the posterior part is 
slightly convex in anterior-posterior direction in M esokippus, which is in 
the monodactyl horses straight. From M esokippus to Equ'U8 we note that 
the angle between the facet articulating with the hamatum (fig. 10 and 
fig. 11 a) and that for the magnum become less pronounced. In Mesokippus 
this angle is close to 100°, in Parakipp'U8 ± 120° and in Equ'U8 ± 160°. 
Together with the decrease in the angle between the facets for articulation 
with the magnum and hamatum the latter becomes more significant in 
geologïcally younger horses especially at its posterior side (fig. 10 and 
fig. 11 a). 

Mell 

28,2 

36,8 

20,5 

27,8 

27,3 

33,4 

60 

25 

60 

25 
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Fig. 9. Third metaca.rpaJ. 

1. N eohipparion flor68i right 
2. Anchitherium aurelianense left 
3. Pliohippus mexicanua left 

collo L.C.M. 
collo G.I.U. 
collo L.C.M. 

A. proximaJ view B. dorsal view 

80. facet for articul8otion with the ha.ma.tum 
b. facet for articulation with the tra.pezoideum 
C. facet for articula.tion with the magnum 
d. 8otta.chment SOM for the superficiaJ l80yer of the coll8oter8ol ligament 
e. articula.tion surface with the fust pha.la.nx 
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Fig. lOA. Third mete.carpa1, v01ar view 

1. Neohipparion fioresi right collo L.C.M. 
2. Anchitherium aurelianenae 1eft collo G.I.U. 
3. PliohippuB mexicanua 1eft collo L.C.M. 

a. facet of articulation with the hamatum 
d. atte.chment scar for the superficia1 1ayer of the collatera1 ligament 
f. facet of articulation with the Mc IV 
g. facet of articulation with the Mc II 
h. attachment scar (tuberiosity) for tendon (musculus) interosseous 
i. scar for atte.chment of the interossoous metacarpa1 ligaments 

In Equ'U8 of ten a facet is found on the posterior m.edial side for arti­
culation with the trapezoideum (fig. 9, 3A b). This facet is lacking in all 
tridactyl horses and occurs only in the more advanced monodactyl horses 
(more weight is borne by the third digit). 

The shaft 

The shaft of the metacarpal is roughened on both sides for the attach­
ment area of ligaments for the lateral metapodials (the interoBBeOus 
metacarpal ligament) (fig. 10 and fig. 11 i). 



THE OSTEOLOGY OF THE MANUS OF FOSSIL AND RECENT EQUIDAE 27 

\ 

\ 

18 

1 
1 

1 
1 

1 , 

1 
1 ',' 

28 

4cm 

Fig. lOB. Third metacarpal, latersl view 

a 

\ 
\ 

1 
\ 

1 

11 
1 I I 1 

1 
1 

38 

In the tridactyl horses Parahippus, Merychippus and Hipparion we can 
follow this up to the distal articulation surface of the bone (fig. 10, lB i; 
fig. 11, 20 i) where it ends in a cavity. In Mesohippus and Anchitherium 
the scar reaches not so far (fig. 10, 2B i and fig. lIlA i) and also the 
concavity found in the former horses is not found above the distal 
articulation surface. In monodactyl horses the rough area reaches only up 
to 2/3 of the metacarpal (fig. 10, 3B i). This is in some respect more similar 
to Mesohippus and Anchitherium only the area in the monodactyl horses 
lies more on the volar side, whereas in the former it is on the lateral and 
medial side of the metacarpal. 

The diameter of the metacarpal in M esohippus is a flattened ellipse, in 
Equus more semi-cylindrical and flattened on the vol ar side. Anchitherium 
is more like Mesohippus while in Parahippus, Merychippus and Hipparion 
it is more like Equus, only in these tridactyl horses do we find a more or 
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Third metaca.rpal. 

Fig. 11.1. Mesohippus sp. right col1. no. 996 C.M. 

A. ventraJ view B. proximal and dorsal view C. latere.l view 

a. facet for articulation with the ha.ma.tum 
d. atta.chment scar for Buperficial layer of the collateral ligament 
e. articulation Burfa.ce with the first phalange 
f. facets for articulation with Mc IV 
h. atta.chment tuberiosity for the musculus interoBBeous 
i. sca.r for atta.chment of the interoBBeous meta.carpal ligaments 

less pronounced gullyon the volar side. In monodactyl horses this is flat 
or even a little convex (Equus). 

On the lateral and medial side of the third metacarpal above the distal 
articulation surface we find a scar for the attachment of the superficial 
layer at the collateral ligaments (fig. 9 d, 10 d, 11 d, 12). In Equus, 
Ánckitherium and Mesokippus this scar is found in the middle of the bone 
and is more oval-shaped; in Parakippus, Meryckippus and Hipparion it 
is seen more in the front and the tuberosities are more pronounced. 
Posteriorly of this tuberiosity we find two concavities in these horses 
(the end of the interosseous metacarpal scar) in which the distal part of 
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Third metacarpal. 

Fig. 11.2. ParahippuB blackbergi left collo G.I.U. 

the lateral metapodial fits. This was still firmly bound to the central by 
the interosseous metacarpal ligaments. From the placement of the scars 
for attachment of the superficial collateral ligaments in Anchitherium 
and Mesohippus and also the absence of the concavity as described in 
ParahippU8 etc. we may conclude that the distal parts of the laterals in 
MesohippU8 and Anchitherium were free from the central. Similarly 
CAMP and SMITH (1942) explained that in Eohippus the laterals were not 
firmly bound to the central and the foot was able to spread. 

Distal articulation surface 

The distal articulation surf ace for the first phalanx and the proximal 
sesamoid bones is composed of two condyles. In Mesohippus, ParahippU8, 
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Merychippus and Anchitherium these condyles are separated by a sagittal 
crest on the posterior side. In Hipparion, Pliohippus and Equus this crest 
is also clearly developed on the anterior side of the metacarpal. In Equus 
this crest is the most pronounced. The development of the sagittal crest 
runs parallel in the fust place to the lengthening of the central phalanges 
and secondly the reduction of the laterals in the phylogeny of the horse 
and prevents the fetlock joint from too much lateral dislocation (GROMOVA, 

1952). STEININGER (1963) notes also the sagittal crest on the anterior 
side of an Anchitherium from the Pannon in Austria. The mentioned 
third metacarpal belongs however not to Anchitherium, but to Hipparion, 
and is somewhat damaged. 

The rounding of the pulley-like articulation joint in the phylogeny from 
Parahippus, Merychippus to Pliohippus and Hipparion is the most 
pronounced in the latest horses. In Parahippus it is ab out half a circle, 
in Equus it exceeds it and the distal articulation joint of the metacarpus 
covers ± 220°. In Parahippus it is about 180 degroos. In Mesohippus and 
Anchitherium it is clearly less than 180° which can be Been in fig. 9, 2B; 
fig. U, 1B e and fig. 12) where the articulation in these horses encroaches 
only little on the anterior surface of the metacarpal compared with 
Parahippus, Hipparion and Pliohippus (fig. 9, 1B e, 3B e and fig. U 2B e 
and fig. 12). The shape of the distal articulation surface tells us about the 
movement possible in the fetlock joint. In tridactyl horses the distal 
articulation surface is somewhat curved dorsally, this is shown in fig. 12. 
Above the joint we find a clear fOBBa in the Parahippus-Merychippus 
lineage (fig. 12 d) which gives the proximal phalanx more freedom when 

Anterior 
a--l--j- Posterior 

a 

d 
+--~-b 

+--1-- b --t-t-

-""""--- c -----"'-..... c---""--

ANCHITHERIUM HIPPARION PLIOHIPPUS 

Fig. 12. Distal part of the third meta.carpus in outline, lateral view, showing 
atta.chment prominces for the fetlock collateral ligaments a. superfioial layer 

b. doop layer. 

In Anchitherium and Pliohippus the attachment prominence for the superficial 
layer is situated in the axis of the bone, while in Hipparion it is a tuberiosity on 

the anterior side. 
The distal articulation joint (c) is bent ba.ckward in Hipparion and Anchitherium. 
There is a clear increa.se in articulation surfa.ce and rounding from the left to the right. 
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the fetlock joint is flexed. In monodactyl horses the articulation surface 
is more pulley-like around the shaft (Pliohippus, fig. 12 c) which gives the 
proximal phalanx the maximum flexibility in dórsal direction. The 
concavity found in tridactyl horses is here also absent (it would have had 
no funetion). In Mesohippus and also in Anchitherium the curvature ofthe 
distal articulation encroaches only little on the anterior side of the bone. 
Here no eoneavity is found proximal to the joint. The flexion of the fetlock 
joint could not have been so big. It is known that the angle between the 
anterior side of the metacarpal and the same side of the fust phalange 
approaches 90° in maximum flexion of the Equus fetlock. In Mesohippus 
and Anchitherium it is near to 140°. In Parahippus, Merychippus and 
Hipparion the angle of maximum flexion of the fetlock joint must have 
been close to that of Equus. In the phylogeny of metaearpus there is a 
clear difference in the bones from M esohippus and Anchitherium on the one 
side and Parahippus, Merychippus, Pliohippus, Hipparion and Equus on 
the other in relation to the distal articulation surface. 

If we measure the width of the distal articulation surface and th~t just 
above this articulation surface at the tubercules than in tridactyl horses 
the second measurement will exceed the first, while in monodactyl horses 
this is just the opposite. 

2. lateral metacarpals (fig. 13, 14 and 15) 

Proximal articulation surface 

The Mc II articulates proximally with the trapezoideum; on its lateral 
side we find a facet of articulation with the magnum and Mc III. The 
posterior facet for articulation with the Me III is lacking in tridaetyl horses 
whereas in most of the fossil horses (monodaetyl and tridactyl) a facet 
for articulation with the trapezium is found. The same can be said of the 
articulation facet for the Mc V on the Me IV. On the volar side of the 
Mc IV in M esohippus we find 'hat 1/4 is roughened for attachment ligaments 
of the Mc V. 

The sooft 
The shafts of the lateral metacarpals are three-sided. The anterior­

posterior diameter is in the Mesohippus--Anchitherium lineage fairly 
constant while in the Parahippus-Merychippus-Hipparion group this 
diameter is much less in the middle of the shaft than on its proximal part. 

When we eompare measurements (Tabie II) of the lateral with the 
central we note several differences. Anchitherium and MesohippUB show 
similarities and the bone is quite massive, while in Parahippus, Mery­
chippus and Hipparion the bone is relatively more slender especially in 
the middle of the shaft. We see a decrease in the width and diameter of the 
distal articulation joint of the lateral metacarpal in relation to the central 
in Hipparion if eompared with Merychippus. 
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Fig. 13. Lateral metacarpa1s (right) 1. Me TI 2. Me IV. 

M680hiIppwJ sp. eol1. no. 996 C.M. 
ParahiIppwJ sp. eoll. no. 4086 U.F. 

A. Me TI lateral view 
Me IV media! view 

B. volar view 

a. facet for artieuIa.tion with Me m 
b. facet for artieuIa.tion with Me m 
e. facet for articulation with Me m 
d, e. facet for artieulation with magnum 
f. facet for artieuIa.tion with Me V 
g. facet for articulation with trapezium 

Distal articulation 8'Urtace 

The distal articulation sunace with the proximal lateral phalanx in 
Me8ohippu8-Anchitherium and also in Parahippu8-Merychippu8 has still 
on the volar side a sagittal crest; in Hipparion this is very faint or even 
absent (fig. 14, 2B). 
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Me V (fig. 5) 

The Mo V is in M e80hippus still a good recognizable bone with a olear 
faoet for the hamatum and a smaller faoet for artioulation with the Mo IV. 
In more advanoed horses the facet of artioulation for the hamatum beoomes 
less important and is of ten not even present in, for example, Hipparion. In 
Hipparion the Mo V artioulates mostly only wirh the Mo IV. In Ple8Ïppus 
and Pliohippus this bone is situated higher and its main artioulation 

1A 2A 28 18 

Fig. 14. Lateral metacarpal (Me 1I) drawn to the same length. 

1. Mesohippua sp. col1. no. 996 e.M. 
2. Hipparion concudense collo G.I.U. 

A. medial view B. volar view 
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NEOHIPPARION PLiOHIPPUS 

Fig. 15. Right proximal part of lateral metacarpals. 

1. Neohipparion fioresi collo L .C.M. 
2, 3. Pliohippus mexicanU8 collo L.C.M. 

1 and 3 Me IV 2 Me 11 

a, b, c, e. facets for articulation with Me 111 
f. facet for articulation with Me V 

a 

is with hamatum (fig. SB f) which is also seen in MATTHEW (1926, 
fig. 21, p . 163). 

3. Proximal 8e8amoid bones (fig. 16) 

Very little is known about the change in shape of these bones from 
Me8ohippU8 to EqUU8 though these bones had an important function in 
the locomotion of the animal as it enables the tendons to act at a 
mechanical advantage. GROMOVA (1952) has noted already important 
differences between Hipparion and EqUU8 in these bones. In Hipparion 
the bones are relatively more narrow in lateral- medial direction and also 
the diameter is less pronounced in H ipparion. 
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HIPPARION 

2cm 

Fig. 16. Proximal sesamoid bone. 

H ipparion concudenaB 
Equus cabaUus 

collo G.LU. 
collo G.LU. 

EQUUS 

TOBIEN (1959), in describing a complete articulated skeletal material 
from Hipparion, notes the presence of a pair of sesamoid bones at the 
laterals. 

C. PHALANGES 

1. fir8t phalanx of the median digit (fig. 17) 

One of the major changes in the phylogeny of the horse is the relative 
lengthening of the first phalanx. 

In Table III the length relation between the third metacarpal and first 
central phalanx is given. The phalanx of M esohippus is very short about 
1/6 of the third metacarpal whereas in Equus it is mostly leas than 1/3, 
80 the phalanx in Equus is relatively about twice as long. The Anchitherium 
phalanges are closer to M esohippus than to Equus, while Hipparion is 
closer to Equus. We may expect from Mesohippus a graduallengthening 
of the phalanx via Parahippus-M erychippus towards Equus while a 
non-significant lengthening took place in the Mesohippus-Anchitherium 
lineage. In the first group the phalanx is more slender in the middle, 
while in the Mesohippus-Anchitherium lineage it is more robust and h~s a 
straight shaft. 

This relative lengthening of the first phalanx has never sufficiently 
weIl been evaluated. MATTHEW (1926) has noted longer phalanges in 
Merychippus but he does not go further into this matter. CAMP and 
SMITH (1942, p. 81) write: "The Lower Miocene (Arikareean) phalanges 
assignabIe to Parahippus and M erychippus begin to show a narrowing 
and lengthening of the digit" but on p. 86 "The ancestral form of the 
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Fig. 17. First centrru phala.nx. volar view. 

1. H ipparion concudense a. V SCM 

2. Equus caballus b. central SCM 

3. Anchitherium aUTelianense c. cruciate scars 
4. M/l8ohippus sp. 

fust and second phalanges in the Equidae has undergone relatively little 
change in course of time". The fust statement which is more relevant is 
in contradiction with the last. There is a distinct change in the ancestral 
form of the phalanx which from M e80hippus to Equus becomes relatively 
twice as long whereas the relative length of other limbbones do not change 
essentially. 

The study of CAMP and SMITH (1942) has provided us with magnificient 
data about the phylogeny of the digitalligaments of the horse of which I 
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TABLE ill. Length relation Me lIl-fust centra.! pha.lange. 

Anchitheri'Um 
Anchitheri'Um Mef"!Johipp'U8 

Mesohipp'U8 sp. 
sp. Spa.in 

a'Urelianense oaramali'UB 
O.M. 996 

G.I.U. 
after a.fter 

WEHBLI 1938 HENBRA. w 1942 

3 ex. 
I. Length Me III 91,5 181,0 210,0 163,0 

3 ex. 
II. Length fust central phalange 14,5 32,0 43,0 

Index I/I1 X 100 630 570 490 

Hipparion Hipparion Eq'U'UB 
eleganB ~ pr68tlXilski 
a.fter a.fter a.fter 

GROlllOVA 1952 SONDAAR 1962 GROlIIOVA 1949 

35 ex. 5 ex. 8 ex. 
I. Length Me III 198,3 207,5 225,1 

14 ex. 18 ex. 8 ex. 
II. Length fust central phalange 58,2 60,6 74,0 

Index I/I1 X 100 340 340 300 

want to mention the gradual development of the V scar, the attachment 
area for the supemcial oblique ligament, in the lineage Parahippus­
Merychippus-Hipparion and Merychippus-Equus (fig. 17; 1,2a-) 
(TabIe XVITI). In the more primitive of these horses a clear central scar 
is still visible for the centralligament. In Me80hippus no oblique scar is 
found and the central scar is distinct. In Anchitherium and Hypohippus 
the central becomes greatly enlarged (fig. 17; 3, 4 b), but no trace of a 
scar for the oblique sesamoid ligament is found. 

The groove on the proximal articulation surface, corresponding to the 
sagittal crest on the central metacarpal is fading at its anterior part in 
Me80hippus and Anchitherium; shallow or vague in Parahippus-Mery­
chippus; shallow in Hipparion; deep on the whole surface in Equus. 
GROMOVA (1952) in explaining the differences between Hipparion and 
Equus has noted that the crest on the metapodial and in consequence the 
groove on the phalange prevents lateral dislocation in the fetlock joint 
and that the lateral phalanges had still a function in this way. Perhaps 
we may account for the difference between Parahippus and Hipparion 
in the same way. The laterals in Parahippus were still more functional 
and closer to the ground-plane and could prevent lateral dislocation of 
the fetlock. 

42,0 

390 
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2. second phalanx ot the third digit 

The differences in the second phalanx in the geologically older and 
younger horses are not so striking as in the fust and third. 

The proximal articulation surface is less convex in anterior-posterior 
direction in Mesohippus and Anchitherium than in Hipparion and Equus. 
The angle, proximal articulation surface with the axis of the bones, is more 
oblique in Mesohippus. 

3. third phalanx ot the central digit (fig. 18) 

The angle of inclination between the ground-plane and anterior slope 
of the phalanx is smaller in primitive horses. GROMOVA (1952) has noted 
an angle of 36-56° in Equus; in our specimen of M esohippus this is ± 20°. 

More striking still is the angle between the articulation surface and the 
ground-planeinMesohippus, close to 90°, while in Equus it is more parallel 
to the ground-plane. This angle fixes the direction of the second phalanx 
which consequently will be less oblique to the ground-plane in Equus 
than in Mesohippus, which is typical for plantigrade foot type like the 
rhino and the tapir. 

In fig. 18 arrows are drawn perpendicular to the articulation surface 
so as to indicate the second phalanx in rest-position. In Mesohippus and 
Anchitherium the directions are close to each other and oblique, whereas 
in Hipparion this angle of the second phalanx with the ground-plane is 
much larger. 

The ground-plane of the phalanx is somewhat curved in Mesohippus 
in anterior-posterior direction while in Parahippus-Merychippus-Hippa­
rion-Equus it is flat. If we compare the length of the three central phalanges 
there is a relative lengthening of the fust phalanx in relation to the third 
in the Mesohippus-Equus lineage. (Tabie IV). 

A B c 

Fig. 18. Third phalange of the central digit. 

A. Mesohippus sp. collo no. 996 C.M. 
B. Anchitherium aurelianense collo G.LU. 
C. Hipparion concudense collo G.I.U. 

Arrows are (drawn) perpendicular to the articulation surface to indicate the second 
phalange in rest position. 

Mesohippus in relation to Anchitherium and Hipparion twice enlarged 
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4. lateral phalanges (fig. 19) 

In the lateral phalanges there are important changes to be noted in 
the phylogeny of the horse. In general the lateral phalanges are more 
slender in geologically younger horses, see Table IV. 

If we compare the width of the lateral with the same measurement of 
the central phalanx (Tabie IV index 1 and 2) we may conclude that the 
laterals are reduced in later horses. If we compare the length of the third 
with the fust lateral phalanx we note the same as in the central phalanges, 
namely that the length of the fust is becoming relatively longer in relation 
to the third. However, the totallength of the three lateral phalanges in 
relation to that of the central is reducing, as has been stated before. 
In Anchitkerium the length relations and also the general shape are more 
similar to Mesohippus (fig. 19) so here the relative reduction is not so 
striking as in the Merychippus-Hipparion lineage. 

As is seen in the lateral metapodials the distal articulation surf ace had 
a sagittal crest on the dorsal part in MesohippU8, Anchitkerium, Parahippus 
and MerychippU8, so in these horses we find on the proximal articulation 
surface a groove on the posterior side of the fust lateral phalanx which is 

1cm 

A 

a a 

B 

MESOHIPPUS ANCH ITHERIUM HIPPARION 

Fig. 19. First lateral phala.nx. 

A. latersl view B. volar view 

MesohipptUJ sp. col1. no. 996 C.M. 
Anchitherium sp. (Spain) collo G.I.U. 
Hipparion concudense collo G.LU. 



Ph.! Ph.! 
median lateral 

maximum Iength 14,0 12,0 

proximal width 11,8 7,7 

proximal diam. 9,2 8,3 

distal width 8,8 5,2 

distsi diam. 5,8 5,5 

index length relation 
lateral/median 
phalanx x 100 86 

index width relation 
lateralfmedian 
phalanx x 100 65 

Ph. I 
median 

12 ex. 
maximum length 58,2 

proximal width 30,6 

proximal diam. 24,1 

dietsi width 25,9 

dietsi diam. 15,5 

index length relation 
latersl/median 
phalanx x 100 

index width relation 
lateral/median 
phalanx x 100 

TABLE IV. Measurements of phalanges. 

Mesohippus Anchitherium aurelianense aftar WEHRLI 1938 

Ph. I! Ph. I! Ph.ill Ph.ill Ph.! Ph.! Ph. I! Ph. I! Ph.ill Ph.ill 
median lateral median lateral median lateral median lateral median lateral 

3 ex. 3 ex. 3 ex. 3 ex. 1 ex. 1 ex. 
11,0 10,0 18,0 17,0 43,0 33,0 26,2 17,7 45,0 39,0 

11,2 6,5 15,2 6,0 31,0 14,0 27,5 15,0 44,0 

7,3 8,1 9,0 9,5 22,0 20,5 17,0 20,0 

9,7 5,5 27,0 13,0 24,8 13,0 

5,8 5,4 

91 94 77 68 86 

58 39 45 54 00 
----

Hipparlon elegans af ter GROMOVA 1952 Equus preswalski after GROMOVA 1949 

Ph. I Ph. Il Ph.Il Ph. III Ph. III Ph. I Ph. Il Ph. III 
lateral median lateral median latersi median median median 

21 ex. 20 ex. 25 ex. 3 ex. 25 ex. 
32,5 33,7 15,3 45,8 30,3 74,5 45,0 51,0 

10,0 30,2 10,9 46,3 9,9 52,7 49,5 7,5 

15,5 21,5 15,3 28,3 13,6 34,0 30,0 40,0 

9,6 29,4 9,2 44,7 50,0 

12,1 16,3 12,0 24,3 25,5 

56 45 66 

33 36 21 
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fading on its anterior side. In H ipparion this groove is lacking and the 
articulation surface is bowl-shaped. 

TOBIEN (1953) in describing the function of the lateral toes gives some 
data about the attachment scars of the tendons and ligaments in the 
laterals which are also found in, for example, Mesohippus. In general the 
scars are more pronounced in the more primitive horses. The scar for the 
tendon sublimus and the second lateral phalanx is very pronounced and 
developed as a spine in Parahippus and Merychippus. 

D. THE MANUS AS A WHOLE 

The phylogeny of the horse manus includes several changes in which 
we can distinguish three lineages (TabIe V): 

I. Mesohippus-Anchitherium lineage. 
The general shape of the manus remains the same, but there is a 
clear size increase. Differences in morphology of the bones may be 
explained allometrically. 

IT. M esohippus-Parahippus-M erychippus-Pliohippus-Equus lineage. 
Here we find a relative lengthening of the fust central phalanx and 
reduction of the lateral phalanges which finally will lead to the 
monodactyl Equus. 

ITI. M esohippus-Parahippus-M erychippus-H ipparion lineage. 
Also a relative lengthening of the fust central phalanx and reduction 
in size of the laterals can be noted, but here the end form will be 
still tridactyl. 

Before going into the differences in these phylogenetical lineages it is 
necessary to review fust some of the existing ideas which are sometimes 
contradictory. Much has been written about the question if the laterals 
did touch the ground and were functional or not. 

TABLE V. Relative proportions lateral-central digit_ 

Mesohippua sp_ Hipparion sp_ 

I. Total length Me III + phalanges 124 330 

II. Length Me III 89 205 

III. Total length Me II + phalanges 115 255 

IV. Tota! length central phalanges 35 125 

V. Total length latera.l phalanges 30 68 

VI. Index II/III X 100 77 80 

VII. Index IfIII X 100 107 129 

VIII. Index IVfVx 10 116 188 
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ROBB (1936) has stated that the lateral toes in polydactyl horses were 
as weIl developed in geologically younger as in older forma, and he believes 
in two modes of evolution in the history of the foot of the horse, continuous 
and discontinuous. P. 273 "Continuous variation is in accord with the 
principles governing the relative growth of parts, whereby any augmenta­
tion of total size favours unequally its component parts. Given that 
digits II and IV are initially shorter than digit III in the primitive Eokippus, 
and granted that the apex of the longest digit will support the body 
weight, it is obvious that progressive elongation of the limb observed in 
M e80hippus and M erychippus tends to elevate the paramedian toes and 
eventually deprives them of an opportunity for weight-bearing. 

Discontinuous variation is observed in the abrupt transformation from 
a three-toed to a one-toed foot". Robb based this on data of the length 
relation lateral metapodial + phalanges and central metapodial, while in 
the conclusion he mentions the length relation between the whole digit III 
and lateral digit. 

If we are to draw conclusions on the length relation between the digits 
it win be necessary to compare homologous elements. If the length relation 
is taken between lateral digit and central digit the relations will be totally 
different (TabIe V). *) Robb's conclusions therefore are misleading and 
wrong. The more so as he starts with the wrong supposition that the apex 
of the third digit will support the body weight in polydactyl horses; 
functional and allometrical changes are not considered either. 

FORSTEN (1968) follows Robb, but measures the length of the lateral 
metacarpals in relation to the central of geological older and younger 
Hipparion. Against this method we make the following objections: 

1. It is unnecessarily laborious because from the volar side of the third 
metacarpal we can learn the length of the lateral as it is attached 
with its whole length to the third metacarpal in Hipparion, leaving 
a clear scar. In consequence the relation between the two will remain 
the same. 

2. Measuring the length of the lateral and taking its relation to the central 
is less exact because we have the problem of comparing bones of 
different individuals or even different species. 

Since the preceding pages have shown that one of the main changes in 
horse evolution is the relative lengthening of the central phalanges, it is 
obvious that the statement of FORSTEN (1968) that the metapodial is 
quite sufficient when investigating the development stage of the foot, 
is wrong. The weIl documented method followed by GROMOVA (1952) gives 

* A manus of Meaohippus and Hipparion is taken as example. Index VI shows 
the relation used by Robb and only a slight difference exists in this between the 
two hOrBes (77-80). Index VIII (relation lateral-central digit) is more relevant 
for the development stage of the foot and shows clear differences (116--186). 



THE OSTEOLOGY OF THE MANUS OF FOSSIL AND RECENT EQUIDAE 43 

some interesting results and shows that in the genus Hipparion there are 
also differences in the development of the lateral digits. Gromova takes 
the relation between length, width-diameter of the lateral phalanges with 
the same measurements of the third digit; also the articulation surfaces 
of the lateral and central metapodials are compared. This author finds, 
for example, that the laterals in H. longipes are relatively less developed 
in relation to H. moldavicum. Some other features show also that H. 
longipes was more advanced, like the relatively big facets for entocuneiform 
and cuboid on the third metatarsal. This may explain that more weight 
was borne by the central metapodial and fits in with the observation of 
relatively reduced and slender lateral digits. 

In the phylogeny of the horse tbe more generally accepted idea is a 
reduction in the lateral toes which , . ..:!'e still functional (MATTHEW, 1926; 
SIMPSON, 1951). TOBIEN (1953) adds to this that from Mesohippus there 
is a relative lengthening of the central digit and by it the elevation of the 
digit from the ground while the foot lost its pad. SIMPSON (1955) states 
that there was a sequence from one adaptive type of foot mechanism to 
another with the fluctuations in the various lines. 

In Table V some measurements of Mesohippus and Hipparion are given. 
If we compare the totallength of the lateral phalanges with the same 
length of the central we do not see many differences between these two 
measurements in Mesohippus (30 mm and 33 mm) while in Hipparion 
the lateral toe is relatively much shorter (68 mm and 125 mm). This relative 
shortening of the lateral or rather the relative lengthening of the central 
phalanges is quite clear in the lineage from Mesohippus towards Equus. 

In studies about horse phylogeny the feet of the fossil horses are 
compared with the modern horse in rest-position. The third metacarpal 
is then perpendicular to the ground and so the foot of Mesohippus etc. is 
figured in the same way, but it has never been checked whether this was 
the case or not. If not, the figures will present the wrong picture and are 
therefore misleading. In describing the phylogeny of the manus bones 
we have shown that there exist considerable differences in the fetlock, 
pastem and coffin joint. We see differences in size, shape and directions 
of the articulation surfaces. If we figure now the manus of M esohippus 
in a rest-position and use Equus as example then the animal is standing 
on the top of the third phalanx and the fetlock joint is in maximum dorsal 
flexion. How the animal walked in this way is not explainable and to 
consider this as rest-position of the Mesohippus is most probably in­
correct. If we compare the manus of Mesohippus now with that of a tapir 
we get a more functional position. This is also the position the preparators 
reconstructed-the articulated manus (fig. 20). Now the sole of the 
third phalanx will be parallel to the ground-plane while the fetlock joint 
is not in maximum flexion. Starting with this we get in the phylogeny 
of the horse also a change in the position of the hand, which will to a great 
extent affect the function of the laterals. 
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EQUUS HIPPARION MESOHIPPUS 

~I 

I I 

Fig. 20. Figured to same size the manus of EquU8, Hipparion and Mesohippus 
in rest position. A line is drawn through the fetlock joint. 

By lengthening of the fust central phalanx and change of the manus position in 
the phylogeny, the fetlock joint becomes higher from the ground plane. 

The main changes in the phylogeny of the horse manus can be sum­
marized as follows: 

M esohippus-Anchitherium lineage 

In stmcture the manus of Mesohippus towards Anchitherium remains 
the same. We find, however, an increase in size and the central is expanding 
with this a little more than the lateral metapodials, which may be explained 
as a allometrical change. 

The central metacarpal became leas inclined to the ground-plane. 
Lateral digita did touch the ground also in rest-position in Mesohippus 
as in Anchitherium. The central phalanges make a sharp angle with the 
ground-plane and the fetlock joint is close to the ground. The fust phalanx 
is short and massive. 

The movement of the fetlock joint in dorsal-ventral direction is restricted 
while in some lateral · movement was possible. In maximal flexion the 
angle between metacarpal and fust phalanx was about 140°. 

Lateral phalanges are weIl developed. The lateral metapodials were not 
firmly bound along the whole shaft of the central metacarpal and could 
spread on their distal parts from the central. The lateral metapodials 
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are weIl developed, the width and diameter of the shaft are constant, 
which gave the bone strength so it could act still independantly. 

The carpal bones still shifted much weight to the lateral metapodials 
and were not firmly bound to each other as they are in the Equus lineage. 

M esohippus-Parahippus-M erychippus-H ipparion lineage 

Here we find that the fetlock joint is higher from the ground (fig. 20): 

1. by the lengthening of the central phalanges. 

2. the inclination between ground-plane and the central phalanges is 
becoming less oblique; the metacarpal approaches the Equus position 
when the foot is in rest. 

The lateral phalanges wiIl also come higher from the ground because 
no relative lengthening is found in the lateral phalanges. 

The fetlock joint becomes more flexible in dorsal-ventral direction and 
the lateral movement becomes restricted. 

On the volar side of the fust phalanx there is a development of the 
V scar, while the central scar becomes less pronounced. 

The lateral metapodials are bound firmly by the intercarpalligament 
along the whole surface to the central metacarpal and did act with it as 
one bone. The shaft of the lateral is reduced in the middle while the 
proximal and distal articulation joints are still weIl developed in geologicaIly 
older horses. In Parahippus and M erychippus we still find a sagittal crest 
on the distal articulation surf ace which is fading in Hipparion. 

The carpals become more firmly bound to each other and less lateral 
movement was possible. More weight of the body is shifted to the central 
metacarpal. From Parahippus we find on the volar side of the Mc 111 
a developed tuberosity for attachment of the muscle interos800US which 
may be explained that the muscle interosseous has to support more 
strength by the lengthening of the central phalanx and was more powerful 
(soo chapter IV). 

M esohippus-Parahippus-M erychippus-Pliohippus-Equus lineage 

We note the same as in the former, but in Pliohippus the horse became 
monodactyl and it lost the lateral digits. It is here that we find the most 
developed oblique scar on the fust central phalanx; the central scar is no 
longer found in Equus. 

The fetlock joint has a maximal flexibiIity by a pulley-like distal joint 
of the metacarpal and is elevated high from the ground. 



lIl. THE MANUS OF THE CHIHUAHUA HORSES 

1. GENERAL REMARKS ON THE MATERIAL 

The horses from Chihuahua have previously been studied by LANCE 
(1950) and STIRTON (1955). The material came from an area west of 
Chihuahua. LANCE (1950) gives BOme data about the geology of the region 
where the fossils were collected in several localities. In all the localities 
the fauna was quite similar. For the present study only marerial was 
chosen from locality 275, to make certain that we had horses of which 
we may expect that they were living contemporaneously; moreover 
locality 275 was also the quarry which yielded the greatest number of 
horse fossils. The specimens were weIl preserved, so all articulation facets 
could be studied, measured and compared. 

LANCE (1950) places the fauna from the Chihuahua in the Late Hem­
phillian because he found similarities between Chihuahua and the fossils 
from Hemphill, and he states that the horse fossils are related but more 
advanced than those from Hemphill. 

It was possible to differentiate between the four horses on size and 
morphology of the bones. In locality 275 Astrohippus showed to be the 
most common. For the classmcation and taxonomy of the horses we 
follow LANCE (1950) and STIRTON (1955). 

For a general description of the bones one is referred to the fust chapter 
of this paper and only the most distinctive characters and its meaning are 
described. The measurements are given in Table VI till XV. Some charac­
teristic measurements which show the differences between the Pliohippus, 
Astrohippus, Neohipparion and Nannippus are plotted in scatter diagrams. 

2. DESCRIPTION OF THE BONES 

N avieular (Plate I, Table VI) 

The navicular of the four horses could be distinguished by their size. 
In Nannippus no facet of articulation was found for the trapezium in the 
four studied specimens. According to MATTHEW (1926) the lack of trapezium 
is a generic character of Nannippus. In Neohipparion the facet of articula­
tion with the trapezium was found in two of the sÏx bones. In Pliohippus 
a small facet occurred in three of the seven bones, and in A8trohippus in 
seventeen of the twenty-seven bones. The presence of this facet in A8tro­
hippus may be considered as primitive. 

On the lateral side we find behind the anterior facet for articulation 
with the lunatum, another facet for articulation with the magnum is seen 
in Neohipparion and Nannippus. This facet is not present in Equus, but 
is seen in Mesohippus, Merychippus and the European Hipparion, and 
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TABLE VI. Navicul,ar 

Nannippus N eohipparion A8trohippus PliohippuB 
min. mea.n max. min. mea.n max. min. mean max. min. mea.n max. 

4 ex. 6 ex. 26 ex. 7 ex. 

1. dia.m. ant.-post. 19,7 20,1 20,3 29,0 30,6 31,5 24,0 26,9 28,1 32,8 33,4 
2. width anterior 12,8 13,2 13,4 18,0 19,6 21,2 15,5 17,5 20,5 21,1 23,7 
3. width posterior 10,8 11,6 12,4 17,2 19,8 21,2 13,6 16,6 19,4 19,8 21,2 
4. height anterior 14,1 14,4 14,8 19,3 20,8 21,7 17,5 18,4 19,6 23,0 24,0 
5. height posterior 13,3 13,8 14,3 19,4 21,0 21,8 15,8 17,1 18,4 20,8 22,4 
6. fscet for tra.pezium 

present in o ex. 2 ex. 17 ex. 3 ex. 

800ms to be restricted to tridactyl horses where mostly the posterior part 
of the magnum is somewhat higher. In Pliohippus, Astrohippus and 
N annippus the anterior height of the navicular is larger than the same 
measurement at its posterior part. In N eohipparion the two measurements 
are about the same and the tendency is that on the other hand, the 
posterior part is higher (TabIe VI). In Hipparion (GROMOV.A, 1952) the 
height of the posterior part is always greater than the same measurement 
at the front, caused by the facet of articulation for the trapezium. This, 
however, can not be the case because we should have found the same in 
Astrohippus where this facet is a more stabIe characteristic than it is 
in N eohipparion. 

If we study the distal surface of the navicular we will notice that the 
posterior part which articulates with the trapezoideum is relatively the 
largest in Pliohippus and the smallest in N eohipparion. This seems to be 
contradictory because m<?re weight is shifted via the trapezoideum to the 
second metacarpal; in reality this is not true because in Pliohippus and 
also in Astrohippus to a less degree a facet of articulation is developed 
with the third metacarpal on the posterior distal part of the trapezoideum, 
80 a part of the weight is now shifted to the third metacarpal. 

Lunatum (Plate lID, Table VII) 

No lunatum of Nannippus was present. The most striking differences 
were found at the distal articulation surf ace of the bone. If we take the 
relation between the width of the facet for articulation with the magnum 
and that of the facet for hamatum we shall notice in N eohipparion a 
relatively much larger facet for hamatum than in Pliohippus and Astro­
hippus. The facet of articulation for the distal part of the magnum in 
Neohipparion is more concave than it is in Pliohippus and Astrohippus. 
This articulation facet is here more flat and elongated in anterior-posterior 
direction. The relatively small facet for hamatum (less weight to the 
fourth metacarpal) and the more flattened articulation surf ace for magnum 

34,3 
24,5 
23,0 
26,0 
24,8 
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TABLE VII. Lunatum 

N eohipparion A8trohippus Pliohippus 
min. maan max. min. maan max. min. maan max. 

3 ex. 

1. diameter ant.-post. 25,0 25,7 26,2 22,5 23,5 25,5 31,1 31,9 33,0 
2. maximal width 21,0 21,9 22,6 15,5 17,5 19,5 23,0 24,1 26,5 
3. maximal height 19,3 20,2 21,5 16,0 17,8 19,5 21,3 22,0 22,8 
4. width facet for hamatum 6,6 7,3 8,3 3,5 4,8 6,1 5,5 6,4 7,9 
5. width facet for magnum 11,4 12,3 12,9 10,0 11,4 12,8 15,3 15,8 16,5 

(less lateral movement) are progressive characters in Astrohipp'U8 and 
Pliohippus. On the whole the lunatum. in Neohipparion is broader than it 
is in PliohippU8 and AstrohippU8 if we consider the index anterior­
posterior diameter and width. 

Triquetrum (Plate ID, Table VIII) 

It is difficult to say to which group of horses the triquetrum., which is 
the most irregular bone of the proximal carpals, belonged. Mainly the 
division was done by its size and then we noticed that in Astrohippus only 
in 4 out ofthe 16 bones the facet for articulation with the ulna and pisiform 
were united. In PliohippU8 this connection was much more common, and 
so in this characteristic PliohippU8 was somewhat more progressive. 

Pisiform (Tabie IX) 

GROMOVA (1952) attaches much value to the relative height of the 
pisiform; a high pisiform is progressive. If we consider the index height/ 
length we will see that Pliohippus and AstrohippU8 have the highest 
pisiform. That of N annippU8 is also relatively high. 

Trapezium (Plate 11 Cl) 

This bone is also found in the Chihuahua collection of the Los Angelos 
County Museum. The shape is irregular and it was not possible to refer 

TABLE VIII. Triquetrum 

A8trohippus Pliohippus 
min. mean max. min. maan max. 

4 ex. 3 ex. 

1. oblique height 16,3 18,0 19,8 21,1 21,8 23,0 
2. the same in projection 13,3 13,7 14,2 16,0 17,0 18,0 
3. maximum width 10,0 10,4 11,5 13,7 14,5 15,5 
4. diameter maximal 18,3 19,2 20,1 23,5 24,9 26,2 
5. distanee between facet for 

hamatum and pisiform 3,5 4,5 5,0 4,5 5,6 6,5 
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TULE IX. PiBiform 

Nannippus N eokipparion A8trohippus Pliokippus 
min. maan max. min. maan max. min. max. 

3 ex. 1 ex. 12 ex. 2 ex. 

1. height 13,2 14,5 15,3 23,2 20,0 22,2 24,0 28,0 28,5 
21ength 19,6 22,3 32,5 25,5 26,9 29,0 34,0 35,0 

them to a group. This is understandable because the facets for articulation 
with this bone are very inconstant in shape and size on the navicular, 
trapezoideum and second metacarpal of Pliohippus, Ástrohippus and 
Neohipparion. The trapezium found mostly have two facets for articula­
tion ; confusing this bone with the Me V is not impossible. 

Trapezoideum (Plate 11 B 2, 3, 4; Table X) 

In the trapezoideum we can make a clear division between the groups 
because the second metacarpal is situated somewhat higher in N eohipparion 
than in Pliohippus and Ástrohippus; the trapezoideum in Neohipparion 
is lower. In Neohipparion also the facets for articulation with the magnum 
are less developed, especially the distal one. 

No posterior facet for articulation with the magnum is found in Neo­
hipparion. In Ástrohippus we found in six out of eighteen bones this facet 
mostly somewhat undeveloped and it was Been on the small tuberosity 
on the posterior lateral side of the bone. In Pliohippus this facet was found 
to be in all six bones weIl developed. In four out of six bones of Pliohippus 
there was a distinct facet for articulation with the third metacarpal. 
Pliohippus is in this aspect the most advanced horse and more weight is 
shifted from the trapezoideum to the central metapodial. The clear facets 
of articulation with the magnum in Ástrohippus and Pliohippus show 
that in these horses the trapezoideum and magnum were more tightly 
together than in N eohipparion and less lateral movement was possible. 

The proximal articulation encroaehes on the volar side up to the distal 

TULE X. Trapezoideum 

N eohipparion A8trohippus PliohippUB 
min. maan max. min. maan max. min. maan max. 

5 ex. 18 ex. 6 ex. 

1. diameter ant .. post. 15,8 16,8 17,9 12,8 14,1 16,2 19,2 20,4 21,7 
2. width 11,2 11,8 12,8 8,4 10,0 11,5 13,2 13,8 15,2 
3. height 13,0 13,6 15,1 10,0 11,6 13,2 15,3 16,5 17,3 
4. distal facet for magnwn 

present in o ex. 5 ex. 6 ex. 
(little developed) 
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articulation surface in Pliohippus and Astrohippus. In Neohipparion there 
is mostly a smaIl gap between the two facets. 

M ag'num (Plate lil, Table XI) 

The magnums of locality 275 were easy to distinguish on morphological 
differences and size. 

a. proximal articu1ation surface 

The posterior articulation surface for lunatum encroached in Pliohippus 
also on the volar side. In the magnum of N eohipparion we can notice a 
facet on the posterior part articulating with the navicular. 

b. medial surface 

The two facets for articulation with the trapezoideum on the anterior 
side were less pronounced in Hipparion and Nannippus. In Neohipparion 
the lower facet (above that of the articulation facet of Me 11) was even 
lacking in three out of seven bones. In N eohipparion and N annippus on 
the posterior part we did not find a facet of articulation with the trape­
zoideum. In Astrohippus this facet is present in el even out of the thirty­
seven magnums, but little developed. In Pliohippus five out of the six 
bones had the facet for trapezoideum on the posterior side and the facet 
was weIl developed. This is consistent with the finds in the trapezoideum 
and we may draw the same conclusions. The Pliohippus is the most 
progressive as the articulation facets for the tra pezoideum are the most 
developed and so these two bones are more tight together. 

c. lateral side 

The articulation surf aces for the hamatum were more clear and more 
developed in Pliohippus and Astrohippus than they were in N eohipparion 
and Nannipp'U8. 

TABLE XI. Os magnum 

NannippUB N eohipparion Astrohippus Pliohippus 
min. maan ma.x. min. mean max. min. mean max. min. maan max. 

4 ex. 6 ex. 

1. diameter ant.-post. 17,8 18,4 19,2 25,2 25,7 26,3 22,2 24,5 26,0 30,1 31,7 34,0 
2. width (max.) 19,3 19,8 20,3 30,4 31,1 32,3 24,5 27,3 28,8 35,0 36,8 38,5 
3. height (anterior) 9,5 9,7 10,3 13,0 13,9 14,3 10,3 11,5 12,9 15,2 16,2 17,0 
4. width of the distal 

posterior part 8,5 8,9 9,2 10,8 12,2 12,7 9,8 11,5 13,8 13,8 15,0 16,5 
5. height (posterior) 11,4 11,8 12,4 14,5 15,1 16,0 12,3 13,2 14,7 16,4 17,7 19,5 
6. width of facet for 

MeU 2,5 2,7 3,0 3,6 4,2 5,0 1,6 3,0 4,2 2,7 4,8 5,5 
7. width of facet for 

Me UI 17,0 18,0 18,9 27,2 27,6 28,2 22,5 25,5 27,6 32,0 33,9 35,2 
8. angle between 6 

and7 1140 1240 1300 1050 1110 1200 1120 1270 1430 1240 1370 1430 
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TABLE XII. Hamatum 

Nannippua N eohipparion Astrohippu8 Pliohippu8 
5 ex. 20 ex. 16 ex. 1 ex. 

min. maan max. min. maan max. min. maan max. 

1. diam. (ant.-post.) oblique 13.7 19,8 20,8 22,0 16,6 19,1 20,6 24,0 25,7 28,5 
2. width perpendieular diam. 7,8 13,3 13,6 14,2 11,1 12,5 15,4 15,2 17,1 19,5 
3. maximal height 11,0 16,1 16,6 17,3 12,5 13,8 15,9 17,2 19,0 21,2 
4. number of specimen 0 3 ex. 20 ex. 16 ex. 

with facet for Me V weIl developed 

d. distal side 

The angle between the articulation facets in N eohipparion and N an­
nippus between Mc III and Mc II was more sharp than in Pliohippua 
and Ästrohippua. In the last two horses the contact between the facets 
was crest-like. 

Hamatum (Plate II A, Table XII) 

a. medial side 

The facets of articulation with the magnum were better developed in 
Ästrohippus and Pliokippus than in Neohipparion and Nannippua. 

The faceta for Mc III were relatively larger in Nannippus, Pliohippus 
and Ästrohippus than in N eohipparion. 

b. lateral side 

Below the facet of articulation with the triquetrum a clear facet was 
found in ten out of sixteen hamatums of Pliohippus; such a facet was leas 
developed or lacking in Ästrohippus, Nannippus and Neohipparion; 
similar facets were found in Merychippua, Mesohippua etc. ·and articulates 
with the Mc V. The facet in Pliohippua was even more developed than 
in Merychippua. On the Mc IV of Pliohippus we found o.lso small faceta 
on the lateralside which may indicate the presence of a Mc V. This bone 
must have articulated more with the hamatum according to the facet 
found on this bone. The facet was alwo.ys in contact with the articulation 
surface for the os triquetrum. The angle between this facet for Mc V and 
Mc IV varied in Pliohippus between 100° o.nd 115°; in Merychippus this 
was 142°. It seems as if the Mc V has moved along the hamatum. In 
N eohipparion where also a Mc V was present this bone articulated only 
with the Mc IV. The reason why the facet for articulation with the Mc V 
suddenly developed in this way in the hamatum of Pliohippus is not 
clear because in all other manus characteristics this horse is the most 
progreasive of the four. Perhaps it had still a small function, similar to 
that of a sesamoid bone. From the studies of MATTHEW (1926) and GAZIN 
(1936) we learned thatin PlesijJpus the Mc V was o.lso weIl developed 
and situated similar. 
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Lateral metapodials (Plate IV C, D; Tables XIII and XIV). 

Mc 11 proximal articulation surface 

In Pliohippus there was in four out of the fourtoon bones a small 
articulation facet with the trapezium. In Astrohippus in ten out of the 
nineteen and in N eohipparion in five out of the six. In this character 
Pliohippus is progressive and the reduction of the trapezium already 
taok place. 

The posterior facet (on the lateral side) for articulation with the Me 111 
is lacking in N eohipparion, but present and developed in Pliohippus and 
Astrohippus. As in all carpal bones we soo that they are pressed tagether 
in monodactyl horses, and in consequence the facets between these bones 
are better developed. 

Mc IV proximal articulation surfaee 

In Pliohippus three out of the seventeen bones show a facet for 

TABLE XIII. Me II proximal part 

N whipparion Astrohippus Pliohippus 
min. maan max. min. maan max. min. maan max. 

6 ex. 19 ex. 14 ex. 

1. diameter ant.-post. 12,8 13,8 14,5 11,9 13,4 15,7 15,0 17,1 20,0 
2. width 9,9 10,2 10,7 8,5 9,5 10,6 11,5 12,2 13,0 
3. a height ant. facet for 

MeIll 3,2 4,3 5,0 3,5 4,4 5,5 3,5 4,7 6,0 
b height post. facet for 

MellI not present 3,5 5,1 6,2 3,7 5,5 8,5 
4. presenee of facet for 

trapezium in 5 ex. in 10 ex. in 4 ex_ 

TABLE XIV. Me IV proximal part 

N eohipparion Astrohippus Pliohippus 
min. mean max. min. mean max. min. mean max. 

7 ex. 14 ex. 17 ex. 

1. dia.meter a.nt.-post. 13,8 14,8 17,0 11,4 12,2 13,0 15,0 16,0 18,2 
2. width 8,5 9,6 10,8 8,7 9,8 10,5 11,0 11,9 12,5 
3. angle between the two 

facets for Me III 1400 1520 1670 1220 131 0 1430 1300 1350 1420 

4. a height ant. facet for 
MellI 3,0 3,8 4,2 3,0 3,8 5,1 3,0 4,3 5,8 

b height post. facet for 
MeIll 4,0 5,0 6,5 2,5 3,9 4,7 4,0 5,8 7,8 

5. facet for Me V in 3 ex. facet 
present 

a height 2,6 5,0 6,3 2,0 3,3 5,2 
b width 3,2 5,5 7,2 no facet present 3,2 6,1 6,0 
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Mc V; in AstrohippU8 no facet for Mc V was found (one dubious case out 
of thirteen bones); in N eohipparion the facet was present in all of the Beven 
bones. If we compare the facet for Mc V in Neohipparion and PliohippU8 
the one of N eohipparion is bigger and the angle this facet makes with the 
facet for hamatum is sharper (80°), in PliohippU8 this is 135°. In Plio­
hippU8 the facet is connected with the facet of hamatum, in N eohipparion 
this was not the case. The Mc V articulated in PliohippU8 mainly with 
the hamatum (see hamatum) and in Neohipparion mainly with the Mc IV. 

Third metacarpal (Plates IV A, Band V; Table XV) 

The main differences between tridactyl and monodactyl horses as is 
discussed in chapter IJ B 1 were found between Neohipparion and Astro­
hippU8-PliohippU8. NannippU8 did not have all the typical characters of 
a tridactyl horse, for example, the width at the distal articulation exceeded 
the same measurement just above the distal articulation surface at the 
tubercules. This was also found in PliohippU8 and AstrohippU8 and other 
monodactyl horses, but in tridactyl horses like our N eohipparion the 
width at the tubereules is the largest. 

TABLE XV. Me 111 

Nan- Aatrohippus N eohipparion PliohippuB 
nippua min. maan max. min. maan max. min. maan max. 
1 ex. 27 ex. 6 ex. 16 ex. 

1. length 154,5 171,5 179,7 187,8 199,3 205,2 209,0 212,5 218,9 224,5 
3. width of the proximal 

artieulation surfa.ce 22,8 29,0 30,6 33,7 31,7 32,2 33,0 36,0 39,0 42,0 
4. ant.-post. diameter of the 

proximal part 17,4 20,3 20,6 23,6 26,1 27,5 28,2 26,3 27,9 30,5 
5. ant.-post. diameter of the 

proximal artieulation surfa.ce 16,5 19,3 20,7 22,0 23,0 24,1 25,0 25,0 26,2 28,1 
6. width of the posterior part of 

the artieulation surfa.ce 11,5 11,6 13,4 14,7 14,0 14,4 15,3 15,0 17,1 19,9 
7. width of the artieulation 

surfaee for the hamatum 07,0 6,5 7,7 9,5 7,1 7,7 8,5 8,7 9,9 12,2 
8. width of the artieulation 

surfa.ce for the magnum 19,3 24.5 26,0 29,2 26,3 27,5 29,2 32,0 33,5 36,0 
9. width of the distal part of 

the bone at the tubereules 18,0 24,3 25,9 27,2 29,0 29,8 30,3 33,7 35,2 37,2 
10. width of the distal 

artieulation surfa.ce 19,5 25,8 27,4 29,4 28,4 29,6 30,6 34,6 36,2 40,0 
11. ant.-post. diameter of the 

distal artieulation surfa.ce 18,0 20,2 21,2 23,0 23,2 24,0 25,0 26,5 29,3 31,1 
12. ant.-post. diameter in the 

middle 13,0 15,7 16,6 17,5 18,2 18,9 19,8 20,8 22,0 24,3 
13. width at the middle 13,5 19,2 20,4 22,0 20,8 22,6 23,0 24,5 27,2 29,5 
14. angle between facet for 

magnum and hamatum 1470 1340 1400 1490 1340 1380 1520 1380 1430 153' 
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At the proximal articulation surlace we found in Pliohippus of ten a 
still distinct facet of articulation with the trapezoideum (absent in Astro­
hippus). Below the proximal articulation surlace on the volar side of the 
metacarpal we found in N eohipparion a tuberosity for attachment of the 
tendon for the muscle interosseous. In Pliohippus and Astrohippus this 
was more like a ridge and the inter088eOus ligament had here perhaps 
developed already. 

Also on the volar side of the shaft we noticed in N eohipparion on either 
side roughened areas for attachment ligaments of the lateral metapodials. 
In Pliohippus and Astrohippus it reached only up to 2/3 of the bone. We 
find in N eohipparion a gulley in which the muscle interosseous was lodged. 
In Astrohippus and Pliohippus the volar side is more flat. 

If we take the proximal width and diameter of the metacarpal than we 
notice a distinct difference: In N eohipparion the diameter is larger in 
relation to Pliohippus and Astrohippus. Nannippus is closer to the last 
two horses (fig. 21). 

3. CONCLUSIONS ON TUE OARPUS OF TUE OHIHUAHUA HORSES 

N eohipparion floresi had all the characters as described in the first 
chapter for a functional tridactyl locomotion. Pliohippus mexicanus and 
Astrohippus stocki are monodactyl and some primitive characters are 
found in these horses like fifth metacarpal and trapezium, in Equus 
cahallus these are mostly absent or more reduced. N annippus does not 
fit in this general picture and shows characters of tridactyl and monodactyl 
horses in its carpus. The magnum and navicular are more like N eohipparion 
but in N annippus c.f. minor from Chihuahua no fifth metacarpal and 
trapezium was found; in this respect this horse is more advanced than 
Pliohippus mexicanus and Astrohippus stocki. The lacking of Mc V and 
trapezium was described as ageneric character for Nannippus by 
MATTHEW (1926). 

Another striking difference with tridactyl horses is that the width of 
the distal articulation surlace of the metacarpal exceeds in N annippus 
the width just above this articulation surlace at the tubercules. This is a 
constant feature found in monodactyl horses (GROMOVA, 1952). 

Between Pliohippus mexicanus and Astrohippus stocki there are also 
morphological differences besides the size. On the whole Pliohippus 
mexicanus is more progressive in its carpal bones and articulation joints. 

In the trapezoideum we found a clear facet on the posterior part for 
articulation with the magnum and third metacarpal. This is absent or 
faint in Astrohippus stocki. In Astrohippus the percentage of facets for 
articulation with the trapezium on the navicular is higher. In one aspect 
(a distinct facet for the Mc V was found on the hamatum) Pliohippus 
mexicanus was primitive. 



IV. BIODYNAMICA AND FUNCTION OF THE MANUS 

A. JOINTS 

OarpaZ 

The movement of the carpal joint is mainly that of flexion and extension. 
In Equus the movement is practically restricted to the radio-carpal and 
inter carpal joints. It is seen from the foregoing chapters that the carpal 
bones were not bound so tightly together in the tridactyl horses, especially 
so in the Mesohippus-Anchitherium lineage, and this shows that in these 
horses more lateral movement and rotation could be produced. A greater 
flexibiIity can be noted in dorsal-volar direction. Flexion between the 
distal row of the carpus and metacarpus was possible, while in Equus 
they remained in contact during movement. In maximum flexion we may 
expect that the position of the metacarpus to the ground-plane is ab out 
the same as in Equus, while in extension this is more oblique in Mesohippus 
and Anchitherium (the rest-position of the manus is in principle different 
in Mesohippus-Anchitherium as has been stated in chapter 11 D). The 
horses of the Mesohippus-Merychippus-Equuslineage are closer to Equus 
in the function and position of the carpal joint. The movements in the 
carpal bones are quite complex and it is difficult to trace its functional 
changes during the phylogeny of the horse. 

Fetlock, pastern and coffin 

Thanks to the magnificient study on the phylogeny and functions of 
the digital ligaments of the horse by Camp and Smith we now know far 
more about phylogenetical changes in the attachment scars for the digital 
ligaments, and from this the functional changes of the digital ligaments 
are explained. No attention was, however, paid to the relative lengthening 
of the median phalanges. 

CAMP and SMITH (1942) p. 87 consider the development of the complex 
ligamentary system to be accompanied with 

1. the increa.sed weight falling on the enlarged third digit. 

2. the reduction of the foot pads. 

3. the achievement ofaxial symmetry in the phalanges. 

4. the loss of lateral flexibiIity associated with the development of the 
pulley-like joint and the pendulum action of the limbs. 

5. the loss of instric foot musculature. 

6. especially the development of elastic springiness. 

We, however, are ofthe opinion that the complexity ofthe ligamentary 
system is accompanied by: 
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1. lengthening of the central phalanges, the foot lost by this its pad, 
more weight was brought upon the third digit (in principle point I, 
2 and 5 of Camp and Smith). 

2. the fetlock joint became more flexible and about 40° more dorsal flexion 
was possible in Equus if compared with Mesohippus (chapter II BI). 

3. the lengthening of phalanges had great mechanical consequences 
because by this more pressure was brought upon the fetlock joint. 

4. a same lateral movement in the fetlock joint will result in direct 
proportional (to the lengthening) movement on the ground. 

It is Been from the foregoing points that the function of fetlock joint 
is affected most by the lengthening of the phalanges and must be better 
fortified against too much lateral and dorsal flexion. From chapter II B I 
we have Been that the sagittal crest on the metacarpal is developing, 
which may be explained to avoid lateral movements as GROMOVA (1952) did. 

During jumping and running enormous pressure is brought upon the 
hoof, the fetlock will be bent and the ligaments are then in extension. 
If we take Equus the phalanges and metacarpal wiII make an angle of 
about 150° at the fetlock joint in rest position; at that moment the 
metacarpal will be about perpendicular to the ground. In maxima! 
flexion the joint may be bent up to 100° or less (CAMP and SMITH (1942)). 
The fetlock is supported by a number ofligaments of which the interosseous 
tendon and the oblique sesamoid ligament have an important function 
in the present horse (automatic springing mechanism). The proximal 
sesamoid bones are interposed to the ligaments just mentioned. The tendon 
interosseous lies on the volar side of the metacarpal and it arises from the 
distal row of carpal bones and the proximal part of the metacarpus; 
it extends downwards to the distal fourth of the metacarpal where it 
divides into two separate branches and inserts into the proximal Besamoid 
bones. The ligamentum obliquus is trianguIar and attached to the same 
sesamoid bones. On the first phalanx a trianguIar rough area is found 
(V scar). According to CAMP and SMITH (1942) the V scar is developing 
during the evolution of the horse and in M erychippus the oblique ligament 
is something new and is developed out of the crucÏate ligament. In figure 22 
an outline is given of the fetlock joint and its biostatics. For simplification 
the three phalanges are taken as a whole (Movements of the coffin and 
pastern joint are of lesser importance). 

We can apply now the following formula to this system: 

Sa-Kl cos (J=O or S=K(Ifa) cos {J 

In other words: 
The tension in the ligaments is directly proportional to the length of 

the phalanges and inversely proportional to the diameter of the Besamoid. 
In consequence, when the phalanges became relatively twice as long, 
which is the case from Mesohippus to Equus, the tension in the digital 
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Fig. 22. Outline of the simplified biostatics in the fetlock joint (c). 

C fetlock joint 
K = pressure on the hoof 
G = vertical weight of the animaJ 
I = length of phaIa.nges 
B = angle of metapodial and phalanges-90o=p 
a diameter of sesamoid bone which is considered as a circle sector and Cim 

rotate around point C. 
p oblique sesamoid ligament 
q interosseous ligament (muscle) 
S tension in the ligaments 

To get balance, the tota! system of the moments has to he zero in C. The tension S 
in P and q is the same because the points of s.tta.chments are in both cases s.t the 

same distance (a) of C. 

ligament which supports the fetlock joint will be twice as graat. The 
increase in Bize of the sesamoid will reduce this tension, however. It is 
now clear that the size of the sesamoid bones is of importance for the 
whole biodynamics of the foot. 

The angle {J is minimal when the fetlock joint is in maximal dorsal 
:Rexion. Cos {J will have then the maximal value and in consequence also 
the tension in the ligament (S). The minimal angle of {J is not the same 
in all horses as is stated before and will change during the phylogeny. 
In Me80hippus it is ± 50° while in EqU/U8 less than 10°. It is clear that 
the tensÎon (S) will increase directly proportional to C08 {J. 
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We can assume that the oblique scar is developing together with the 
phalanx lengthening and the greater Hexibility of the fetlock joint from 
Parakippus onward. The function might be explained now as follows: 

l. to prevent lateral displacement of the sesamoid bones (which is also 
the function of the cruciate ligament from which it was derived). 

2. to prevent lateral dislocation of the fetlock joint together with the 
better developed sagittal crest on the distal articulation joint of the 
third metacarpal. The oblique scar is more expanding and the central 
scar is disappearing. The oblique course of the ligamentum obliquum 
is better adapted to prevent lateral dislocation. 

3. better support of the fetlock joint to prevent too much dorsal Hexion. 

4. finally in Equus it will be part of the automatic springing mechanism. 
It is here that the oblique ligament has to endure the most strength. 
The V scar is the most pronounced and its attachment surface reaches 
up to 2/3 of the phalanx length (TabIe XVIII). This shows that 
the ligament was longer and so more elastic (springing mechanism); 
also that its attachment to the phalanx was stronger (greater area of 
attachment and the angle of its attachment with the fust phalange 
was sharper and in consequence the force perpendicular to the bone 
became reduced). 

This supposition finds also support in the fact that we do not find an 
oblique ligamentary scar in the Mesokippus-Anckitkerium lineage. Here 
the central scar remains prominent. In this phylogenetic line we do not 
find the phalanx lengthening or an important increase in fetlock joint 
Hexibility. 

CAMP and SMITH (1942) compare the action of the fetlock joint and 
"springing ligaments" with a boy jumping on a pogo stick. The harder 
the impact the higher the bounce up to the capacity of the apparatus. 
According to them the development of this springing mechanism (inter­
osseous tendon and the oblique ligament) would have had. infiuence on the 
complexity of the digital ligaments, and the degeneration of the muscle 
interosBeOus into atendon would already have been a fact in Merychippus. 

Studying the volar side of the metacarpal 111 (chapter 11 BI) we find 
morphological characters which can perhaps be explained by the fact 
that still in most tridactyl horses the "tendofication" of the muscle 
interosseous was not yet complete and only in monodactyl horses this was 
the case; our conclusion is based on the fact that the volar surface of the 
third metacarpal is concave and gulley-like (for lodging a muscle), while 
on the proximal part a clear tuberosity is found for the attachment of a 
tendon. In Equus we do not find such a pronounced gulley as in the just 
mentioned tridactyl horses and the"attachment area is more ridge-shaped 
which is more suitable for the attachment of the band-shaped interossoous 
tendon. 
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Restorations of the feet and sesa.moidean ligaments in Mesohippus, Hipparion and Equus adapted from Camp and Smith 1942. 
Drawn on the same length. 

M. int. musculus interoBBeous 
T. int. tendon interoBBeous 
L. BeS. cent. ligamentum sesa.moideum centrale 
T. prof. tendon of musculus flexor digitorum profundus 

L. ses. obl. 
L. 8eB. recto 
L. 8eB. crus. 

ligamentum sesamoideum obliquum 
liga.mentum sesamoideum rectum 
liga.mentum sesamoideum cruciatum 

la. Af ter CAMP and SMITH (1942). In this position the fetlock joint is close to maximal dorsal flexion. The third phalange is pla.ced oblique to the 
ground plane, so the fetlock joint comes higher, and the footpad looks quite unnatural. 

2a. The rest position of Mesohippus as is proposed in this paper. It is more like that of a tapir. The foot had a pad between the three digits and 
so situated below the phalanges that it could support the first and the second. The position of the Me III is oblique to the ground 
3a. Foot of Hipparion in restposition. The foot lost its pad by the relative lengthening of the median phalanges and fetlock came 
from the ground. The position of the IIieta.carpal III was more like Equus. There was still a musculus interoBBeous and the animal could 
regulate the position of the foot a.ctively. There was probably, as CAMP and SMITH (1942) suggested in Merychippus, an enlarged digital 

cushion and frog. 
4a. The foot of Equus. 

Below, volar views of first phalange of the third digit. 
1b, Ic. Mesohippus and Equus after CAMP and SMITH (1942) showing the digital liga.mental scars. 

2b, 3b, 4b. The phalanges are drawn on the following scale: the proximal width is taken constant while the length is taken in relation 
to the third meta.carpal. 
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The advantage of the interosseous muscle in tridactyl horses might 
have been that it could regulate to a certain extent actively the position 
of the fetlock joint which became impossible in the automatic springing 
mechanism. So the degeneration of the muscle interosseous into atendon 
is something which occurs fairly late in the horse evolution, and it is not 
possible to associate this with the complexity of digitalligaments starting 
from Merychippus. 

B. TYPE OF FOOT 

In figure 23 outlines are given of three foot types which probably 
occurred during the phylogeny of the horse. Restoration of the manus in 
Plate 8 given by Camp and Smith is taken as a starting point from which 
our figure is adapted. 

The manus are all drawn to the same length. In 2a, 3a and 3b the total 
length of the phalanges is taken constant. In 2b, 3b and 4b the width is 
taken constant while the length is given in relation to the length of the 
metacarpus. In la af ter Camp and Smith the M esohippus manus is put in 
Equus position while the length of the first phalanx is similar to Equus (4a). 
Because of this the foot pad looks quite unnatura!. In 2a the foot of 
Mesohippus is placed in the position as proposed in this paper. The foot 
is placed in rest position (according the articulation surfaces of the several 
joints) and more like a tapir. 

On the first phalanx, which is relatively short, a clear central scar was 
found. The lateral digits touch the ground also in rest position. The 
laterals could still spread independently from the centra!. The musculus 
interosseous is weIl developed. This kind of "padded tridactyl foot" we 
find in the Mesohippus-Anchitherium lineage. In 3a Hipparion foot is 
figured. This type of foot "tridactyl tip toe" can be found also in Para­
hippus-Merychippus. The horse lost its pad and started to walk on the 
top of the lengthened third digit. The laterals were only in function under 
special circumstances as running, when sinking into soft ground, with the 
start and as SHOTWELL (1961) explained in dodging manoeuvres. The 
lateral metacarpals were firmly bound to the central and could not act 
independently. The position ofthe foot is more Equus-like. The interosseous 
muscle had not yet changed into atendon and the horses could, to a 
certain extent, regulate the foot position. The phalanx has a distinet V scar 
while the central scar is relatively less important. Perhaps here the liga­
mentum sesamoideum rectum was developed. 

In 4 the foot of Equus, which is similar to that of Pliohippus, Plesihippus, 
"the monodactyl springing foot type". The laterals were lost. The inter­
osseous muscle is degenerated to atendon and the so-called springing 
ligaments are weIl developed. The fetlock is far from the ground-plane 
and the animal possesses relatively long phalanges with an distinct V scar 
for the oblique ligament. The central scar is lost. The long size of the 
V scar must have had two advantages: 
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1. better attachment to the fust phalanx. 

2. it shows that the oblique ligament was relatively long and thus more 
elastic, which promoted the spring effect. 

Together with the long phalanges the possibility of a big dorsal flenon 
in this foot type must be very favorable for the "pogo stick" effect. 
This foot was highly specialized for running efficiently and fast over 
greater distances and was in this aspect more adapted then its tridactyl 
forerunner. The tridactyl could start perhaps quicker but did not have 
the endurance of the monodactyl. 



v. THE MANUS PHYLOGENY IN CONNECTION WITH 

OTHER CHARACTERISTICS 

A. MESOHIPPUS 

In the Mesohippus manus lateral flexibility was observed, this is found 
also in the pes where we find a similar foot pad as in the manus. In M eso­
hippus there is still a distinct ulna which is not so tightly fused with the 
radius as in later horses. Also the fibula was still present along the whole 
shaft of the tibia. 

Skull: the premaxilla does not protrude much in comparison with 
later horses. The free parts of the nasals are short; the orbita is not closed 
totally by a bone and is open behind; the teeth are chtamalodont 1) and 
clearly lophodont. The premolars (except the Pi) are molariform and the 
whole aspect of the dentition was that of a browser. 

B. ANCHITHERIUM 

The previously described characteristics for Mesohippus aro also 
applicable to Anchitherium and the larger size is the only clear notabie 
difference. Though so far there is no complete skull described of Anchi­
therium, we may expect that this will be similar to that of Hypohippus, 
a very closely related genus. Here the orbita is not closed, in addition the 
teeth of the group are also difficult to distinguish from M esohippus on 
the morphology of the ridges, though we have of course again a clear 
difference in size. Anchitherium had a similar foot pad on the pes as it 
had on the manus. The differences in morphology of Anchitherium with 
Mesohippus can be explained allometrically. The animal remains a typical 
browser with padded feet. 

C. P ARAHIPPUS-MERYCHIPPUS 

These two genera show a number of changes which are a trend to the 
same specialisation. M erychippus is geologically the youngest of the two 
and derived from the first. As SIMPSON (1961) wrote: "The group of 
M erychippus was actually a complete splitting up into different lineages 
that eventually evolved in a number of different genera of grazing horses" . 

Some of the trends in the Parahippus-Merychippuslineage which goes 
parallel with the phylogeny of the manus are: 

1) As the term bra.chiodont has been used before in human dental morphology 
in a.n.other senaa, KOBENHOF (1960) introduced therefore for low-crowned teeth the 
term chta.meJodont as opposed to hypsodont (high-crowned teeth). 
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The hind foot lost its pad by lengthening of the central phalanges. The 
position of the hind foot changes as the front leg did. The ulna reduced 
further and the shaft was tightly bound to the radius. The fibula is reduced 
and the shaft becomes vestigal. 

The premaxilla tends to protrude further, while the orbita closes by 
the development of a supraorbital process of the frontal bone. This con­
figuration is something new in the horses that changed clearly their 
habitat from browsing to grazing. SIMPSON (1951) explains the function 
of the circled bone around the eye-socket to support the strength of the 
skull. We can understand this as the chewing mechanism became more 
powerful and so the skull must be adapted to support more stress and 
strain. The teeth become gradual more hypsodont and coated with 
cement. 

The change of the locomotion apparatus can be explained by the change 
of habitat, Been also in the chewing mechanism. This has already been 
stated in many previous studies. 

In soma cases there is doubt about the place of a genus in the phylogeny. 
I want to mention here Archaeohippus of which the generally accepted 
idea is that this tiny horse tends to parallel Anchitherium (SIMPSON, 1932; 
STIRTON, 1940), Archaeohippus was proposed by Gidley in 1906 on 
material from the Mascall beds and originally described as Anchitherium 
ultinum Cope. SIMPSON (1932) describes a new species A. nanus from 
Thomas farm, which was made synonomous with Parahippus blackbergi 
by WHITE (1942) and BADER (1956). DOWNS (1956), however, in describing 
the Mascall fauna maintains the generic name of Archaeohippus in the 
species blackbergi and discusses several characters of the genus Archaeo­
hippus which shows advanced characters. A. blackbergi is in relation to A. 
ultimus even more primitive; the fust has 4 features in the teeth which 
may be considered as primitive while 2 are advanced, in the second it 
is 3-3. 

The study of the post cranial parts of A. blackbergi from Thomas farm 
shows us from the preceding chapters that this horse had a locomotion 
similar to that of Parahippus and Merychippus and well distinguishable 
from horses ofthe Mesohippus-Anchitherium lineage. There was a relative 
median phalanx lengthening. The laterals were tightly bound to the 
central and could not spread any more. The foot lost its pad. In comparlson 
to the teeth the foot structure was further evolved, and the animal had 
probably changed already his habitat. In evolution it is of ten seen that 
teeth will preserve more conservative characters while the locomotion 
is evolving quicker and is losing its primitive features when it is without 
function. 

To consider Archaeohippus as a seperate genus is a matter of taste. 
According to Stirton, Downs and others in tooth characters it is distinct 
from Parahippus while in foot structure it is more similar to Parahippus. 
Any way the animal must have been in habitat closer to Parahippus as 
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to Anchitherium and in the phylogeny it is closer to the first.1) This 
observation may give support to WHITE'S idea (1942) who puts Archaeo­
hippu8 blackbergi in the following phyletio series: P. blackbergi-P. barbouri­
P. leonensis-Merychippu8 gunturi. 

D. IfrpPARION 

The Hipparion manus was still tridactyl and in function similar to that 
of Merychippu8, though a number of differences have been stated in the 
preceding chapters. 

In the radius there is further reduction of the ulna. The teeth are 
hypsodont. In the Palearctic Hipparion there is a big variation which 
FORSTEN (1968) considers adaptive and the evolution was that ofspeciation. 
The Euro-Asiatic Hipparion are better known by the painstaking and 
penetrive study of GROMOVA (1952) who established very clearly its 
morphological and functional characteristics. The systematics of the 
Hipparion are quite complex and many species are described. 

In a recent study FORSTEN (1968) has given a revision of the Hipparion 
and considers many of those species non valid and gives a phylogeny of 
Palearctic Hipparion. Though we agree with Forsten that the number of 
species is high, we do not adhere to the method followed by this author. 
FORSTEN (1968) starts from the opinion that Hipparion should be discussed 
in the same terms as recent animais. Further she considers specimens from 
different quarries (in geography and time) without sufficient evidence as 
local populations of the same species. The species concept is a very 
complicated one, but generally it is accepted that we can not use one single 
uefinition for it, and that it is difficult to apply the species concept of 
recent animals to that of fossils (CAm (1953) and SIMPSON (1951 b) since 
it takes no account of the passage of time. We do not know anything of 
fossils about genetics, besides a thannatocenose is not identical to a. 
biocenose. If we have material from two localities of which we do not 
know that they are absolutely synchronous and from a same biotope, we 
have to consider them seperately. SIMPSON (1951 b) defi.nes this as follows: 
"To consider the two (or more) lots of associated specimen as samples of 
different local populations and derive from their estimates of morphological 
variation in those populations". 

FORSTEN (1968) considers the relative massivity of the metapodials 
as an important feature for separating species of Hipparion. She distin­
guishes, for example, in the localities of Maragha, Pikermi and Samos the 
species of H. primigenium and H. mediterraneum ; the fust is the more 
massive one, while the other is of more slender built. They are in these 
localities, according to Forsten local populations of the same species. 

1) This confirms also the statements of MATTBEW 1932. Archaeohippua belongs 
without question in the protohippine group and not in the anchitheriine group. 
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Her scatter diagram of the length/width relation in the Mt 111 shows it 
to be very amorphous and it is not clear on which supposition the 95 % 
equi-probability axis are drawn from the two species. In other words which 
criterion was applied to separate a metapodial of primigenium or mediter­
raneum as there are no clear groupings in her scatter. 

If we take the scatters of PmLOT (1956) fig. 24 and 25 we get a totally 
different picture of the localities Pikermi and Maragha. In the first we have 
long and relatively slender bones and short more massive ones, while in 
Maragha the last group is lacking and with the increase in length the 
metatarsal width is increasing proportionally. The two scatters are 
clearly different. To consider the bones of these localities as belonging 
to local populations looks somewhat unnatural. The more so if we take 
into account: 

1. that we do not know what is the time difference between the two 
localities. 

2. the geographical distance is considerable. 

3. the fauna is different in the two localities. In Pikermi we do not find, 
for example, Ohilotherium, Urmiatherium, lranotherium and Para­
taxidea which genera are restricted to Asia (Sarnos excluded). 

Even when we discuss the fossils as recent animals it is not realistic 
to consider the fossils from Maragha and Pikermi as local populations 
of the same species. 

From the Mt 111 length-proximal width scatter of Samos from Pirlot 
we leamed that there was no clear grouping as there is in Pikermi and 
Maragha; this is probably the result of mixing material from different 
localities in old collections. Fig. 24 and 25 present scatters for different 
quarries in Samos excavated by Dr. Bamum Brown and stored in the 
A.M.N.H. In quarry 5 we see a grouping similar to that of Maragha, 
while in quarry 1 and 4 it is more like Pikermi. During a survey in Samos 
to relocate the quarries of Dr. Brown it was found that there was also 
a time stratigraphic difference between the quarries, though the relative 
age could not be traced owing to the fact of tectonical disturbance, and 
our ignorance of Browns quarry numbering. In Samos which is close to the 
Turkish co ast we may perhaps assume that Samos during the Pliocene 
was a part of Turkey while in another period it was connected to Europe 
(Greece) and we have had here two waves of migrations one with animals 
from Europe and the other from Asia. 

The paleogeography of Europe during the Neogene is very complicated 
and difficult to trace back, because of tectonical disturbances during this 
period. We have also had isolated regions, as Crusafont showed several 
times in Spain, endemismes. Neither must we exclude the possibility of 
parallelism in the speciation of Hipparion; so the phylogeny of ,Hipparion 
in the old world is very complicated and can only be solved if we get 
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to know more ofthe paleogeography, stratigraphy and paleoecology of the 
several Hipparion localities and if the Hipparion from those localities are 
studied as being from different local populations. So far we can say that 
there is a considerable variation in Hipparion. For some of the differences 
GROMOVA (1952) has given plausible reasons, but there is still a lot to 
study before we can speak about a clear phylogenetic tree of Hipparion 
in the old world. 

E. NANNIPPUS 

It was seen that the manus of Nannippus did not fit completely in the 
outline given for Hipparion. The genus Nannippus is not well understood. 
Most authors refer all the smaller Hipparion-like creatures to Nannippus. 
STIRTON (1940) traces back the genus Nannippus throughout the whole 
Pliocene and speaks of primitive species where the distal keel is rather faint 
on the anterior face of the facet, but in which there are well-developed 
lateral digits (page 186). However, in all Pliocene species of horses we see 
an anteriorly developed keel on the distal part of the central metapodials 
except in the Anchitherium-like horses (for example Hypohippus). 

Af ter considering the material from Blanco on which the genus was 
based (stored in the American Museum), it becomes clear that this genus is 
so specialized that we must restrict the generic name N annippus to a 
much smaller group. There are small Hipparion-like animals which do not 
belong to the genus Nannippus, for example the species lenticulare, 
which do not have the generic ch~racters. 

MATTHEW (1926) had already noticed most important characteristics 
in describing the subgenus N annippus. These features include: the extreme 
high-crowned teeth; the absence of the fifth metacarpal and trapezium, 
which bones are always present in Hipparion and are also found in 
Pliohippus and Plesippus. 

In the Nannippus material from Blanco we can also observe other 
characters in which it differs from other Pliocene horses in that it shows 
a high specialization always from the typical primitive condition. In this 
specialization it sometimes exceeds Equus calJallus. Among such advanced 
features are: 

1. the angle between the facet for the hamatum and magnum at the 
Mc III is relatively flat. The facet for the unciform is large. 

2. the facet for the cuboid and ento-cuneiform at the Mt III is greatly 
developed in comparison with Hipparion (see Table XVI) and more 
weight was borne by the third metatarsal. In most of the American 
species of Hipparion the facet of the ento-cuneiform is even absent. 
These two characters are very Equus-like. Perhaps the lateral meta­
podials did not retain any function in N annippus1 



70 THE OSTEOLOGY OF THE MANUS OF J'OSSIL AND REOENT EQUIDAE 

TABLE XVI. Ratio . between the facets for euneüorm III and euboid of Mt III 

Index 
width fao. euboid width fao. euneüorm II 100 

--------------~xI00 . X 
width fao. euneüorm III width fao. euneüorm III 

Nannipptul phlegon 

Hipparion molda­
tJicum (aftar GRO­
MOVA. 1952) 

35-39 (3 ex.) 19-20 

21-31,6 (50 ex.) 0--17,4 

TABLE XVII. The width of the distal part of the Me III of the joint and tubercules 

EqV/U8 Nannipptul H. moldatJicum Nannippu8 

cabaUw phlegon (aftar sp. nov. 
GROMOVA. 1952) Chihuahua 

Width distal part 3 ex. 11 ex. 
Me III at the joint 54,0 20,6, 22,2, 23,0 29,0--32,5 19,5 

Width at the tuber-
eules of the Me III 51,5 20,0, 20,4, 22,2 32,0--35,0 18,0 

TABLE XVIII. Index length V scar on length of the phalange 

Merychipptul 
Hipparion 
A8trohippw ansae 
Nannipptul phlegon, Ple8ippu8 
Equw 

V = length of V scar 
P = length of phalange 

V fP varies between 1/4 and 1/3 
VfP varies between 1/3 and 1/2 
VfP equals slightly less than 1/2 
VfP equals 1/2 or slightly more 
VIP equals 2/3 more or less 

aftar CAMP and SMITH 1942 

3. if we consider the distal part of the third metacarpals of N annippus 
we can observe that the width at the joint exceeds the width at the 
tubercules above the latter; this too is an Equus-like characteristic. 
In Hipparion we see just the opposite. (Tabie XVII). 

4. CAMP and SMITH (1942) give some important data for the ligaments 
of Nannippus (p. 82). Nannippus has a flat, straight-edge V Baar 
(with but little differentiation of the centralligamentary scar), small 
proximal prominces, small lateral volar areas, and extensive central 
volar areas of a kind not 0 bserved in other genera! 
Also the length of the oblique ligamentary Baar in relation to the length 
of the phalange is in N annippus nearly equal to that of Equus species. 
The greater length of the V Baar is a progressive characteristic in the 
evolution of the horse (Tabie XVIII). 

5. the mi1k dentition is extremely high-crowned, and typically in the 
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lowers the ectostylid is missing or very little developed (a feature 
characteristic for Hipparion). 

6. in the lower permanent dentition no protostylid is present. Nearly 
always a protostylid occurs in Hipparion. 

7. the antero-posterior length of P2 is relatively small and very of ten 
even shorter than the same measurement in P3. In consequence the 
premolar series (P2-P4) is sometimes shorter than the molar series 
(MI-M3); a rare characteristic among equids. The generic characteristics 
of N annippus are consequently easily distinguishable. It is a very 
distinct and specialized group of Late Pliocene horses which are known 
from fossils of the Blanco formation (MATTHEw, 1926); Chihuahua, 
Mexico (LANOE, 1950); Meade formation, Kansas (HrnBARD, 1956) and 
BREwsTER, Polk county, Florida. 

N annippus is a very distinct group of Late Pliocene horses and is 
usually found associated with a monodactyl horse (Ple8ihippU8, Astro­
hippU8 etc.). The lateral metapodials were reduced and their function was 
probably already lost. 

The limbs and dentition of Nannippus show in some respects greater 
specialization than in EqUU8. 

Nannippus is an end-form of the Hipparion lineage which in some 
respect exceeds in specialiZation EqUU8. 

F. EQuus 

The morphology of the recent horse is weIl known and we shall not go 
into details here. 

There are at the moment still six living species (SIMPSON, 1951): 

EquU8 cahaUU8 cahallU8 

EquU8 cahallU8 prieswalskii 
EqUU8 hemionU8 
EqUU8 asinU8 
EquU8 quaqqa burchelli 
EqUU8 zebra 
EqUU8 grevyi 

EquU8 hemionU8 is a typical steppe-dwelling animal while EqUU8 zebra 
is living in a mountaneous biotope. Of ten . different generic names are 
used such as Hippotigris, AsinU8, HemionU8. 

One of the most striking differences in separating the living Equidae is 
the colour of the fur. GROMOVA (1949) states that it is extremely difficult 
to separate African donkey from the zebra because they have a. big 
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analogy in the teeth, though it is a distinct natural species. As it is already 
difficult to separate the living species of Equ'U8 when we have only bones 
and teeth, we can understand the nomenclatural problems in Hipparion. 
The more so as Hipparion inhabited the palearctic regions for about 
10 million years, whereas Equ'U8 did so for less than two million years. 



VI. P ALEOECOLOGY OF HORSES IN GENERAL AND OF THE 

CHIHUAHUA HORSES IN SPECIAL 

We learned from the recent Equus that it is difficult to trace their 
habitat if we find only their limbs and teeth. Therefore we have to be 
very careful if we want to say something definitive about ecology of the 
fossil species. The differences between the genera are bigger and we may 
make some speculations about them. 

It is clear that M esokippus and A nchitherium were browsers wi th their 
padded feet and chtamalodont teeth. They were never found in big 
quantities like the grazing horses, and if found as a fossil they are usually 
only a small percentage of the total quantity of fossil animais. In the 
Oligocene they are outnumbered by the oreodonts. In the Miocene Anchi­
therium is outnumbered in America by the grazing horses and in Europe 
by artiodactyls like deers and antelopes. The occurrenee of Hypohippus 
with grazing horses shows that they were not in direct eompetition. The 
radiation of horses in the Miocene of North Ameriea may be explained by 
the relative lack of artiodactyls, and onee they entered the more grass 
country biotype they encountered relatively little competition. In the 
same period in Euro-Asia we see a radiation in the artiodactyls. The 
arrival of Anchitherium did not greatly disturb this situation. With 
Hipparion, however, this was different, the whole fauna changed and they 
outnumbered the artiodactyls and were prominent till the end of the 
Pliocene when the bovids start to become more important. With the 
arrival of Hipparion Anckitherium beeame gradually extinct though it was 
shown that they were not in direct eompetition in North America; perhaps 
we ean explain this as follows: by the arrival of Hipparion we get a 
shilling in the fauna and some artiodactyls had to look for exile in the 
forest which finally caused the extinction of Anchitherium. 

The tridactyl Hipparion had an all-round foot and a dentition for 
grass-eating. Though it is difficult to trace their ecology it is in general 
accepted (more hypsodont teeth) that later Hipparion were living in the 
open country (steppe-like). In this area the all-round foot of Hipparion 
was of not much use and with the arrival of Equus it was clear that this 
animal with the springing mechanism was in advantage in the open 
country to the Hipparion which had not such an endurance, and so 
became extinct. 

Perhaps we ean explain the occurrence of the four Chihuahua horses 
as follows: 

Astrokippus stocki was the most common of the four horses and was 
found about twice as mueh as Pliokippus mex'Ïcanus. Neohipparion floresi 
and Nannippus c.f. minor were in the minority. From the small Nannippus 
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only a few bones were present. The four horses had the hypsodont teeth 
in common which do suggest that they all had a grazing habit. The 
presence of four or more different horses in the Pliocene fauna of North 
America is quite common. In the old world, however, only one or two 
species of Hipparion are found. Here we find a great many artiodactyls 
like antelopes and cervidae who outnumbered the genera of perlssodactyls. 
The antelopes are lacking in the American fauna and the antilopicapridae 
could not cover the whole ecological nis which was covered in the old 
world by the antelopes. Perhaps the horses replaced them in North 
America. The comparison SIMPSON (1951) made: that the general form 
of Nannippus probably suggested a small gazelle rather than an ordinary 
horse, will fit in with this supposition when we accept that the convergency 
in the skeleton is also found in the mode of life. N annippus survives even 
in the Pleistocene and shows also in the dentition an extreme specialisation. 

N eohipparion had a functional tridactyl locomotion. That this tridactyl 
horse could survive between the better adapted walkers and springers as 
Pliohippus mexicanus and Astrohippus stockii must have had a reason, 
and suggests that they were having probably different grazing habitats. 

SHOTWELL (1961) explains the occurrence of Hipparion and Pliohippus 
in the same region of the Hemphillian also by their different grassland 
habitats, open grassland and savanna respectively. The movement of 
Pliohippus into the Northern Great Basin, according to Shotwell, seerns 
to coincide with the appearance of extensive grass lands of prairie and 
plains type in the region. In older layers only Hipparion was found. 
In flora and fauna there were more aquatic-loving elements. During time 
here the relative proportions of aquatic and woodland-forest habitats 
would decrease. SHOTWELL (1961) supposes that the dispersalof Hipparion 
was more confined to the savanna and that the foot of Hipparion was 
functional in an area where obstructions were present; the lateral toes 
supplied added traction in dodging manoeuvres. This might be true to a 
certain extent and in special cases. We may add to this, and perhaps 
this was more important in our Chihuahua horses, that the tridactyl 
locomotion profited by soft, sandy or muddy soil in which this type of 
foot did not sink down so far (CAMP and SMITH, 1942). Even more important 
is that the animal could draw out its foot more easily as it could contract 
the three toes. The tridactyl N eohipparion floresi from Chihuahua show 
characteristics which suggest a well-developed muscle interosseous, and 
so it could regulate actively the position of the foot which was more flexed 
in the fetlock joint when the animal was grazing on soft ground. This 
foot type had here the advantage, an automatic springing mechanism 
would have been of no use. Astrohippus stockii and Pliohippus mexicanus 
had both the springing mechanism and covered the open grass country. 
They had a slightly different habitat because of their different size. The 
locomotion does not show essential differences between the two animais. 



REFERENCES 

BADER, R. S., A quantitative study of the Equida.e of the ThomBB farm miocene. 
Bull. of the Mus. of comparative zoology, 115, no. 2, pp. 49-78 (1956). 

CAm, A. J., Geography, ecology and coexistence in relation to the biological definition 
of the species. Evolution, 7 (1) pp. 76-83 (1953). 

CAMP, C. L. and L. N. SHITH, Phylogeny and function of the digitalliga.ments of 
the horse. Mem. Univ. California, 13, no. 2, pp. 69-124 (1942). 

CHUBB, S. H., Notes on the trapezium in the Equidae. Bull. Amer. Mus. Nat. Rist., 
31, pp. 113-115 (1912). 

CRUSAFONT-P AIRO, M., Endenism and Paneuropeism in Spanish fossil ma.mma.Jian 
fauna's, with special regard to the Miocene. Soc. Sci. Fenn., Conm. 
Biol., 18 (1), pp. 3-31 (1958). 

DOWNS, T., The Masca.ll fauna from the Miocene of Oregon. Univ. Ca.lifornia 
Publ. in Geol. Sci., 31, no. 5, pp. 199-354. (1956). 

FOltSTEN, A. M., Revision of the Pa.learctic Hipparion. Acta zool. fenn., 119, 134 
(1968). 

GAZIN, C. L., A study of the fossil horse remains from the upper Pliocene of ldaho. 
Proc. U.S. Natl. Mus., 83, no. 2985, 281-320 (1936). 

GIDLEY, J. W ., A new three-toed horse. Bull. Amer. Mus. Nat. Rist., 19, 465-476 
(1903). 

GROHOVA, V., Le genre Equus. Tr. Pin. Ac. Sc. U.R.S.S. vol. 1 et 2. French transla­
tion in Ann. du Centre d'études et de documentation peléontologiques, 
mai 1955, num. 13 (1949). 

---" Le genre Hipparion. Inst. pa.leontol. Acad. Sci. U.R.S.S. 36, French 
translation in Bur. Rech. Min. GOOI., Ann. du Centre d'études et de 
documentation pa.léontologiques, avril 1955, num. 12 (1952). 

HENSHAW, P. C., A Tertiary mamma.Jian fauna from the San Antonio mountains 
near Tonopah, Nevada. Contributions to paleontology, 5; Carnegie 
Institution of WBBhington, Publication 530, 77-168 (1942). 

HmBARD, C. W., Vertebrate fossils from the Meade formation of southweBtern 
Kansas: Michigan Acad. Sci. Papers, 41, 145-200 (1956). 

KORENHOJ', C. A. W., Morphogenetical a.spects of the human upper molar. (Thesis­
Utrecht), 368 (1960). 

KOVALEWSKY, W., Sur l'Anchitherium aurelianense Cuv., et sur l'histoire pa.léonto­
logique des chevaux. Mém. Imp. Acad. Sci. St. Petersburg, XX, no. 5, 
1-73 (1873). 

LANCE, J. F., Pa.leontologia y estratigra.fia del Plioceno de Yepmora, estado Chihua­
hua. la pa.rte: EquidOB, exepto Neohipparion. Univ. Nac. autonoma 
Mexico Inst. Geol., 54, 1-81 (1950). 

MATTlIEw, W. D., The evolution of the horse. A record and its interpretation. 
Quart. Rev. Biol., 1 (2), 139-185 (1926). 

----, N ew fossil mammaJs from the snake creek quarries. American Museum 
Novitates no. 540, 1-8 (1932). 

PmLOT, P. L., Les formes européennes du genre Hipparion. Mem. y com. de Inst. 
geel. deput. provo Barcelona, 14, 1-122 (1956). 

ROBB, R. C., A study of mutations m: evolution. IIT The evolution of the equine foot. 
J. of genetics, 33, 267-273 (1936). 

SHOTWELL, J. A., Late Tertiary biogeography of horses in the northern Grea.t BBBin. 
J. of pa.leontology, 35, no. 1, 203-217 (1961). 

SDIPSON, G. G., Miocene landma.mmaJs from Florida. Bull. Florida State geological 
survey, no. 10, 11-41 (1932). 



76 THE OSTEOLOGY Ol' THE HANUS OF I'OSSIL AND RECENT EQUIDAE 

SDlPSON, G. G., Horses. New Vork, reprinted 1961, 247 (1951). 
---, The species concept. Evolution, 5 (4), 285--298 (1951b). 
----, The major features of evolution. New Vork, 433, (1953). 
SONDAAR, P. Y., Les Hipparion d'Aragon méridionaI. Estudios geologicOB, 17, 

209-305 (1962). 
STEININGER, F., "Ober die stratigraphische Verwentbarkeit von Anchitherium 

aurelia.nense im Jungtertië,r Österreichs. N. Jb. gooI. paloont. Abh. Bd 
116, no. 2 (1963). 

STIRTON, R. A., Phylogeny of N.A. Equidae. Univ. Calif. PubI., Bull. Dept. GeoI., 
25 (4), 165--195 (1940). 

----" Two new species of the Equid genus N eohipparion from the middle 
Pliocene, Chihuahua, Mexico. Journa.l of paloontology, 29, no. 5, 886-902 
(1955). 

TOBIEN, H., "Ober die Funktion der Seitenzehen tridactyler Equiden. Neues Jb. 
gaal. paloont. Abh. 96, 137-172 (1952). 

----, Hipparion.Funde aus dem Jungtertiär des Höwenegg (Hegau). Aus der 
Heimat, 67 (4), 121-132 (1959). 

WEHRLI, H., Anchitherium aurelianense Cuv. von Steinheim. a. Albuch und Beine 
Stellung im Rahmen der übrigen anchitherinen Pferde. (Die tertiären 
Wirbeltiere des Steinheimer Beckens. Teil VII). Palaeontographica 
suppI..Bd., 8, 56 (1938). 

WHITE, T. E., The lower Miocene mammal fauna of Florida. Bull. Mus. Comp. 
ZooL, 92, 1-49 (1942). 



PLATES I-V 



< 



c 

;'~ 

o 

1 

2 

I 

4cm 

Navicular 
A. proximal view 
B. distal view 
C. lateral view 
triqttetrum 
D. medial view 

3 .. 
1. Neohipparion Ifo1"e8i 
2. Nannippus c.f. minor 
3. ABtrohippus Btocki 
4. PliohippUB mexicanuB 



PLATE II 

A 

1 2 3 ... 

B 

1 2 3 ... 

A. Hamatum 1. Nannippus c.r. minor 
distal view 2. N eohipparion ff,ore8i 

3. Aatrohippus Btockii 
4. Plwhippus ~nus 

B. Me V 1. Neohipparion floresi 
B. Tropewideum 2. N eohipparion floresi 

lateral view 3. AatrohipptUI 8tockii 
4. PLWhipptUI mexicanus 



c 

1 2 3 4 5 

o 

1 2 3 

4cm 

C. Trapezoideum 4. A8trohippuB 8tockii 
distal view 5. PliohippuB mexicanus 

C. Trapezium or Me V I, 2, 3. PliohippuB mexicanus 

D. Lunatum 1. Nwhipparion floresi 
distal view 2. A8trohippuB 8tockii 

3. PliohippuB mezicanus 



< 



c 

2 

D 

1 3 4 

Magnum 

4cm A. proximal view 1. Neohipparion floresi 
B. distal view 2. Nannippua c.f. minor 
C. medial view 3. Asfrohippua stockii 
D. lateral view 4. Pliohippua me.'t:icanua 





c 

o 

a b 
1 

4cm A. Me 111 
B. Me 111 
c. a. Me 11 

b. Me IV 
D. a. Me 11 

b. Me IV 

a 
2 

MetacarpU8 

proximal view 

volar view 

proximal view 

b 

showing artieulation racets with Me 111 

a b 
3 

1. N eohipparion floresi 
2. A8trohippus 8tockii 
3. Pliohippus mexicanU8 



PLATE V 

, 

1a 1b 1c 2a 2b 2c 

4cm 

Third metacarpal a. Pliohippus mexicanus 
1. dorsal view b. Anchitherium aurelianense 
2. lat.eral view c. Neohipparion floresi 


	00001_Sondaar, P.Y._1208.pdf
	00001_Sondaar, P.Y._1208.pdf
	00002_Sondaar, P.Y._1208.pdf
	00003_Sondaar, P.Y._1208.pdf
	00004_Sondaar, P.Y._1208.pdf
	00005_Sondaar, P.Y._1208.pdf
	00006_Sondaar, P.Y._1208.pdf
	00007_Sondaar, P.Y._1208.pdf
	00008_Sondaar, P.Y._1208.pdf
	00009_Sondaar, P.Y._1208.pdf
	00010_Sondaar, P.Y._1208.pdf
	00011_Sondaar, P.Y._1208.pdf
	00012_Sondaar, P.Y._1208.pdf
	00013_Sondaar, P.Y._1208.pdf
	00014_Sondaar, P.Y._1208.pdf
	00015_Sondaar, P.Y._1208.pdf
	00016_Sondaar, P.Y._1208.pdf
	00017_Sondaar, P.Y._1208.pdf
	00018_Sondaar, P.Y._1208.pdf
	00019_Sondaar, P.Y._1208.pdf
	00020_Sondaar, P.Y._1208.pdf
	00021_Sondaar, P.Y._1208.pdf
	00022_Sondaar, P.Y._1208.pdf
	00023_Sondaar, P.Y._1208.pdf
	00024_Sondaar, P.Y._1208.pdf
	00025_Sondaar, P.Y._1208.pdf
	00026_Sondaar, P.Y._1208.pdf
	00027_Sondaar, P.Y._1208.pdf
	00028_Sondaar, P.Y._1208.pdf
	00029_Sondaar, P.Y._1208.pdf
	00030_Sondaar, P.Y._1208.pdf
	00031_Sondaar, P.Y._1208.pdf
	00032_Sondaar, P.Y._1208.pdf
	00033_Sondaar, P.Y._1208.pdf
	00034_Sondaar, P.Y._1208.pdf
	00035_Sondaar, P.Y._1208.pdf
	00036_Sondaar, P.Y._1208.pdf
	00037_Sondaar, P.Y._1208.pdf
	00038_Sondaar, P.Y._1208.pdf
	00039_Sondaar, P.Y._1208.pdf
	00040_Sondaar, P.Y._1208.pdf
	00041_Sondaar, P.Y._1208.pdf
	00042_Sondaar, P.Y._1208.pdf
	00043_Sondaar, P.Y._1208.pdf
	00044_Sondaar, P.Y._1208.pdf
	00045_Sondaar, P.Y._1208.pdf
	00046_Sondaar, P.Y._1208.pdf
	00047_Sondaar, P.Y._1208.pdf
	00048_Sondaar, P.Y._1208.pdf
	00049_Sondaar, P.Y._1208.pdf
	00050_Sondaar, P.Y._1208.pdf
	00051_Sondaar, P.Y._1208.pdf
	00052_Sondaar, P.Y._1208.pdf
	00053_Sondaar, P.Y._1208.pdf
	00054_Sondaar, P.Y._1208.pdf
	00055_Sondaar, P.Y._1208.pdf
	00056_Sondaar, P.Y._1208.pdf
	00057_Sondaar, P.Y._1208.pdf
	00058_Sondaar, P.Y._1208.pdf
	00059_Sondaar, P.Y._1208.pdf
	00060_Sondaar, P.Y._1208.pdf
	00061_Sondaar, P.Y._1208.pdf
	00062_Sondaar, P.Y._1208.pdf
	00063_Sondaar, P.Y._1208.pdf
	00064_Sondaar, P.Y._1208.pdf
	00065_Sondaar, P.Y._1208.pdf
	00066_Sondaar, P.Y._1208.pdf
	00067_Sondaar, P.Y._1208.pdf
	00068_Sondaar, P.Y._1208.pdf
	00069_Sondaar, P.Y._1208.pdf
	00070_Sondaar, P.Y._1208.pdf
	00071_Sondaar, P.Y._1208.pdf
	00072_Sondaar, P.Y._1208.pdf
	00073_Sondaar, P.Y._1208.pdf
	00074_Sondaar, P.Y._1208.pdf
	00075_Sondaar, P.Y._1208.pdf
	00076_Sondaar, P.Y._1208.pdf
	00076_Sondaar, P.Y._Fa_1208.pdf
	00076_Sondaar, P.Y._Fb_1208.pdf
	00076_Sondaar, P.Y._Fc_1208.pdf
	00076_Sondaar, P.Y._Fd_1208.pdf
	00076_Sondaar, P.Y._Fe_1208.pdf
	00076_Sondaar, P.Y._Ff_1208.pdf
	00076_Sondaar, P.Y._Fg_1208.pdf
	00076_Sondaar, P.Y._Fh_1208.pdf
	00076_Sondaar, P.Y._Fi_1208.pdf
	00076_Sondaar, P.Y._Fj_1208.pdf


