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In re a l i ty, the history of horses
resembles a bush with many
b ra n ches more cl o s e ly than a
s t raight line. E a ch bra n ch on the
bush re p resents an ev o l u t i on a ry
e x p e ri m e n t , as family members
adapted--or tried to adapt--to

changing env i ronmental con d i t i on s .
U n f o rt u n a t e ly the result of

most of these experiments was
e x t i n c t i on , so that today we have
on ly one successful surv i v i n g
b ra n ch re p resented by one genus
and (depending on your expert )
six species.

B e cause of the abundance of
horse fossils, p a l e ontologists have
been able to document many
t rends and changes in horses
t h roughout their ev o l u t i on a ry 
h i s t o ry. Changes in the teeth and
the skull reflect changes in diet as
s ome members of the family 
s h i fted from forest-living brow s e r s
to open-grassland gra ze r s .

Related to this shift from cl o s e d
to open country were modifica t i on s
of the limbs and the animal’s 
l o c om o t i on , as they became better
ru n n e r s . This has included either
a re d u c t i on (fibula) or fusion
( radius and ulna) of some bones of
the legs and a decrease in the 
number toes, f rom the original five
in the pre-horse ancestor to ultimately
the mon o d a c tyl , or "single digit"
h o r s e, of today.(See Fi g u re 4.) 

Another trend has been a 
g e n e ral increase in body size,
although in re a l i ty some family
b ra n ch e s s t ayed small ; o t h e r s
d e c reased in size after becom i n g
l a r g e r; and some fossil horses are
larger than any of the living s p e c i e s .

A ll of these trends have been
discussed at length in the 
l i t e ra t u re and it is re c om m e n d e d
that the interested individual re a d
B ruce MacFa d d e n’s Fossil Ho r s e s :
S y s te m a t i c s , Pa l e o b i o l o gy, a n d
E volution of the Family Equidae,
w h i ch provides exc e llent cove ra g e
of the fossil history of horses.

For the purposes of prov i d i n g
an histori cal perspective of EN S
f rom the fossil re c o rd , two sig-
n i fi cant trends should be d i s c u s s e d
in more detail: that of the incre a s e
in size and that of the re d u c t i on o f
the number of digits to on e .

Whether we re fer to size as
ove ra ll dimension s ,body weight or
body mass, b i om e ch a n i ca lly, t h e
result is the same: an ove ra ll incre a s e
in weight creates more stress on the
feet when they come into con t a c t
with the gro u n d ,e s p e c i a lly duri n g
times of extreme activity such as
running or jumping.

In animals with multiple 
d i g i t s , this stress is distributed so
that no single digit re c e i ves the full
impact of the activity.

H ow eve r,with a decrease in the
number of digits, the forc e
b e c omes more focused into a
s m a ller are a , so that the bon e s , l i g-
a m e n t s ,t e n d ons and mu s cles need
to be more effe c t i ve in absorb i n g
and transmitting these forces with-
out becoming damaged.
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of the better-documented stories provided by the fossil re c o rd . While this story has
o ften been port rayed in the popular litera t u re as a straight line spanning 55 mill i on

years from the earliest re c o g n i zed horse, Hyrac o t h eri u m, to its living descendent, E q u u s, w e
now know that the true story is much more complicated.

Equine Navicular Syndrome in the Fossil Record

by Mary E. Thompson, Greg McDonald and L. C. Østblom 

N A T U R A L H I S T O R Y

I N T R O D U C T I O N

Equine navicular syn d rome (ENS) is a ch ronic and
i n c u rable lameness of the horse’s foot resulting in the
d e t e ri o ra t i on of navicular bone (distal sesamoid)
t i s s u e . Horses predisposed to the syn d rome are those
used for strenuous work or athletic com p e t i t i ons (bar-
rel ra c i n g, j u m p i n g, c u t t i n g, e t c . ) . ENS occurs more
f re q u e n t ly in quarter horses, t h o ro u g h b re d s , a n d
E u ropean warmbloods than other breeds (Roon ey,
1 9 9 8 ) . (See Fi g u res 1 and 2.)

The pathology of this con d i t i on is poorly under-
stood but appears to be the result of mech a n i cal stre s s
reducing the blood flow to the navicular bon e .
Typ i ca lly, this re d u c t i on in blood flow increases the
rate of bone absorp t i on and decreases the rate of bon e
re p l a c e m e n t , p roducing a distinctive internal lesion
visible in ra d i o g ra ph s . (See Fi g u re 3.) 

In domestic bre e d s , the increased mech a n i cal stre s s
is often believed to be caused by man’s interve n t i on ,
either by increased usage or by improper bre e d i n g
p ractices (i.e. larger body size and re l a t i ve ly small e r
fe e t ) .I n t e re s t i n g ly,ENS appears to be absent in wild
horse species (Ra m ey, 1 9 9 7 ) .

In order to examine the re l a t i onship between man’s
i n c reased usage of domestic breeds in strenuous work
and the incidence of EN S, we examined the navicular
b ones of large samples of fossil species of E q u u s.
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Figure 1.  A. posterior-

anterior view of lower leg

and foot; and B. lateral

view of an equine foot

showing the position of the

navicular bone between

tendon and joint.

Figure 1c (BELO W )

Radiation of the horse

f a m i l y. Early ancestors had

three toes and ate leaves

from trees; later forms

grazed off the ground.

Horse foot anatomical

changes are key to

understanding horse
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The inherent pro p e rties of
b one and soft tissues cannot be
ch a n g e d , so these pro p e rt i e s
b e c ome limiting factors to the 
a n i m a l’s ca p a b i l i t i e s .

M a ny of the ev o l u t i on a ry 
a d a p t a t i ons we see in horses and
other animals are com p rom i s e s
b e tween what is re q u i red of the
animal for survival and what its
body will perm i t .

Fo rt u n a t e ly for paleon t o l o g i s t s ,
the shape, p ro p o rt i ons and 
s t ru c t u re of bones reflect these
c om p rom i s e s . B ones can eve n
p rovide clues to some soft tissue
s u ch as tendon s , ligaments and
mu s cl e s , since where they
a t t a ched to the bone often 
p roduces a roughened area or sca r
at the point of attach m e n t .

This combined inform a t i on
can tell us mu ch about the habits
of extinct species and all ow som e
re a s onable infe rences about the

l i fe s tyles of the dead and buri e d .
While it is a simple matter to

put a living animal on the scale and
d e t e rmine its body weight, o u r
limited source of inform a t i on in
the fossil re c o rd — u s u a lly on ly the
b ones and teeth—presents 
p a l e ontologists with a ch a ll e n g e
to come up with the same 
i n f o rm a t i on for extinct species.

The body mass of an animal is
cl o s e ly correlated with many 
other body functions such as
metabolism and phys i o l o gy,
e c o l o g i cal ch a ra c t e ristics such as
d i e t , p o p u l a t i on density, a n d
h om e - range size, to provide a few
e x a m p l e s .

It has been said that body size
is the single most useful pre d i c t o r
of a species’ a d a p t a t i on s . B e ca u s e
of this close con n e c t i on ,d e t e rm i-
n a t i on of body mass in extinct ani-
mals is an area of great interest to
p a l e on t o l o g i s t s . It provides an 
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Figure 2.  Examples of

breeds of horses that

are predisposed to

equine navicular

syndrome and types of

activities that increase

navicular stress.  

A. American quarter

horse, cutting; 

B. Thoroughbred,

jumping; 

C. Caudal-cranial view

of horse front

legindicating increased

navicular stress.

o p p o rt u n i ty to make re a s onable infe rences about
n u m e rous aspects of the ecology and habits of extinct
s p e c i e s .

C a l c u l a t i on of the body mass also permits a more
re a s onable extra p o l a t i on of the forces generated 
d u ring locom o t i on and the amount of stress the bon e s
must withstand.

The pre d i c t i on of body size is simple in pri n c i p l e .
Take measurements of bones or teeth or living 
animals of known body weight and then calculate a
m a t h e m a t i cal re l a t i onship between that dimension
and the body weight.

Once this mathematical re l a t i onship is know n , yo u
can take the same measurement from a fossil bon e,
plug it into the formula and calculate the fossil 
a n i m a l’s weight. In practice it is not so simple, s i n c e
not all measurements one might take on a fossil bon e
a re cl o s e ly related to the weight of the animal.

In any study, a large sample of modern animals of
k n own body weight is needed, and numerous 
m e a s u rements must be taken, b e f o re the right on e s
a re found. H ow eve r, once the best and most accura t e
t e chnique for predicting the body weight has been
f o u n d , and tested on living species, one can pro c e e d
with some degree of cert a i n ty that the calculated body
weight for the fossil animal is re a s on a b ly accura t e .

Just as in modern animals where each individual
w i ll vary within the range of the species, this is tru e
for fossil animals as well , so often an ave rage or 
g e n e ral weight for the extinct species is pro d u c e d
based on measurements of a number of fossil 
s p e c i m e n s . While this is a genera l i za t i on , it at least
a ll ows us to com p a re the re l a t i ve weight of diffe re n t
species of animals through times, as in Fi g u re 5.

The basic pattern of the mammalian hand and foot
is to have five digits, but the number of digits has been
reduced in many gro u p s , u s u a lly by the loss of the
thumb and big toe.

While it is often thought that the earliest horse,
Hyrac o t h eri u m, (better known as E oh i p p us) still had
fi ve digits in the front and hind fe e t , this is not the

ca s e :t h ey were already reduced to four digits in the
f ront and three in the hind.

An important com p onent of the arrangement of
the bones of the hand and foot is that the axis of the
foot passes through the middle of the third digit so
that it provides the pri m a ry support for the weight of
the animal.This is also true for re l a t i ves of the horse,
( i . e . , tapirs and rhinos) which still have three digits.

In all these animals it is the middle or third digit
that is the largest, thus reflecting its pri m a ry role in
s u p p o rting the animal.

Hyrac o t h eri u m had already lost the “ t h u m b” of the
hand (or foot) but in later forms the fifth toe was lost
as well ,p roducing the well - k n own "three toed horses".

Most fossil horses are three-toed and, in most
s p e c i e s , a ll of the toes were function a l , as 
d e m on s t rated by many fossil horse tra cks in which all
t h ree toes left impre s s i on s .E ve n t u a lly in som e — b u t
c e rt a i n ly not all — h o r s e s , digits two and four beca m e
reduced (resulting in the splint bones hidden in the
skin next to the ca n n on bone) so that the entire weight
of the animal was eve n t u a lly borne by the single 
m i d dle third digit (known as “P 3 ” , or third ph a l a n x .

We suspect that it was on ly after horses ach i eve d
f u lly functional mon o d a c tyly that we should start 
seeing evidence of ENS in the fossil re c o rd . H ow eve r
the other factor that we are looking at, body size, m ay
also have played a major ro l e .

T h e re may be a cri t i cal threshold in size at which
the forces generated by the animal exceed the 
i n h e rent pro p e rties of strength and resilience in bon e s ,
ligaments and tendons seen in the mech a n i cal 
a r rangement in modern horses.

Our project is to examine the navicular bone in
these earlier horse species to try and determine the
e a rliest appearance of EN S. Our pre l i m i n a ry 
studies have provided us with a basis of what to look
for in order to test this model.

To date we have examined extinct species of E q u u s
f rom the Pliocene (Hagerm a n , Idaho) and Pl e i s t o c e n e
( Ra n cho La Bre a ,C a l i f o rn i a ; Am e ri can Fa ll s ,I d a h o ;
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and San Josecito Cave,Nu evo Le on , Mexico) eras by 
ra d i o g ra phy.

Lo llipop lesion s , ch a ra c t e ristic of the syn d rom e,
w e re identified on the ra d i o g ra phs of the large
Pleistocene species, Equus occidenta l i s , f rom the tar
pits at Ra n cho La Brea (21 percent) and to a lesser
d e g ree on the smaller Pliocene species, Equus simpli-
c i d e n s (6 percent) (Flint et al., 2 0 0 1 a ) .

This suggests that increased usage by man may not
be the sole cause of the syn d rome and that body size
and the resulting forces placed on the navicular bon e
m ay be a cri t i cal factor.

As part of our study, we examined the effect of
body weight as a possible factor that causes the syn-
d rom e .To test this idea we examined diffe rent size d
species of fossil E q u u s ranging from a small species
of Pleistocene horse, Equus conver s i d e n s, f rom Mexico

with an estimated body weight of 318 kg (700 pounds)
to the largest fossil species, E . o c c i d e n ta l i s,
estimated at 519 kg (1142 pounds).

The earliest known species of E q u u s is E .s i m p l i c i d e n s
with an estimated body weight of 425 kg (935
p o u n d s ) . Another com m on Pleistocene species is
Equus scotti with an estimated body weight of 442 kg
(972 pounds).

Materials and Methods

A ll of the fossil samples so far examined are from
sites that have produced large numbers of individuals
of horses.This has not on ly increased our chances of
l o cating specimen that might show the disease but
also all ows us to look at the incidence and fre q u e n cy
of ENS in a population rather than documenting on ly
isolated cases of the disease.
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Figure 3. The navicular

bone  and radiograph

in modern and fossil

species of Equus. 

A.  Equus occidentalis,

La Brea Tar Pits;

B. Equus scotti,

American Falls; 

C. Equus simplicidens,

Hagerman; 

D. Equus conversidens,

San Josecito Cave;

E.  Equus caballus,

modern horse.

A

B

C

D

E
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A ll samples of navicular bones were ra d i o g ra ph e d
using a Pi cker Single Phase x-ray machine and Kodak
Ra re Earth screens and film (high speed,high detail).
(See Fi g u re 6.) Multiple specimen can be placed on a
sheet of film and this appro a ch produced images with
e xc e llent detail. The ra d i o g ra phs were evaluated for
a p p e a rance of lollipop lesions and for any other 
o s t e o lytic changes (i.e. s p u r s ) .

This project has taken place in two phases and
results from the latest study--our examination of E q u u s
c o n ver s i d e n s, a small-bodied horse with estimated
weight of 318 kg from the San Josecito Cave
( Pl e i s t o c e n e,M e x i c o ) - - w e re com p a red to ra d i o g ra ph s
f rom the previous study (Flint et. a l . ,2 0 0 1 ) .

C o n c l u s i o n s

Ra d i o g ra phic changes (lollipop lesions) of the 
navicular associated with equine navicular syn d rom e
in extant horses are demon s t rated in both Pl i o c e n e
and Pleistocene species of E q u u s. T h e re is no 
s i g n i fi cant diffe rence in incidence of lesions amon g
the Pleistocene horses (large vs .s m a ll bodied) but the
l e s i ons present in the San Josecito Cave material are
re l a t i ve ly smaller than in the other species.

Le s i on size of the San Josecito Cave material are
c om p a rable to the Hagerman materi a l , (also a 

re l a t i ve ly small-bodied form) which may indicate the
d e g ree of the syn d rom e . If so, these horses may have
d i s p l ayed fewer sym p t oms and had less pain than the
larger La Brea and Am e ri can Fa lls horses indica t i n g
that the re l a t i ve incidence of the disease is related to
body size .

The results of this study stron g ly suggest that man’s
i n t e rve n t i on (whether by increased usage or impro p e r
b reeding practices) may not be the sole cause of the
s yn d rom e .

Our results are pre l i m i n a ry and more work needs
to be don e . At present we have focused on on ly a few
extinct species of E q u u s, and we would like to expand
the sample to more species of diffe rent sizes that live d
in diffe rent env i ron m e n t s .

E q u u s is not the on ly one-toed horse; e a rlier small e r
g e n e ra such as P l i oh i p p u s and D i n oh i p p u s had alre a d y
b e c ome one-toed and it would be instru c t i ve to look
at samples of these animals to see if ENS was alre a d y
p re s e n t . This would permit us to ch e ck our 
hypothesis re g a rding the re l a t i onship of body weight
and mon o d a c tyly as factors.

In addition to dispersing into the Old Wo rl d ,
horses also entered South Am e ri ca and are re p re s e n t e d
by an extinct genus known as Hi p p i d i o n,w h i ch is also
on e - t o e d . The build and pro p o rt i ons of Hi p p i d i o n i s
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Figure 4. Changes in

the front hand of

horses through time.  

Modified from Camp

and Smith (1942).
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Figure 5.  Chart

showing the

distribution of

calculated body weight

of different species of

fossil horse through

time.  They have been

divided into horses with

f o u r, three or one digit

in the hand in order to

show the size

distribution in each of

these groups.  Modified

from MacFa d d e n

(1986) with added data

from MacFadden and

Hulbert (1990) and

modern species added.

Figure 6.   Ra d i o g r a p h s

of the navicular bones

of extinct horses using

high-speed, high-detail

screens and film.
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H O R S E B O DY W E I G H T T H R O U G H T I M E

Age in Millions of Ye a r s
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s h o rter and stockier than E q u u s, e s p e c i a lly in the 
ca n n on bon e . It would be most inform a t i ve to see if ENS was also
p resent in this lineage of horses.

Our pre l i m i n a ry results have been most inform a t i ve but more
w o rk is needed to document the origin and distri b u t i on of EN S
t h roughout the course of horse ev o l u t i on .
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