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Marsh's illustration of the orthogenetic sequence for horses (Figure 3.6) has been reproduced (sometimes
exactly as it was published in 1879, sometimes in modified form) countless times in books dealing with
paleontology, evolution, and natural history, and even today it is seen in college-level textbooks in geology and
zoology (Figure 3.14). I agree with Gould (1987:20), who wonders "what the textbook tradition of endless and
thoughtless copying has done to retard the spread of original ideas." Probably more than any other single figure
depicting a fossil group, Marsh's illustration of the "Genealogy of the Horse" has for over a century greatly
influenced scientific thought related to evolution. Page 39

This stems from the fact that fossil horses are abundant, and they provide one of the best examples of a group
that has a well-preserved fossil record as well as extant forms. Furthermore, this figure, which cannot be faulted
for its interpretation of what was known over a century ago, has done much to delay the progress of science and
obscure new evolutionary ideas that have been developed since then. In particular, orthogenesis, fossil horses,
and even gradual evolution have been intimately associated since those ideas were presented in the late
nineteenth century. Page 40

This is despite the fact that many paleontologists since that time, particularly those working on fossil horses,
have realized that the story is much more complex. In addition to horses, the orthogenetic dogma has spread to
other groups, whether it be vertebrate brain evolution (Figure 3.15), titanotheres (Figure 3.16), or the
anthropocentric progression of human evolution. The orthogenetic template also has influenced millions of lay
people, many of whom visit natural-history museums with turn-of-the-century exhibits that convey 100-year-old
ideas. The late nineteenth century was an important formative period in the development of thinking about
paleontology and evolution. As is still the case today, the curators at natural-history museums were responsible
for the scientific content of their institutions' exhibits. Thus, at the Mu-see d'Histoire Naturelle in Paris, for
example, the exhibits that still can be seen today were influenced by nineteenth-century curators such as the
paleontologist Gaudry. Page 43

Buffetaut (1987:142) noted that "Gaudry's museological conception was a direct reflection of his philosophical
ideas on evolution: the vast, undivided palaeontology gallery was to give the visitor a vivid impression of the
progress of life through geological time." Page 44

Despite the fact that paleontologists know that it is incorrect, the linkage among horses, orthogenesis, and
progress still re-mains a pervasive, dominant theme in many exhibits in natural-history museums today (Figure
3.17). In addition, the combination of orthogenesis and progress is also found in many of the simplified
phylogenies and evolutionary histories depicted for other taxonomic groups, and that further contributes to a
pervasive pattern of orthogenesis. Some museums have begun major renovations in their exhibits so that they
will no longer emphasize orthogenesis, but many decades will pass before this pattern fades from the public's
view. Given the manner in which information on science is conveyed to the public, the lingering strong
association between evolution and orthogenesis as interpreted from the fossil record is not surprising. Page 44

This is exemplified by a newspaper column on horse evolution written by a geology Ph.D. (Figure 3.18). As
somewhat amusingly described by Gould (1989b), orthogenesis has also impacted other aspects of our society,
including commercial advertisements and professional sports columns (Figure 3.19).

If we know that orthogenesis is a concept fraught with problems, then why is it still so pervasive in science
writing? I believe that the root of the problem is the quest for simplicity. Scientists are continually confronted
with the problem of conveying complex data and interpretations in an intelligible way to their col-leagues, to
other specialists, and often to the public. In many cases the best way to do this seems to be to distill the essence
of the research to a simplified form. Although the original re-searchers have always been keenly aware of the
complexity of horse phylogeny (e.g., Simpson 1951) since the early part of this century, much has been lost in
subsequent reproductions in textbooks and other scientific syntheses (see caption for Figure 3.13). Therefore,
even today orthogenesis goes hand in hand with simplification because together they provide such an elegant
interpretation of the almost impossibly complex evolution of the Equidae. Page 47

In summary, a potential consequence of simplifying research findings so that they can be more easily
communicated to others is that it often retards the progress of science. It is appropriate to end this discussion
with a quotation from the prominent British philosopher Alfred North Whitehead (1957:163):
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"The aim of science is to seek the simplest explanations of complex facts. We are apt to fall into the error of
thinking that the facts are simple, because simplicity is the goal of our quest. The guiding motto in the life of
every natural philosopher should be, Seek simplicity and distrust it." Page 47

Since the turn of the century, most of the foremost paleontologists involved in original research on fossil horses
(e.g., Mat-thew, Stirton, and Simpson) have recognized that the gradual, progressive trends depicted for fossil
Equidae are at best over-simplifications to illustrate general evolutionary patterns. The problem in the
interpretation of these occurs when other scientists and the lay public, themselves far removed from the original
data, seize the simplified essence of these general pat-terns, and consequently many of the details get lost in this
process (see Chapter 3). Page 216
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Ironically, paleontologists have long realized that this simple "ladder of horse evolution" is a misrepresentation.
The discovery of more and more fossil horses has made it clear that their evolution has many complications and
side branches, just like rhinos and camels and most other mammals. The simple linear picture was both easy to
understand and illustrate, and also fit the nineteenth century idea that life proceeded by a "ladder of evolution."
However, it is becoming more and more apparent that life is not a ladder, but a bush (Fig. 10.1), with many side
branches that are constantly pruned back by extinction. Of those many branches, one may succeed and give rise
to the next major branching event, which is again pruned by extinction. So too with the horses. Page 200

Early in this century, it became obvious that there were many different genera of horses in the Miocene. Recent
work on Miocene horses (discussed later in this chapter) has shown that there were many different genera living
at the same time, and in some quarries as many as twelve different species found together. This is also true of
horses in the Oligocene, as we shall outline below. In fact, there are even multiple species of horses in the
Eocene, although they are usually placed in the same genus. Thus, the bushy pattern prevails throughout horse
evolution. The "ladder of evolution" presented in most books is just a selection of a few of the many branches
on the bush that happen to be well known. However, it gives a mistaken impression about horse evolution,
which is neither that simple and linear, nor inevitably leading to one terminal lineage. If conditions had been
different perhaps a three-toed browsing horse would be alive today instead of Equus. Page 200

While these details of horse evolution got more complicated, the story of Eocene horses was also changing. As
more and more specimens were found and described, there were dozens of names for various specimens that
were slightly different from the rest. This type of taxonomic variations seen in living populations were part of
the same interbreeding species. In 1932 Sir Clive Forster Cooper of the British Museum compared European
Hyracotherium with American Eohippus, and decided that they could not be objectively distinguished. By the
rules of zoological names the first name proposed is the correct one, so Cope's 1873 name Eohippus became an
invalid junior synonym of Owen's 1841 name. Unfortunately, the name "Eohippus" had become entrenched in
the popular books on horse evolution so people are still using it today, even though it is incorrect and should be
abandoned. George Gaylord Simpson suggested using it informally, as "eohippus," with-out the capital and
italics to show it is not a valid zoological name. Page 200

Ironically, just as both paleontologists and popular books have accepted Hyracotherium, the names may be
changing again. In 1989 Jeremy Hooker of the British Museum was studying Hyracotherium specimens from
the Eocene of Europe. Although they are practically indistinguishable in most features, to the trained eye it is
possible to recognize several species. Page 201

Hyracotherium has become a taxonomic "wastebasket" for any primitive early Eocene perissodactyl, including
some which are closer to palaeotheres, or even to tapirs, rhinos, and titanotheres. If Hooker is correct, and true
Hyracotherium is properly a palaeothere, then what happens to the North American early Eocene forms (which
are unquestionably horses)? It would be nice to revive the name Eohippus, but it appears that the specimen that
first bore that name isn't a horse either. According to several people who have looked at it, it is probably a
primitive brontothere or possibly a chalicothere. Page 202
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Although the formal decision has not yet been worked out, some other name (perhaps Protorohippus, coined by
Jacob Wortman in 1896) may be the first valid name applied to the horse of the American early Eocene. This
may cause a lot of paleontologists and textbook writers headaches, but those are the rules! Page 202

What sort of animal was Hyracotherium (or Protorohippus, or whatever the correct name for the North
American horse)? In most features, it was much like many other primitive mammals of the Paleocene and
Eocene. If it were alive today few nonscientists would have guessed its relationship to horses. Owen certainly
didn't when he saw the first fossils! It probably reached 10-20 inches (25-50 cm) at the shoulder, about the size
of a beagle or terrier dog, and half the size of a Shetland pony (Fig. 10.7). It had a long, flexible back and a long
bony tail, unlike the straight backbone and short bony tail (which appears long due to the tail whisk) of Equus.
With its high hindquarters it looked very rabbit-like, and probably ran much like a rabbit. It had much shorter
limbs than any later horse, with much longer segments near the body (the upper arm and leg). Instead of the
long finger and toe bones found in Equus, it had relatively short toes and many more of them: four on the front
foot, three on the hind foot. Also, it had a dog-like pad on the foot, which allowed it to run with the whole foot
as a ward. Page 202

It had no distinct muzzle, nor any gap between the front teeth and grinding teeth where we could put the bit of
the bridle. Instead it had canine teeth of significant relative size, like most primitive mammals. In studying large
population samples Philip Gingerich found that the canine teeth varied in size. The ones with larger canine teeth
appeared to be males, and the smaller canines are found on the smaller females. In fact, the shape of the head is
even different between males and females. The presumed males have a larger skull with a much more domed
forehead compared to the females, which have a flat profile. Gingerich points out that this sort of difference in
size and structure of the sexes is correlated with ecological differences. Eocene horses probably had a single
male protecting a herd of females (as do modem horses, and most deer). According to Gingerich, the vegetation
of the early Eocene was not a thick continuous forest as in the Paleocene, but a more open parkland. This kind
of environment is typical of those inhabited by many of the smaller deer and antelope that live in herds with one
dominant male. Horses seemed to have replaced the archaic ungulate Ectocion, which lived in great abundance
during the more densely forested Paleocene. Early in their history they began to evolve away from primitive
ungulates by having a different social structure, as well as a better running ability, correlated with the change in
the environment. Page 202

If this animal appeared more like a dog or a rabbit, how do we know it was a horse? The horse specializations
are very subtle and not visible on the surface, but they are there. In the ear region of the skull there are a number
of uniquely horse-like specializations in the canals that allow the nerves and blood vessels to pass through. In
addition, their teeth are even more diagnostic. Although the molars and premolars are still very simple, with
cusps and no crests, and very low crown height, the arrangement of the cusps is unmistakably that of a
perissodactyl. However, only a few minor features in these teeth show that they belong to a horse. With very
slight differences (such as in European Hyracotherium), they could be a palaeothere. With slightly more
connection of the crests, they could be the most primitive common relative of tapirs and rhinos, Homogalax. To
the untrained eye the teeth of these two animals are nearly identical, yet they represent completely different
branches of the perissodactyls. As we have pointed out above, the teeth first named Eohippus are probably not
horse either, but may belong to the most primitive brontotheres or chalicotheres. At this very early stage in the
evolution of perissodactyls the ancestors of each of the major groups are so similar in most features that they can
barely be distinguished. It is only in hindsight, when we see how differently their descendants turned out, that
we try to separate them. If you were to time travel back to the Eocene you probably could not have told them
apart, let alone guessed what their descendants would look like. Page 202


