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Preface



The authors in this volume were chosen for their expertise in their respective disciplines, and we are, indeed, fortunate to have brought together some of the very best scholars in the world for this task. While there have been many books published on horses in recent years, most are generalized popular volumes by single authors. Although these are fine publications, this book is unique in that each chapter is written by an expert on its subject. It is important to recognize that these contributors not only possess a thorough knowledge of the work of others in their field, but are themselves pushing forward with research that is revolutionizing equine-related science. Whereas all the contributors are accomplished writers in the scientific journals of their own disciplines, this is the first compilation of their works to present their research and recent discoveries in a format suitable for a general audience. For myself as editor, preparation of this volume has been a most edifying and enlightening undertaking. I believe that all readers—both laypeople and scholars—will find Horses Through Time entertaining and educational and that it will fuel an already widespread interest in the role of horses in our society, both past and future.


This volume would be nothing more than a dream in a curator’s mind without the contributions of many people and institutions. First, I would like to pay tribute to the Carnegie Museum of Natural History, which, in addition to providing considerable financial assistance, has generously allowed members of our Division of Education and myself virtually unlimited time to work on the production of this book. Without the unwavering support of James E. King, Director of Carnegie Museum of Natural History, this volume would not have been possible. Louise Craft, Managing Editor in the Division of Education, and her assistant, Elizabeth Mertz, have suffered all the trials and tribulations associated with the gestation and delivery of this publication and have shown remarkable dedication and perseverance.


One person deserves a very special thanks for her contribution to this book. Mary Littauer reviewed the entire manuscript in detail, adding immeasurably to its accuracy through her vast knowledge of virtually everything related to the horse. We were, indeed, very fortunate to have benefited from her critical eye. All those who have met Mary, and there are certainly many, agree that she is unsurpassed in her wisdom regarding horses. Although she could have easily written a comprehensive volume on the subject based on her own scientific research and experience, she instead kindly agreed to devote an enormous amount of her time to improve this book. Any errors that may occur in this volume regarding equestrian history most probably arose after Mary carefully combed through it.


To the authors I would like to offer my gratitude for their fine contributions and their patience for the duration of the production period. We, the authors and the editors, also owe much to the reviewers, artists, photographers, and museums who have added immeasurably to the style, accuracy, and presentation of Horses Through Time. Institutions that have made special contributions include the British Museum, Buffalo Bill Historical Center, Carnegie Museum of Art, Carnegie Museum of Natural History, Harness Racing Museum and Hall of Fame, International Museum of the Horse, Kentucky Derby Museum, Kinetic Corporation, Natural History Museum of Basel (Switzerland), Robert Harding Picture Library, Royal Armouries of HM Tower of London, Senckenberg Natural History Museum (Germany), and the Spanish Riding School.


Special persons who shared their knowledge and helped with various aspects of the book include Gail Brownrigg, Mary Dawson, Dennis Foster, Deborah Harding, Richard Harington, Janet Hitchen, Melinda McNaugher, Daniel Opplinger, Nancy Perkins, Barbara Pitman, Jenifer Raisor, Christine Randall, Patricia Rice, G. Richter, and Randall White. It is impossible to thank all of the generous people who took time from their busy schedules to assist, inform, facilitate, and contribute to the production of this book. There were so many with whom I spoke on the telephone who offered their help, despite never having met me or heard of me until they answered the phone. I do not know whether horse enthusiasts are “a breed apart,” but it seems to me that they have an infinite capacity for kindness and amazing energy when it comes to spreading the word about horses. I hope that all of those who must go unnamed, but who are certainly not forgotten, will accept my gratitude for making this volume so much better.


Lastly, and most importantly, I would like to thank my husband, Chris Beard, who was made to suffer every painful detail of the production of this book before, after, and often during his own work days, and who provided unlimited good judgment, intelligent solutions, and calm stability throughout.


—Sandra L. Olsen
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1. A woman drives a horse-drawn wagon hauling fodder in Samara, Russia. (Photo by Sandra Olsen)


 


A horse! A horse! My kingdom for a horse!


—Shakespeare, Richard III, act 5, sc. 4


In the history of humankind there has never been an animal that has made a greater impact on societies than the horse. Other animals were hunted much more or domesticated earlier, but the horse changed the world in innumerable ways with its tremendous swiftness. While asses, camels, elephants, yaks, and other animals were ridden by people, the horse provided the first source of “rapid transit.” Prior to horseback riding, most people traveled on foot, carrying all their cargo on their shoulders, or they were restricted to using boats along rivers and coastlines. Other animals were slow, limited in how much weight they could carry, or were more restricted in their geographic distribution. Horses were swift of foot, could easily support one or two human passengers, could carry heavy loads, and, like asses, could survive, if necessary, on very poor quality vegetation or fodder.


Because of the obvious advantage of ease of transport, horses expanded the range that people could travel from their homelands. This provided the means to widen trade circles and increase communication among diverse cultures. The advantages of trade expansion and diffusion of technological innovations from one group of people to the next through increased long-distance travel were immeasurable.


The impact of horseback riding was not all positive, however. Along with domestication of the horse came a new way to move armies. The military advantage fell dramatically to those who were the quickest to gain access to and adopt the horse into their life-styles. This was as true in the New World as it was in Europe and Asia.


In our highly industrialized society we may tend to forget the enormous impact that horses have had on our history. In some areas of the world that impact may have dwindled but is still quite evident. There are other cultures, however, that continue to center many of their traditions and activities around the horse. And, should we become overconfident with our mechanized civilization, we should look at countries in the former Soviet Union that have reverted back to the highly reliable horsepower in the face of fuel crises and machinery breakdowns (figure 1). The time may come in our own future when an intermediate technology that includes horses may become advantageous over costly high-tech solutions.


The horse continues to serve another role beyond its purely utilitarian one, that of entertainment. Although leisure time seems to be shrinking in industrial societies, many people spend much of their free time in the company of horses. Their activities range from riding their own horses and pony trekking on vacation to sports requiring more proficiency like dressage (figure 2), hunts, show jumping, rodeos, and polo.


Equine Maxims Abound


To put the role of the horse in human history in perspective, we can look at many terms and phrases still prevalent in the English language that harken back to a time not so long ago when horses were of extreme importance to our society. Many phrases, like stubborn as a mule, beating a dead horse, horseplay, horsing around, and horse laugh are self-evident and require no explanation. Others have origins that are obscured in the past and lost to most of us. Some, like the humorous reference to an automobile as a horseless carriage, have survived longer than many would have anticipated. Although we rarely stop to look at their literal meanings, many of these linguistic phrases embody useful information about equine behavior or the care and treatment of horses. Everyone is acquainted with the sayings You can lead a horse to water, but you can’t make it drink, which was cited as a proverb as early as 1546, and That’s a horse of a different color, which probably originated in Shakespeare’s Twelfth Night in 1601. But, what about the Old English rhyme:




One white foot—buy him;


Two white feet—try him;


Three white feet—look well about him;


Four white feet—go without him.





The origin of this message seems to lie in the fact that white hooves are weaker than others and split more readily because the pigment that colors a dark hoof also makes it tougher.


The familiar old phrase Don’t look a gift horse in the mouth refers to the practice of horse traders determining the age of a horse by its anterior teeth, or incisors. Horses, like humans, have a set of temporary or milk teeth that erupt soon after birth. These include incisors, canine teeth in males, and premolars. Because it is easiest to look at the lower incisors of a living horse, these are used most frequently as a means of determining the age of the horse. The incisors erupt and wear down according to a fairly consistent schedule through the life of the horse. Wear is caused by the abrasive nature of the grasses and other food plants ingested by the horse. As the incisors wear down, the chewing surface changes in appearance, exposing more and more of the infundibulum, a natural concavity in the anterior teeth. By looking at the lower incisors to see which permanent teeth have erupted and their stage of wear, knowledgeable horse traders can estimate fairly accurately the age of the horse. Since older horses are less useful for heavy work, determining the age helps to evaluate a horse’s worth. Hence, looking a gift horse in the mouth is the equivalent of asking someone how much they paid for a gift they have just given you and then complaining that it was not expensive enough. Getting information straight from the horse’s mouth is also probably derived from the fact that a smart horse trader would look into a horse’s mouth for himself to determine its age, rather than trusting the word of the seller.


Eating like a horse originates from the fact that horses spend much of their time consuming large quantities of food. Among livestock the equine digestive system is unusual. Compare, for example, other grazers, like cattle, sheep, and goats, all of which have four-chambered stomachs and rather slow digestive systems. The horse, on the other hand, has just one chamber in its stomach, and most of the fermentation occurs farther on in the cecum. In terms of its proportion to the total body weight, the horse’s digestive system is only about one third the size of that of a cow. This fact means that food passes through a horse much faster than it does through a cow or other ruminant, so the horse requires more food in order to obtain sufficient nutrients. Therefore, under natural circumstances, equids must have large ranges in which to feed. Although their basic intake is necessarily quite high, horses can digest very low-quality food that other grazers would reject. As a result equids can occupy a vast range of habitats, some of which are severe in temperature and extremely arid.


Good old common horse sense most likely refers to the accumulation of knowledge about horses acquired by humans, not to the intelligence of horses. In order to buy, care for, train, handle, breed, and work with horses, an equestrian must know a great deal about them. The appreciation for the acquisition of knowledge about horses was evident even by the fourth century B.C., when the Greek writer Xenophon wrote his treatise The Art of Horsemanship. This early work covered such topics as how to avoid being cheated when buying a horse and how to train, groom, mount, ride, and stable a horse. It is easy, then, to see why someone is described as a good “horse trader” if he or she is shrewd at bargaining for any sort of commodity or deal.
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2. Margie Goldstein on Land of Kings in the Victory Parade after winning the Grand Prix, Upperville Horse Show, Virginia. This horse show is the oldest in the country. (Photo by Janet Hitchen)


The reason horse sense probably does not refer to the intelligence of horses is that they are, unfortunately, rather limited in this regard. Relative to their body size, horses have very small brains. Their behavior is linked primarily to instincts rather than to innate intelligence. Their strongest qualities relate to their instincts to flee from dangerous predators, to eat and drink regularly, to seek security in numbers, and to mate successfully. The training of horses relies, therefore, on repetition and the development of conditioned reflexes through reward or punishment. The most successful training takes into account the natural instincts of the horse and capitalizes on them. Thus, for example, young horses are enticed to jump over fences by having adult horses jumping ahead. The foal will concentrate on staying with the group and will leap over obstacles that it would otherwise avoid. As with folks who have dogs and cats, horse owners may tend to anthropomorphize horses, that is, to attribute human qualities to their animals’ behaviors.


Horses are known for two things when it comes to locomotion, power and speed. Horsepower is a term still used today as a standard measure for engines and other machines, but what exactly is it? Does it refer to what a pony or a large draft horse can do? Actually, the unit of measure referred to as horsepower is standardized as the power to lift seventy-five kilograms (165 lb) one meter high (30 in. high) in one second. The average horse is actually ten to thirteen times stronger than that, meaning that one horse normally is capable of producing ten to thirteen units of horsepower. Horses have been used to pull a number of vehicles, including carts, wagons, carriages, chariots, and sleighs, hence the phrase to work like a horse.


The phrase putting the cart before the horse is probably ancient, because it first appeared in print in 1520 in Robert Whitinton’s Vulgaria. I might add that before horses could be used to pull heavy loads, special yokes had to be designed, because the typical ox yoke would have applied too much pressure to the windpipe of a horse, cutting off its supply of oxygen.


Many phrases are linked to riding skills, dressage, and racing. During the Age of Chivalry, a knight was chivalrous if he was adept at riding a horse in full armor, not easy when the armor and rider together weighed in at around 200 kilograms (440 lb) (figure 3). Chivalry is a word derived from the French word for horse, cheval. Because of the code of gallantry, which knights were required to know well, chivalry eventually came to be associated with the ideal behavior for noblemen, above and beyond merely equine-related subjects. To be cavalier can mean to behave either aristocratically or in a dismissive manner but originates in the term assigned to gentlemen who rode for the military. Telling someone to get off his high horse probably originated from the fact that knights had to ride specially bred large horses because of the enormous weight of their armor. Nobles would ride through town quite literally looking down on others from their tall horses. Later on, politicians paraded in ceremonial processions on unusually large horses. A Scottish proverb incorporating a reference to one’s “high horse” was cited by James Kelly in 1721. The phrase Come off it is also supposed to be derived from this saying.


Putting on airs may come from a term used in dressage to indicate a movement in which the horse’s legs are off the ground. The various “airs” above ground are executed chiefly by horses trained in haute école (classical equitation), as performed, for example, at the Spanish Riding School of Vienna, and by the French Cavalry at the School in Saumur. These exercises include the capriole, courbette, levade, pesade, ballotade, and croupade (see chapter 6). To put on airs, then, would be to show off a talent that is shared only with the most elite.
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3. A modern knight poses on his horse in front of Warwick Castle, England. (Photo by Sandra Olsen)


The lovely phrase tilting at windmills, which refers to attempting the ludicrous or impossible, is based on an episode in Cervantes’ seventeenth-century classic Don Quixote, in which the hero believes the windmills are monsters that he intends to take on in mortal combat. Tilting is the competition in medieval jousting tournaments in which one contestant tried to knock the other off his horse (see chapter 6). Shakespeare was one of the first to write about charging ahead at full tilt, a phrase that came to refer to proceeding with determination as quickly as possible in a particular endeavor.


Horse racing is an extremely fruitful source of clichés. Starting from scratch first implied that someone was being honest in a horse race by making sure that his horse’s front feet were just behind a line drawn in the dirt road that marked where the race was to commence. Although the phrase up to scratch was first published in reference to boxing 160 years ago, it may have been used earlier in horse races. A dark horse candidate is one about whom little is known. In 1831 Benjamin Disraeli wrote in The Young Duke, “A dark horse, which had never been thought of . . . , rushed past the grand stand in sweeping triumph.” This is all the more ironic given that Disraeli himself was quite a dark horse in British politics. The idea comes from cases in which the public is either intentionally or accidentally kept in the dark regarding certain facts about an equine contestant that may possess the necessary qualities to win the race. The horse’s lack of a reputation can put those betting on it at an advantage. They’re off and running is a phrase, uttered by many racetrack announcers, that has come to refer to any situation in which the participants have made a strong beginning, especially in politics. Beating a dead horse was first applied to politics when Richard Cobden, a member of Parliament, was accused of this deed in 1887 when he kept pressing to reduce the budget. Giving someone a leg up literally refers to helping him or her onto a horse or a wall, whereas going on a wild goose chase makes reference to an equestrian sport started in Ireland.


Some equine words and phrases are taken from horse tackle rather than from the horse itself. The origin of the phrase bits and pieces may have come from parts of a bridle. The bit fits into the mouth of the horse and rests on the gum between the incisors and the cheekteeth. It assists in controlling the pace and direction of the horse, as well as the position in which the animal holds its head. The cheekpieces are the parts of the bridle that connect the bit and the headstall. Today they are usually metal, but the earliest known ones, dating to the Bronze Age in Europe, were made of antler tines. Bits and pieces were collected and piled together in a barn or stable, hence the use of bits and pieces as a collective term for many small and varied objects.


Champing at the bit refers to the nervous behavior of a horse in response to the restraint of wearing a metal bit in its mouth. The horse chews or gnashes on the bit, particularly if it is uncomfortable. In humans the phrase implies frustration caused by restraint or delay, but this emotion can be reflected in any number of ways. Champing in wild horses is actually a submissive behavior in which the mouth is opened and closed rapidly with the lips drawn back at the corners and held away from the teeth. This conveys to another horse the recognition of its superior social ranking over the horse that is doing the champing.


Giving free rein to someone means that you are relinquishing any power over his or her behavior, whereas reining them in and tightening the reins have the opposite connotation. A person can also be spurred on or spurred into action. To take the bit in one’s teeth refers to proceeding in a bold and confident manner and first appeared in print back in 1589. Going ahead hell for leather originally meant that a person who was riding as fast and hard as possible would put a lot of wear and tear on his leather saddle, bridle, and stirrups. Rudyard Kipling may have been the first to coin the phrase in 1899 when he wrote “The Story of the Gadsbys.” Riding roughshod over someone is to disregard the person’s physical and mental welfare. A horse is roughshod when the nails are left protruding out of its shoes so that the animal does not slip and fall. Consequently, being ridden over by a roughshod horse would be quite agonizing. In 1790 Robert Burns wrote about “a rough-shod troop o’Hell,” and Thomas Moore used the term in its modern metaphorical sense in his 1813 Intercepted Letters when he wrote, “Tis a scheme of the Romanists, so help me God! To ride over Your Most Royal Highness roughshod.”


One very surprising word with equine origins is crinoline, our name for a full petticoat or a stiff type of cotton cloth used for interlinings. Crinoline originally referred to a loose-weave horsehair cloth used as a stiff lining for hats and lapels and as fabric for petticoats that helped skirts to stand out and look full. The word is derived from the Latin words crinis, meaning “hair,” and linum, meaning “thread.”


The incorporation of horse terms and phrases in our daily language does not stop there, because little girls wear ponytails, and when it is time to settle your account, you need to pony up. While the old gray mare ain’t what she used to be and nightmares may not conjure up very positive connotations for female horses, a man who is referred to as a stallion certainly has a reputation to live up to. Finding a horse-shoe may bring luck to the finder, but probably signifies misfortune for the horse and its owner who lost it. Backing the wrong horse, either literally or figuratively, is likewise disadvantageous, as is changing horses in midstream.


These are just a few of the ways horses have impacted our language. The persistence of these familiar old quotes in our daily speech registers in some small way just how horses have influenced our history and led up to our place in the modern world. If ever we doubt the impact that horses have had on our society, all we need to do is think about the frequency with which these horse-related maxims appear in our language.


Horses Through Time Addresses Important Equine Topics


This volume presents new information on a wide range of equine-related topics in a way that illustrates the significance of this species to humans as well as its place in the natural world. The book takes a largely historical perspective and in so doing demonstrates the important roles that horses have played throughout time.


Chapter 2, “The Ancestry of the Horse,” sets the stage by documenting and deciphering the evidence for the whole evolution of equids. As one of the world’s foremost authorities on horse evolution, author Richard C. Hulbert, Jr. provides an up-to-date picture of the varied and complex nature of the fossil record, leading from the tiny “dawn horse” of fifty-seven million years ago to the development of modern horses. His chapter not only informs those interested in the paleontology of horses, but also helps explain why modern horses have certain physical characteristics and behave the way they do. It is, therefore, useful to anyone interested in the anatomy, physical capabilities, diet, and behavioral aspects of horses.


Chapter 3, “Horse Hunters of the Ice Age,” introduces readers to the wide range of evidence used by archaeologists to reconstruct the early relationships between humans and horses. At a time before domestication, early European hunters had a perspective on horses very different from that of modern humans, and yet these people captured the beauty, strength, and grace of horses in their cave art and horse effigies. Their art adds immeasurably to the physical evidence such as horse bones that archaeologists pore over as they study the roles of horses in the lives of Ice Age hunter-gatherers.


Several chapters deal directly or indirectly with the history of control, domestication, and breeding of horses by humans to suit their particular needs. Chapter 4, “Bridling Horse Power: The Domestication of the Horse,” wrestles with the various theories for the origin of horse domestication at least 6,000 years ago. Author David W. Anthony’s and Dory Brown’s ongoing research on the topic is breaking new ground in documenting the earliest examples of riding based on tooth wear caused by wearing a bridle found in the archaeological record in Ukraine, Russia, Kazakstan, and elsewhere in the Eurasian steppes.


Chapter 5, “Horses in History,” presents a concise review of significant events and developments in world history involving horses. Author Juliet Clutton-Brock is well known for her entertaining but highly informative popular books on domestic animals in prehistoric and historic times. Her chapter begins where Anthony’s leaves off with some of the earliest historical accounts of horses and covers a range of topics from warfare to sports to the introduction of domestic horses into the New World.


Chapter 6, “In the Winner’s Circle: The History of Equestrian Sports,” complements Clutton-Brock’s overview by supplying additional detail about the origin, development, and historical highlights of equestrian sports. This chapter offers the reader a glimpse of the wide variety of events performed in the past and demonstrates the great antiquity of many modern sports.


Chapter 7, “Hooves Across the Steppes: The Kazak Life-Style,” by Victor Shnirelman, Sandra L. Olsen, and Patricia Rice, tells the story of how intertwined the lives of the nomadic Kazak pastoralists are with their herds. At the same time that we look back nostalgically at the horse in America, many cultures continue to rely heavily on horses for transportation, agriculture, haulage, and even meat and milk. Despite increasing stress, the Kazaks of Kazakstan, Mongolia, and northwest China still maintain a herding economy with a heritage centered around horses. This chapter recounts the numerous ways in which horses figure into the Kazak belief system and permeate nearly all their traditions.


Chapter 8, “The Proliferation of Horse Breeds,” provides a generous outpouring of information of interest especially to anyone who raises horses or is thinking about selecting a particular breed. Author D. Phillip Sponenberg discusses key characteristics of numerous breeds and explores their historical development. An important aspect of this chapter is the way in which it frames relationships among similar breeds with shared ancestry to explain their common heritage. The prevalence of certain traits in modern breeds is linked back to the horses’ original uses in the past, whether it be for hauling, riding, or other purposes.


Chapter 9, “The Advancement of Equine Medicine,” brings us from early historical accounts of rudimentary veterinary practices to the present state-of-the-art application of medical technology to horses. Author Corrine Raphel Sweeney uses as a modern case study the well-equipped University of Pennsylvania School of Veterinary Medicine New Bolton Center to demonstrate how medical techniques originally developed for humans are adapted to the treatment of horses. She also discusses the development of apparatuses specifically designed for treating horses and the great progress that has been made in improving fertility and neonatal survival rates.


Chapter 10, “The Living Relatives of the Horse,” traces the distribution and characteristics of the horse’s close relatives in the equid family, including zebras, asses, and onagers. Author Susan L. Woodward has studied feral asses in North America and knows much about the behavior and ecology of wild equids. This chapter is a fitting subject on which to close since it helps to put horses in their proper place among other equids in the animal kingdom and harkens back to a time when horses themselves were truly wild.
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see figure 9.


 


Among mammals horses are classified with the ungulates, the great group of large-bodied herbivores (plant eaters). Other living ungulates include the rhinoceroses, camels, deer, antelope, cattle, elephants, and manatees. The combination of ungulates’ large, sturdy bones and teeth and their great abundance in most faunas leads to their having an excellent and relatively complete fossil record. The horse family, Equidae, is no exception to this generalization. Many tens of thousands of specimens of equid fossils have been discovered in North America, Eurasia, Africa, and, to a lesser degree, South America. These range from very rare complete skeletons to isolated bones and teeth, the most common finds.


Paleontologists have been analyzing the equid fossil record for well over 150 years, continually making new discoveries, describing new species, reinterpreting old data, and in general learning more about the evolution, anatomy, and ecology of this group. For example, paleontologists named an average of three new species of fossil horses per year between 1973 and 1987. Many paleontologic interpretations are controversial, with contending or alternative hypotheses and theories held by different specialists. As new specimens are found and more data accumulate, some of these ideas are proven unlikely, whereas others are corroborated or totally new hypotheses are proposed. By this method paleontologists progressively gain greater understanding of the evolutionary history of the horse, as well as other organisms.


The fossil record of the horse has an important role in the history of science, in particular the study of biologic evolution. In the late 1800s horses became the first group of mammals that paleontologists could place in a reasonably plausible sequence of ancestors and descendants from a living species back to the beginning of the Age of Mammals, 65 million years ago. Although we now know this sequence was grossly oversimplified, incomplete, and in places simply wrong, it was still an important achievement for the time. With the wide availability of fossil specimens, most natural history museums had the resources to display an exhibit on the evolution of the horse and scores of biology and geology textbooks used the horse as an example for an evolutionary sequence.


Horse evolution became popular because of several factors. First, horses were still in wide use as a means of transportation in the late 1800s. Second, the newly opened American West proved to have a relatively complete sequence of rocks containing fossils that spanned the entire history of the horse. Third, many of the horse’s evolutionary changes, such as increase in size and loss of toes, were very obvious. One did not have to be a skilled anatomist to observe them. Fourth, these same changes could be (and were) interpreted as a progressive series of improvements through geologic time to ever-more-advanced, more highly specialized forms. This simplistic interpretation of evolution as progress is incorrect in many ways, but accorded well with then-prevailing evolutionary theories. Finally, the fact that most horse evolution had taken place in North America, and not the Old World, which is the native home of living equids (chapter 3), gave the story an additional interesting twist.


Through the course of the twentieth century, the portrayal of horse evolution has followed a two-track system. While professional paleontologists uncovered and unraveled an increasingly complex evolutionary history, museum displays and general textbooks resisted change and sacrificed accuracy for simplicity. Thus today’s college biology textbook incorporates the latest findings about molecular structures of enzymes, the intricacies of DNA synthesis, and the workings of the immune system, while presenting a forty-year-old depiction of horse evolution. The great vertebrate paleontologist and evolutionary theorist George Gaylord Simpson bridged this gap in 1951 with his book simply entitled Horses. It popularized the then current view of horse evolution proposed by Reuben A. Stirton and his students at the University of California. This book, although now outdated in many respects, remains a good general review of the ancestry of the horse. Bruce MacFadden’s Fossil Horses, the first book in English devoted to equine paleontology since Simpson’s, provides an updated, but more technical reference.


Throughout this essay the word horse is used in its general sense, to refer to any member of the family Equidae. This usage is common among paleontologists, who, for example, routinely refer to “Eocene horses” or “three-toed horses of the Miocene” (figure 1). Other authors in this volume use the same work in a more restricted sense, to refer only to that species with the scientific name Equus caballus, the domestic horse, and the closely related Mongolian wild horse, Equus przewalskii. (The Appendix includes the scientific classification of Equus caballus.)


Origin of the Family Equidae


The horse family, Equidae, like that of many other mammals, first appeared at the beginning of the Eocene epoch, about 57 million years ago (figure 1). The world was then a far different place. The general climate was much warmer, with subtropical plants and animals living at the Arctic Circle. The landscape was predominantly forested, with little of today’s wide-open grasslands, steppes, and savannas. The continents of Europe and North America were much closer together (they have since drifted apart, widening the Atlantic Ocean), and a high-latitude land bridge connected them via Scandinavia, Greenland, and the northern islands of Canada. This connection allowed extensive interchange of land animals between the two continents, so their faunas were very similar.


The extinction of the dinosaurs and other animals at the end of the Cretaceous Period (the last period of the Mesozoic Era), 65 million years ago, had created several ecological vacuums, among them niches for medium- to large-sized herbivores. Most Cretaceous mammals were small, generally no bigger than a rabbit. Small, active herbivores find it difficult to extract enough energy by consuming the leaves of plants alone. Instead they must eat the more nutritious parts of plants, such as buds, nuts, seeds, roots, and fruits. Larger mammals, with their more extensive intestines and relatively slower metabolisms, can more easily survive on a diet of leaves. They are also better able to counteract or withstand the poisonous chemicals many plants store in their leaves for defense. Following the dinosaurs’ demise many types of medium and large mammals appeared. Studies of their teeth indicate that they had predominantly browsing (leaf-eating) diets. Most of these animals became extinct by the end of the Eocene (35 million years ago), with three very successful groups of survivors emerging from their ranks. These were the perissodactyls (horses, tapirs, rhinoceroses, and some extinct families), the artiodactyls (pigs, hippos, camels, deer, antelope, giraffes, and many others), and the proboscideans (elephants and their extinct kin).
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1. Major events in the evolution of the horse.
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2. Posterior upper teeth (left side) of Radinskya from the Paleocene of China. Not the π-pattern, most evident in M1 and M2. This pattern closely resembles the upper molar of the primitive equid Hyracotherium, discussed in the text. Because the π-pattern is basic to all perissodactyl molars, some paleontologists think Radinskya is more closely related to perissodactyls than the phenacodonts, which lack this pattern. (After McKenna et a I., in Donald R. Prothero and Robert M. Schoch, 1989. Copyright © by Oxford University Press, Inc. Reprinted by permission.)


There are currently two alternative hypotheses regarding the origin of perissodactyls. The traditional hypothesis argues for their origin in North or Central America from an extinct group of medium-sized herbivores, the phenacodonts, because many features of early perissodactyls resemble the Paleocene phenacodont Tetraclaenodon. A second hypothesis, supported by several recent investigations, considers perissodactyls to be more closely related to other ungulate groups, including the proboscideans, hyraxes, manatees, and extinct phenacolophids, than they are to phenacodonts. The fossil records of these groups suggest a likely common origin in either northern Africa or southern Asia. Recent attention has been focused on the phenacolophids, from the early Cenozoic of Asia. (Despite the similarity in names, these animals are not closely related to the phenacodonts.) Of particular importance to this hypothesis is the newly discovered Paleocene phenacolophid Radinskya from China. Its upper molar teeth have cusps forming a pattern similar to the Greek letter pi (π) (figure 2). This pattern forms the basic plan of the upper molars of all perissodactyls and is notably absent in phenacodonts. Although Radinskya is probably not the direct ancestor of perissodactyls, its discovery supports their Old World origin from a common stock with elephants and hyraxes. Further study, both of fossils and DNA-sequences of living forms, will be required to determine which, if either, of these two theories is more likely.


By what anatomical criteria is a mammal placed in the order Perissodactyla? Because the focus here is mostly on fossils, only skeletal features or those that can be inferred from bones are emphasized. Almost all authorities agree that perissodactyls include the living horses (family Equidae), tapirs (family Tapiridae and several extinct families), rhinos (Rhinocerotidae, plus two extinct families), and three major extinct groups, the palaeotheres, the chalicotheres, and the titanotheres (also known as brontotheres) (figure 3). These mammals all share a number of anatomical attributes that suggest their close relationship. Many of these are technical details of the ear region of the skull or the cusp pattern of the teeth, but some involve the feet. (The skeleton of the horse in the Appendix will help in this discussion.) In all perissodactyls the first digit (the equivalent of the human thumb or big toe) is absent on both the forefeet and the hindfeet, as is the fifth digit on the hindfoot. The third (central) digit is notably larger than the others. The perissodactyls are commonly referred to as the “odd-toed ungulates” because all or most of the weight is supported by either one or three digits. This is something of a misnomer because some perissodactyls (including the living tapir) have four digits on the forefoot, and there are ungulates other than perissodactyls with an odd number of digits. The bones forming the feet, especially the metapodials, in perissodactyls are elongated. Another important perissodactyl innovation is in the ankle joint, specifically in the bone called the astragalus (or the talus in humans). The perissodactyl astragalus has two raised parallel ridges on the surface where it articulates with the lower leg bone, or tibia. These permit efficient rotational movement in a fore-and-aft direction, but limit lateral movement at the ankle joint. All of these and other features suggest that from the very beginning perissodactyls had adapted to running at fast speeds over long distances. It is important to note that one of the other successful ungulate groups, the artiodactyls, also rapidly evolved characteristics of running mammals, in some ways even more advanced than those of perissodactyls. It is tempting to credit the success of these two groups to these innovations for running, as opposed to their many slower Eocene competitors that became extinct.
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3. Hypothesized evolutionary relationships among the major groups ofperis-sodactyls. Note the three primary subdivisions. Only the equids, rhinos, and tapirs are still living; the others are known only from fossils. (After Prothero and Schoch, 1989)


It is now known that the earliest perissodactyls had a second advantage over their Eocene contemporaries: a larger, more advanced brain. This advanced brain could have conveyed competitive advantages over other Eocene herbivores in ways like more complex social behavior and better recognition and evasion of predators.
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4. Evolutionary relationships among early Cenozoic horses from North America. Note that equid evolution is always a series of branching lineages, never a simple progression of genera.


Regardless of their place of origin and their particular ancestral stock, the first perissodactyls diversified rapidly into three major groups, with the horse included in the hippomorphs (figure 3). Fossils of the earliest members of these three groups are found in early Eocene rocks in Asia, Europe, and North America. In America the states of Wyoming, Colorado, and New Mexico have produced the most important specimens. Because Eocene perissodactyls all shared a fairly recent common ancestor, it is not surprising that the earliest members of each group generally resemble one another. Therefore, only relatively complete, well-preserved fossils can be definitively identified to family. Paleontologists who study these early perissodactyls do not agree on their classification; thus, a species one worker calls an equid might be placed in the titanotheres by another and the chalicotheres by a third. Such disagreements should be expected, given that many species are known only from fragmentary fossils and that they closely resemble one another at this stage of their evolution. Exactly which of these early species are members of the horse family Equidae and which are instead members of closely related, collateral lineages is an area of ongoing research and is still controversial.
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5. Reconstructed Hyracotherium. This genus lived in the early Eocene, about 57 million years ago. (Carnegie Museum of Natural History, photo by Melinda McNaugher)


This problem has unfortunate consequences in determining what name to apply to the oldest horses. For many years the genus Hyracotherium has been widely used and generally regarded as the first true horse (that is, to the family Equidae) (figure 4). The first named species, however, Hyracotherium leporinum from England, is now placed in a separate family, Palaeotheriidae, while many other species of Hyracotherium in North America are considered closely related to true equids. Those that fall in the family Equidae should eventually be given a different genus name. Until paleontologists sort out all the relationships, many continue to lump this group together. For simplicity all early Eocene members of the Hippomorpha are informally referred to here as “hyracotheres.”


The Dawn Horses of the Eocene


At the beginning of the Eocene epoch, about 57 million years ago, hyracotheres, the tiny “dawn horses” of the Eocene, appeared in the faunas of North America and Eurasia. They were slender-legged, relatively small (about 4-11 kgs or 9-25 lbs), browsing herbivores (figures 5-7). All were similar in appearance and presumably in their ecology, differing only in body size and very subtle details of their teeth. The best clues as to how the hyracotheres actually lived and what they ate come from two widely separated fossil localities, Costillo Pocket in south-central Colorado and the Messel lake-bed deposits near Frankfurt, Germany.
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6. Hyracotherium skeleton. (Carnegie Museum of Natural History, photo by Melinda McNaugher)


Costillo Pocket preserves the partial remains of thirty-two individuals representing two hyracothere species; a less-common smaller form (eight specimens) and a more-common larger species (twenty-four specimens). The sample of the large species is important as it represents the best census of a hyracothere population yet discovered, and it allows paleontologists to statistically analyze the differences between individuals. These in turn allow the extrapolation of ecological information based on comparisons with living mammals and other fossil samples. The most important result of the analysis of the Costillo Pocket hyracothere is that males and females of the same species showed many significant differences (figure 8). The individuals presumed to be males were on average about 15 percent larger in size, had more robust skulls, and had much larger canine teeth (by about 40 percent). The term sexual dimorphism is used by biologists to describe species with significant differences (exclusive of the reproductive organs) between males and females. Modern horses have a very low degree of sexual dimorphism, with almost equal body size in males and females of the same breed. The size of the canine teeth is the only significant sexually dimorphic character in living horses. Males have large canines that are used in fights between each other for dominance and control of harems, and females either have greatly reduced canine teeth or lack them altogether. All fossil horse populations that have been studied show sexual dimorphism for canine size. This factor has obviously been constant throughout their history.
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7. Hyracotherium with its skull, upper molar, and forelimb. Note the four toes on the forelimb and three on the hindlimb. (Drawing by Linda Witt Fries)
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8. Lateral (top) and ventral views of skulls of Systemodon (or Hyracotherium) tapirinum from Costillo Pocket, Colorado. The male skull is larger, more robust, and has larger canines. This shows a much greater degree of sexual dimorphism than is observed in living horses. (After Gingerich, 1981; used by permission)


The degree of sexual dimorphism in body size in the Costillo Pocket hyracothere is one of the greatest known for any perissodactyl. Philip Gingerich, who studied this sample, inferred from this that females lived together in small permanent groups, and that there was extensive competition among males for the right to breed with these groups. This in turn led to selective pressure for larger body size and canine teeth. In North America early Eocene hyracotheres replaced similarly sized, primitive ungulates, which did not have pronounced sexual dimorphism. Gingerich noted that this transition coincided in western North America with a climatic and environmental shift from a fully forested habitat to more open woodlands. He concluded that, instead of the traditional view of hyracotheres as forest dwellers, at least in North America they lived predominantly in the more open glades. These were covered by herbaceous plants, shrubs, and dry-adapted ferns, but not grasses. This view was based on observations of their adaptation for running (a skill of more value for herbivores in open habitats), their marked sexual dimorphism, and their larger and more complex brains, as well as on paleobotanical data.
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9. Articulated skeleton of Propalaeotherium parvulum from Messel, Germany. This species lived in the middle Eocene, about 49 million years ago. (Original in Senckenberg Museum, photo of cast in Carnegie Museum of Natural History by Melinda McNaugher).


The second fossil locality that provides major insights into hyracothere ecology is the famous Messel site in Germany. Messel consists of finegrained sediments deposited at the bottom of a stagnant lake and is one of those rare places where more than just the skeletons of fossil animals are preserved. The chemistry of the lake waters prevented the complete destruction of organic tissues by bacteria, and the lack of strong currents and scavengers kept most skeletons intact and articulated. Many specimens preserve not only the whole skeleton, but also the original outline of the body. Traces of hair, skin, internal organs, and stomach contents are also found. Fish make up the majority of the fauna, but about thirty-five species of mammals have been found, including two species of the hyracothere Propalaeotherium (figure 9). Experts are divided on whether this genus is a true horse (equid) or a palaeothere. While the diet of hyracotheres has long been inferred on the basis of their teeth, the stomach contents of the Messel Propalaeotherium provide the first direct evidence (figure 10). As was long suspected, leaves of trees and shrubs were the major component, but more surprising was the presence of grapes in one individual. Whether fruit was a common element of the diet of all hyracotheres remains to be established.
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10. Leaf cuticle (lower side of leaf) from the stomach contents of Propalaeotherium hassiacum from Messel, Germany. This discovery supports the hypothesis that Propalaeotherium was a leaf-eating browser rather than a grazer. (Courtesy of Senckenberg Museum, photo by Jens Franzen)


A number of changes occurred at the end of the early Eocene. Because of continental drift, the direct connection between North America and Europe was severed, and Europe was also periodically separated from Asia by shallow seas. Global climates remained warm but became more seasonal, with yearly dry seasons. This led to increased openness in the vegetation, a trend that continued through the Oligocene and Miocene, and culminated in widespread savannas. After the early Eocene European hyracotheres diversified, with as many as seven species known from one locality in Spain. Some European lineages became large-bodied, with proportions resembling the modern tapir. They tended to retain the basic foot structure of the original hyracotheres, while other groups of European herbivores, including tapirs and rhinos, evolved further adaptations for running. One can presume that the hyracotheres remained in or near forested regions, while the runners opted for more open spaces. With historical hindsight it is obvious that those species that sought the open ranges were more successful, because the diversity of European palaeotheres and equids declined in the late Eocene. Only a few persisted until the middle Oligocene (about 30 million years ago), when they became extinct in Europe. Asia always differed from Europe and North America in the Eocene, as neither equids nor palaeotheres formed an important percentage of its herbivore fauna. Instead, titanotheres and small, fast-running rhinos and tapirs were more common. Equids and palaeotheres became extinct in Asia in the early Oligocene, slightly before their extinction in Europe.
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