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Preface

This book is intended in large part as a tribute to Alfred Sherwood
Romer (1894-1973), my professor at Harvard and the greatest student
and teacher of fossil vertebrates of the twentieth century. Romer taught
me not only to be a paleontologist but also to love the history of this sci-
ence. One of the delights of collecting Early Permian fossils with him in
the hardscrabble country of north-central Texas was his daily recount-
ing of stories of the early collectors there, such as Jacob Boll, a Swiss
immigrant who collected for Louis Agassiz, the first director of the
Museum of Comparative Zoology, in the early 1870s.

Perhaps Romer’s best story about himself (and about bone hunt-
ing) concerns the day in the 1950s when he was unearthing the bones of
a fossil reptile far out in the dry north Texas cattle country. Along came
a cowboy riding the line, checking for downed sections of barbed wire
fence. He was the authentic item: lariat on the saddle, fence tools in a

saddlebag, a rifle in a scabbard plus a six-shooter on his hip.

cowBoY: What ’yer doing?

Romer replied that he was collecting fossils.

cowsoy: What’s that fer?

ROMER: Well, these rocks are full of the remains of creatures
that lived here (hesitating over the subject of a biblical age
for the earth) many, many years ago.

cowBoY: Yup, why do you do that?

ROMER: Well, I am a professor from a college back east and
I take them back there and study them.

X1
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cowsoy: What fer?
ROMER (getting desperate): So that I can see how these ani-
mals lived a long time ago.
cowsoY: Why do you do that?
Then inspiration struck. Romer said: “The government
pays me to do it.”
At that the cowboy’s face lost its frown of suspicious con-
centration and he nudged his horse into a walk. “Yessir. Y’all

take care. Bye now.”

Romer was not only the greatest paleontologist of the twentieth
century: he was also a disarmingly modest man whose friendliness, gen-
erosity, and fondness for a good story made him beloved around the
whole world. People are supposed to grow to resemble their pets;
Romer had a very large nose that made him, in later years, bear a star-
tling similarity in profile to one of his favorite Permian reptiles.

He spoke with such a strong New York accent that, when I first
went to study with him, I could not understand his lectures, punctu-
ated as they were with the Latin names of fossil creatures that I knew
only from books. Most of them I had never before heard pronounced
but, judging from the principles of Greek and Latin, they probably
should not have been pronounced like #2at. The janitors in the Museum
of Comparative Zoology at Harvard all called him “Al” The most fa-
miliar I ever became was the hopelessly contrived “ASR,” but I could
never have addressed a letter to him, or referred to him in conversa-
tion, as Al.

For as long as I knew Romer, two small photographs hung in his of -
fice at the museum. One, labeled Romer, shows him in the black suit he
typically wore around the university. With typical economy and lack of
pretense, he avoided issues of fashion by always wearing a version of
the same outfit: black suit, white shirt, black tie, black socks and shoes.
That way, he assured me, he was ready for any event. For the special oc-
casion of this photograph he looks completely comfortable with the ad-
dition of academic cap and gown. Also typical for Romer, however, 1s
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the fact that the setting is not the leafy spaces of Harvard Yard, but the
back steps of the museum, where every afternoon at four o’clock a
brains trust of faculty (Romer, George Gaylord Simpson, Bryan Patter-
son, and Ernest Williams) would gather for coffee and a cigarette with
the technicians and graduate students.

The second photograph, titled Roamer, shows him with a big grin
sitting on the running board of an ancient field vehicle. He has on a dis-
reputable khaki shirt, grubby pants, and field boots; he has just taken
off a sweaty bandana and laid it on his knee. On his head is a filthy old
straw hat. The picture was probably taken in the early 1950s, earlier
than the academic one. Not only do these two images show a contrast
between two sides of a man, they show a deep paradox in the field of
study to which he devoted his life. On one hand, the study of fossil ver-
tebrates 1s serious, rigorous science, conducted in the laboratories of
the finest universities and museums in the world. On the other hand,
vertebrate paleontology is adventure, exploration, and discovery, ac-
complished at the expense of fingernails and clothing, and experienced
with a dash (not too much) of danger. Romer was perfectly at ease in
the comfort of the Harvard Faculty Club or around a campfire deep in
the Argentinean wilderness. However, he could not live with only one
side of this duality—the professor or the cowboy, the scientist or the
romantic. He had to be both.

This dichotomy was not typical of Romer alone; it is really the
story of this whole subject. No matter the level of abstraction of the
evolutionary theories they support or generate, the study of fossil verte-
brates is dominated by the collecting of the fossils themselves. While an
art historian does not have to have acquired a serious reputation as a
painter or sculptor, most vertebrate paleontologists still earn their spurs
in the field; explorations and discoveries are as much a driving part of
their credentials as the theoretical papers, replete with mathematical
formulas, they publish in the best journals. And they still head out west
every year (or north or south or east) to live the life of a cowboy or a
gold prospector in some remote region, searching for tiny mammal
teeth, ancient fishes, or every kind of fossil reptile—all the elusive clues
to the history of life on earth and of the earth itself.
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Today, vertebrate paleontology, like all of science, is truly interna-
tional in every respect, but collecting the fossils remains the most glam-
orous part of the whole subject. And that usually means travel to remote
places, following the Willie Sutton principle (when asked why he
robbed banks, Sutton replied, “Because that’s where the money 1s”).
Paleontologists everywhere share the same wanderlusts, and so when
you ask a paleontologist why he heads off to the Great Plains and
purple-headed mountains every summer, the answer is, “That is where
the fossils are.” But this is only part of the answer. In the United States,
the rest has to do with intangibles: participation in a long-standing tra-
dition and (less overtly admitted) the American sense of nation, of
westward opportunity, of limitless possibility, a oneness with the glori-
ous days of nineteenth-century western exploration and the establish-

ment of the United States as one nation from Atlantic to Pacific.
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O N E

Fossil Hunters on the Frontier

What man in the world, I would ask, ever ascended to the pinnacle of one of
Missouri’s green-carpeted bluffs, and giddily gazed over the interminable and
boundless ocean of grass-covered hills and valleys which lie beneath him, where
the gloom of silence is complete—where not even the voice of the sparrow or
cricket is heard—without feeling a sweet melancholy come over him, which
seemed to drown his sense of everything beneath and on a level with him?

GEORGE CATLIN, 1844

From the time of the early Spanish explorers onward, travelers in
America have responded in various ways to the “ocean of grass” that
covers the jgreat prairie lands west of the Mississippi and east of the
RockyMountains. The modern traveler looks down from an airplane
and sees a checkerboard of farms and settlements. The early transcon-
tinental migrants in their canvas-topped Conestoga wagons (“prairie
schooners”) saw a seemingly endless and possibly dangerous obsta-
cle. When scientists first explored westward, they “saw” beneath the
grassy seas and found a huge geological puzzle and, more figuratively,
an opportunity.

With the Louisiana Purchase from France in 1803 the United States
doubled its territory by adding lands that extended from the Missis-
sippi River to the Rocky Mountains; before midcentury the nation’s
borders reached literally “from sea to shining sea.” This new western
half of the country was a cornucopia of wildlife migrating across seem-
ingly limitless grazing land, magnificent stands of timber, fabulous sil-
ver and gold fields, rich arable lands, abundant water in some places,

severe deserts in others. At the end of the almost endless plains was a
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mountain barrier, the grandeur of which made the Alps seem puny. Be-
yond the mountains was promised an Eden against the ocean. It all
seemed a place so vast that there, surely, the presence and handiwork of
man would always be insignificant, but first the steamboat and then the
railroads reduced immense distances to manageable short hops among
the new towns and cities. The Indians discovered that the white settlers
could not be trusted in the way that the early traders and trappers
could, and all too soon this promised land could be seen as a paradise
lost. Hundreds and thousands of settlers learned the hard way that the
promise “rain follows the plough” was a land agent’s cruel hoax.*

Whatever it meant to fur trappers, gold miners, Indian traders, for-
tune hunters, or farmers and settlers, the West was also a scientific trea-
sure house. Among its most exciting secrets were ancient fossils—the
remains of hitherto unsuspected kinds of animals like birds with teeth,
the diminutive ancestors of horses and camels, strange cattlelike crea-
tures with claws on their feet, and over a hundred different kinds of di-
nosaurs. Between 1739 and 1890 a small group of scientists discovered
and described thousands of previously unknown kinds of fossil animals
from the American West, and a great number also from the eastern
states. Along the way, they helped decipher and describe the geological
structure and history of an entire continent. They took a little-known
science, championed in the new nation by Thomas Jefferson and in Eu-
rope by Baron Georges Cuvier, and, especially when they discovered
dinosaurs, transformed it into part of the American experience.

The doctrine of Manifest Destiny (technically referring to the inclu-
sion of former Spanish possessions into the United States, but used here
more figuratively) was Manifest Opportunity for science, and if it was ac-
complished only through extremely hard work, against heavy odds, there
was more than a dash of glamour thrown in, fed by images of the West ex-
pressed in popular novels, many of which were written as quite blatant
propaganda for the land companies seeking to attract settlers from the
East. Many different kinds of people were involved in the scientific open-
ing of the West. This book deals with a group of fewer than a dozen men
who monopolized the study of fossil vertebrates, whether strange new
mammals from the Dakota Bad Lands, flying reptiles and gigantic fishes
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from the Kansas chalk, dinosaurs from the Jurassic and Cretaceous cliffs
of Wyoming and Montana, or ten-thousand-year-old elephants from
Kentucky.

These findings depended on exploration and discovery on a greater
scale than anything attempted in Europe, carried on during times of
adversity and adventure when, for these men, prospecting for fossils
meant carrying a pick in one hand and a rifle in the other, tackling hos-
tile country and equally hostile Indians. And also keeping a careful eye
on one another, because the rivalries among these explorers were in-
tense. Theirs is a story of high adventure, and sometimes a far-from-

noble ambition, all in the cause of serious science.

The question most often asked of any fossil collector is: how do you
know where to go? What the paleontologist emphatically does not do is
wander off into some strange wilderness without any prior clue as to
where and why he is going. In fact, the specialist student of fossils is al-
most always dependent on someone else to have made the first discov-
ery. In the vast reaches of this new land the first signs of the rich fossil
beds lying out beyond the Missouri River came in the form of isolated
specimens picked up by frontiersmen, fur traders, government survey-
ors, army personnel, and mining men. The much-honored Lewis and
Clark expedition of 1804-6 collected very few fossils (or other geologi-
cal specimens). They were not often in the right places and scarcely had
the capacity to drag hundreds of pounds of rocks around with them for
two years. They did, however, bring back a few small mineral speci-
mens and at least one piece of a fossil fish, found in a bank of the Mis-
sourl River.

The first consistent discoveries of fossils in the West were a by-
product of the fur trade and were collected by people linked to the se-
ries of trading forts that sprang up along the frontier, sustained by the
activities of the fabled trappers known as mountain men. When the first
steamboat ascended the Missouri River as far as the Yellowstone River
in 1831, a new era began, and by the 1840s enough people had pene-
trated mto the West for hints of amazing fossil beds to find their way
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back east. By 1853 Dr. Joseph Leidy of Philadelphia had enough mate-
rial at hand to write the first treatise on western fossil reptiles and mam-
mals. And that, in turn, stimulated further efforts.

Although significant discoveries were being made, there still re-
mained the material problem of getting out to the sites and bringing the
specimens back. Collecting was greatly stimulated in 1853, when Con-
gress authorized the surveying of routes for east-west transcontinental
railroads. The surveyors consequently set out along the thirty-second,
thirty-fifth, and forty-seventh parallels, as well as another charting a
course between the thirty-eighth and forty-first. Congress authorized
further surveys in 1856 for exploration of the Upper Missouri and Yel-
lowstone Rivers and the route for a wagon road from Fort Riley to
Bridger’s Pass. Eventually five transcontinental railroads were built: the
Northern Pacific, roughly following the forty-fifth parallel, the Union
Pacific along the forty-second, the Missouri Pacific, Denver, and Rio
Grande (Western Pacific) following the thirty-seventh parallel, the Atchi-
son, Topeka, and Santa Fe on the thirty-fifth, and the Southern Pacific
along the thirty-second parallel.

With a significant number of trained surveyors and geologists being
employed on the surveys, the flow of specimens back east increased.
Then, when the West was effectively opened to easy travel from the set-
tled states via the Kansas Pacific and Union Pacific railroad lines, spe-
cialist fossil collectors seized the opportunity. Now, after only a week’s
travel, they could meet up with their army escorts and outfit their expe-
ditions with wagons and horses at places with famous names like Fort
Laramie, Fort Pierre, Fort Wallace, and Fort Bridger. But a new difhi-
culty had to be faced. The Indian tribes, both indigenous and those
forced out from the eastern states, began to contest with one another
and to resist the invasions of farmers and gold miners who, with the
connivance or encouragement of the U.S. government, were dispos-
sessing them of their lands.

By the end of the Civil War, given access by the railroads and pro-
tected by the army, America’s first professional paleontologists—
intensely ambitious men whose behavior was at best idiosyncratic and
at worst simply reprehensible—were intensively active in the western
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fossil fields. One example of the keenness and even bravery (or was it
foolhardiness?) of these men who ventured into the wilder lands of the
West was that in 1876, just a few weeks after the defeat of Custer’s
troops by Sitting Bull at the Battle of the Little Bighorn, Edward
Drinker Cope from Philadelphia was out collecting on the Judith River
in Montana, sure that “since every able-bodied Sioux would be with
Sitting Bull . . . there would be no danger to us.”

But this is not simply a story about fossils and the men who col-
lected them. The story of the discovery and exploitation of the western
fossil fields is in every sense tied directly to, and contingent upon, the
greater history of the opening and population of the American West. Its
context is therefore nothing less than the emergence of the new nation
and a new cultural tradition in the era after the world of Jefferson and
Franklin gave way to a newly populous and restless America. It involves
the early history of exploration of the West, the role of the state and na-
tional geological surveys and economic aspects of geology, the opening
of the West to waves of emigration and development, and the role of
the new railroads. It ends with the announcement of the closing of the
American frontier in 1890, with bone hunting fully launched into its
modern mode of vertebrate paleontology.

The study of fossil vertebrates became the narrative of a uniquely
American science through the intertwining of three threads: a straight-
forward practical empiricism appropriate to a new and rapidly expand-
ing country; the adventure of exploration and discovery and attitudes
toward the land and nature growing out of the Romantic Movement; and
changing ideas about science itself, both nationally and internationally,
as a new professional natural science based in geology emerged out of an
older natural history tradition associated with medicine. In parallel with
all this—as both a cause and a result—grew a changing relationship be-
tween knowledge of fossils and popular religious beliefs, accelerated by
Darwinism.

On one hand, as their field journals, diaries, and letters show, the
story played out as a dialogue between the people and the land they ex-
plored. On the other it is a story of the relationships between individual

personalities and the science they developed. A third theme is more



The Oregon Trail (and others), featuring the principal tributaries of the Missouri River, forts, and migration routes before
1860 (from Robert Ellison, Fort Bridger, Wyoming: A Brief History, 1931)
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literary, concerning the very language that scientists used to describe
their finds and the geological environments of the West, together with
the ways in which books, newspapers, and museums promoted and en-
couraged the new science of paleontology, all leading eventually to the
cult of the dinosaur.



T W O

Big Bone Lick

Great numbers of very large pronged teeth of some vast animals are [found]
which have no resemblance to the molares, or grinding teeth, of any great animal
yet known.

WILLIAM HUNTER, 1769

TheAmerican mastodon was a relative of modern elephants, with enor-
mous curved tusks, and has been described as a fossil that helped shape
America’s sense of nationhood. That would be a unique role for any an-
imal, living or fossil, in any culture, and the idea may be a little over-
stated. It would certainly have seemed so to Mary Draper Ingles.

In 1755, twenty-three-year-old Mary Ingles, with her husband
William<and-sens Thomas, age five, and George, two, were home-
steading on a stretch of western Virginia land called Draper’s Meadows,
high in the Appalachian Mountains near present-day Blacksburg. The
Draper and Ingles families had settled there seven years earlier. It was a
place where buffalo and deer were plentiful, the soil in the river bottom
was productive, and the forests provided an unending supply of fuel.
The settlement stood on a sharp horseshoe bend of the New River, just
before it cut north through the folded mountain ridges to fall, via a se-
ries of gorges, into the Kanawha and thence into the great Ohio River at
what 1s now Point Pleasant. Thus Mary Ingles’s story was played out
beyond the eastern continental divide—on the northwest side of the
Appalachians, in the watershed of the Ohio and the Mississippi. It was,
in 1755, in every sense the contemporary American frontier. Young

Thomas is said to be the first white child born west of the mountains.

10
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This was a time when Buffalo was the biggest western city, and
Pittsburgh was still in French hands and called Fort Duquesne. The
Appalachian frontier was not a place for the faint-hearted, nor one
where political philosophy was nearly as important as sheer survival.
But in fact it was near a major geopolitical epicenter—the earthquake
being the French-Indian wars, a series of conflicts between England
and France that lasted from 1689 to 1763. The last phase of the conflict
began in 1754, at a time when the French controlled the St. Lawrence
River valley, parts of the Great Lakes, and the whole eastern Mississippi
Valley together with their southern lands around the mouth of the Mis-
sissippi. The British possessions in America were all on the Atlantic
seaboard, east of the Appalachians. A huge disputed area lay between
the two; French trappers and traders freely crisscrossed modern Ohio,
and—as with the Draper and Ingles families—there was growing pres-
sure from the east in the form of British-American settlers. The local
Indians played both sides to their advantage, mostly tending to favor
the French.

The Treaties of Utrecht (1713) and Aix-la-Chapelle (1748) had pro-
duced temporary stalemates, but along the Allegheny River in 1753 the
French built a series of forts, which, in the following years, forces under
Lieutenant General George Washington tried to capture. In 1754 Wash-
ington was defeated at Fort Necessity, and in 1755, the year of Mary In-
gles’s tribulations, he and General George Braddock were defeated at
Fort Duquesne (a particularly painful loss, as Washington had tried to
establish a fort there in 1753 but had been driven off then, too). Eventu-
ally, between 1758 and 1760, British-American troops took Louisburg
and Forts Duquesne, Frontenac, Niagara, and Ticonderoga; General
James Wolfe took Quebec; and Lord Jeffrey Amherst took Montreal. In
1763, through the Treaty of Paris, Britain gained all of the French terri-
tory east of the Mississippi, including Ohio and parts of what 1s now
Canada. The result was a massive addition to the territory of the future
United States. On the mainland, France retained New Orleans and the
vast country west of the Mississippi.

For frontier settlers like the Ingles family and their neighbors, the

immediate daily battle had little to do with events in London or Paris.



12 THE JEFFERSONIANS

Instead they were working out a very personal destiny—as settlers in
contested lands and among still uncivilized peoples. But they were
nonetheless a small cog in a mighty machine of westward expansion,
part of the wave of settlers that had started to cross the Appalachians.
In one sense it was people like the Ingles and Draper families, who
wanted to settle on the land rather than simply trap and trade, who in a
sense forced the war. And in a very real respect it was they, as much as
Washington and Braddock’s soldiers, who were on the front line. No
one worked in the fields without a gun ready to hand, because bands of
roaming French and Indians, and even some renegade English “adven-
turers,” were a constant threat.

On Sunday morning, July 8, 1755, a raiding party of Shawnee Indi-
ans descended on the tiny settlement at Draper’s Meadows, killing four,
including Mary’s mother and her brother’s infant son. William Ingles,
who was out in the fields harvesting wheat, rushed to their aid but was
attacked by two Indians who chased him into the woods, where he es-
caped. When it was safe to return to the cabin, he discovered that in ad-
dition to the killings, the Indians had ransacked the place for food and
useful tools and had taken five of the settlers alive. His wife Mary (in
some accounts said to be eight or nine months pregnant), her sister Bet-
tie Draper, with her arm broken by a musket shot, their small sons
Thomas and George, and a man named Henry Lenard had all been
dragged off into the deep forest.! The raid happened the day before
General Braddock’s defeat.

For a month the party of captives traveled through the virgin forest,
until they reached a Shawnee village on the banks of the Ohio where
there was a salt spring, as well as some other English prisoners. The
women were put to work boiling down salt, a valuable trade commodity.
Then further tragedy struck. Both of the Ingles children were taken
away to other, more remote villages, with the older boy, Thomas, end-
ing up near Detroit. Bettie Draper was dragged off by the chief of yet
another camp. Finally, two white traders, Frenchmen, arrived and took
Mary Ingles and an older captive, referred to as “the Old Dutch
Woman” (probably German) even farther into the wilderness. They
trekked another 150 miles west along the Ohio River until, near
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modern-day Cincinnati and a few miles south of the river on the present
Kentucky side, they reached a large encampment of Indians and rene-
gade whites. Here the slavery of the women, naked and brutalized, con-
tinued. And here fossil vertebrates enter the story.

Once again the women were put to work boiling down salt. This
swampy area was another place with sulfurous saline springs; it had for
millennia been a place where animals came for salt. Buffalo were still
common, and in the past many had been trapped in the swamps; their
bones still lay all around. Mixed with the buffalo remains were other
bones also—huge bones, far larger than those from a buffalo. Most of
these giant bones were buried deep in the ground, but the milling buf-
falo had exposed a good number.

The spot was called the Licking Place, or Big Bone Lick, and those
huge bones were fossils, ten thousand years or more old (as we now
know), the remains of a huge species of animal unlike anything alive
today. There were not only giant limb bones, but also tusks that would
have been instantly recognizable to anyone who had ever seen an ele-
phant, and baffling to someone who had not. And scattered in with the
bones and tusks were enormous complex teeth with roots half a foot or
more long and lumpy protuberances on their surfaces.

The Shawnee were very familiar with these giant bones and had
various myths about them, calling their owner le pére des Boeufs (father
of cattle). In their legend, “when the Great Manitou descended to earth
to see if the creatures he had created were happy, the bison replied that
he would be happy in the prairies where the grass grew as high as his
belly, except that he had constantly to be watchful lest the pere des
Boeufs should come down from the mountains in a fury and devour him
and his like.”

Thomas Jefferson, in his Notes on the State of Virginia, reported the
Delaware Indian story that “in ancient times a herd of these tremen-
dous animals came to the Big-bone licks, and began a universal destruc-
tion of the bear, deer, elks, buffaloes, and other animals which had been
created to the use of the Indians. . . . [T]he Great Man above, looking
down and seeing this, was so enraged that he seized his lightning, de-

scended on the earth, seated himself on a neighboring mountain, on a
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rock of which his seat and the prints of his feet are still to be seen, and
hurled his bolts among them till the whole were slaughtered, except the
big bull male, who ... wounded in the side . ..bounded over the
Ohio, over the Wabash, the Illinois, and finally over the great lakes,
where he 1s living at this day.” In another Shawnee legend, these ani-
mals had once lived with a race of equally huge human giants, but God
destroyed those too.

How much attention Mary Ingles, in all her tribulations, would have
paid to the paleontological oddities beneath her feet, we cannot tell.
Simple survival was her first priority, and for weeks on end she endured
the filth of the Indian camp and the abuse of her captors while con-
stantly plotting to escape with the old Dutch woman. By the time the
leaves began to turn, it was obvious that they had to act; their chances of
surviving a winter under those conditions would be minimal. Mary In-
gles was a strong, determined woman, and eventually the Indians came
to trust her to gather nuts, berries, and wild grapes in the surrounding
forest. As soon as the Indians relaxed their guard enough, the two
women slipped out of camp and flitted through the forest as fast and
silently as they could. Their plan was to backtrack Mary’s earlier route,
following the Ohio River east to the Kanawha, and then to head south
through the forest, following the dangerous gorges of the New River.
Through all her appalling forced march westward, Mary Ingles had
kept her wits about her and noted landmarks along the way. At every
moment they had to be afraid both of the Indians who might be pursu-
ing from behind and those into whose clutches they might stumble.

It was early October and they had no weapons or tools except for a
hatchet; they were naked save for a couple of blankets. The food they
could gather was meager, but at least there was plenty of water. Mary
Ingles soldiered onward, knowing that, as long as they survived, the
New River would eventually lead them home. It soon became clear that
the Dutch woman had gone mad. At one point they found a stray horse
in a deserted cornfield, but then they lost it. The Dutch woman fell be-
hind. It was November and cold, but amazingly, after some forty days
and 450 miles, an emaciated Mary Ingles staggered out of the snowy
woods into the fields of her neighbor Adam Harmon. She had found
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her way back to Draper’s Meadows. Days later the Dutch woman wan-

dered 1n on the horse.

Six months after Mary Ingles’s epic escape, and in a distinctly more civ-
ilized place, the French Royal Academy of Sciences in Paris published
a description of a huge tooth that had come from the place where she
had been enslaved—the Big Bone Lick on the Ohio. The author was a
French scholar and mineralogist named Jean-Etienne Guettard. He had
first read his paper to the academy as early as 1752, and the specimen it-
self had been collected as far back as 1739, by a French officer, Lieu-
tenant Charles Le Moyne, second baron de Longueuil.

Longueuil had been based at Montreal and was dispatched south
with a party of men to meet up in present-day Tennessee with a second
French force moving north from New Orleans. Their mission was to
subdue the Chickasaw Indians of the Lower Mississippi Valley. As his
party descended the Ohio River, Longueuil came across the Big Bone
Lick site, which seems then to have been uninhabited (unless he simply
went to a different part of the Licks from where Mary Ingles was later
enslaved). He collected a tusk, a thigh bone (femur), and several of the
huge teeth. When he reached New Orleans, Longueuil arranged to
travel back to Paris and took with him the fossils that he had carefully
preserved since leaving the Ohio. He presented them to the French
royal collection.

Jean-Etienne Guettard concluded that the remains belonged to a
kind of elephant, but he did not know what it could be. What he did
know was that the pére des Boeufs from America was not the only fossil
elephant known to science. For more than a century, travelers’ tales
from Siberia had reported the existence of the remains of giant ele-
phants preserved in the permafrost. These reports were confirmed
when fossil ivory tusks were brought back and skeletons were collected.
This animal was the Siberian mammoth. And indeed, some mammoths
were preserved in the ice with their red woolly fur and meat intact.?

Those Siberian elephant-relatives were already a great puzzle.

Modern elephants live in warm climates, but the Siberian mammoths
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were found in a very cold region where it seemed impossible that they
could have lived and thrived. Over the next century, however, other
kinds of normally warm-climate mammals, such as the rhinoceros, also
turned up in deposits from the Arctic. What seemed more certain, how-
ever, was that no Siberian mammoths still lived. Now there were addi-
tional questions to add to the problems they presented. Not only had a
second kind of fossil elephant been found, also living in a cold-
temperate rather than a tropical climate, there was the issue of whether
the European mammoth and the new American beast were one and the
same species. And was the animal represented by the bones at Big Bone
Lick still living somewhere in the North American wilderness?

In 1764 the French physician and naturalist Louis-Jean-Marie
Daubenton restudied the bones that Longueuil had collected from Big
Bone Lick, comparing them with those of a modern-day elephant and a
fossil mammoth from Siberia. He used side-by-side comparisons of

their leg bones and concluded that the three were so similar to each

Mastodon molar tooth (from Peter Collinson, “An Account of Some Very

Large Fossil Teeth, Found in North America,” Philosophical Transactions
of the Royal Society, vol. 57 [1768])
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other that they must come from the same species. But since the teeth
from Big Bone Lick were very different from those of either a mammoth
or a living elephant, he concluded that they indicated the presence of a
second kind of large mammal. His conclusion was that the big grinders
(molar teeth) from the Ohio probably came from a hippopotamus.

For the next hundred years or so, the teeth of what came to be called
the “American incognitum” (American unknown) continued to be a puz-
zle. It seemed unlikely that they came from a hippopotamus; no remains
of a hippo had ever been found in the Americas. The incognitum should
have been some sort of elephant, but the teeth of the living elephants
and the mammoth both have many parallel cross ridges for milling plant
food, whereas the Big Bone Lick teeth had lumpy surfaces as if for
crushing rather than grinding. To some authorities, therefore, they al-
most looked as though the animal was a carnivore. Herbivore or carni-
vore, one species or two, the bones from Big Bone Lick turned out also
to be much more than just a scientific puzzle; its resolution turned out to
play a role in the development of the myths of American nationhood.

As numbers of fossil remains from Big Bone Lick continued to be
picked up by travelers and would-be settlers along the Ohio River,
many found their way to European collections, especially in Britain.
Scholars were fascinated by them. The New World was a place of
tremendous interest anyway, but these huge fossil teeth seemed to be
evidence of yet a further world, an ancient world that preceded our own
and was populated by different creatures, unless of course the giant
creatures to which those teeth belonged were actually still alive. Either
way, extinct or alive, it was a scientific sensation.

As the fossils became better recognized, it turned out that travelers
had collected such specimens at the Big Bone Licks quite frequently since
the 1740s. Evidently specimens were to be found over quite a wide geo-
graphical area, rather than a single small site. One early collector was a
man called Christopher Gist, who is most famous for having been a scout
and aide to Major George Washington on a journey through the western

wilderness in 1753 to treaty (fruitlessly) with the French command near
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Lake Erie. Before the hostilities of the French and Indian Wars began,
Gist had been employed as an agent for the Ohio Company (a consortium
of English and Virginian interests), charged with surveying the land as far
west as the “falls of the Ohio,” and advising on the state of the Indian
tribes. On his first visit to the Ohio Valley, he reported: “This Ohio coun-
try 1s fine, rich, level land, well-timbered (and full of ) meadows abound-
ing with turkeys, deer, elk, and most sorts of game, particularly buffaloes.
In short, it wants nothing but cultivation to make it a most delightful
country.” Such country was ripe for what we today call development: the
Ohio Company wanted to buy the land from the British and sell it in
parcels to settlers like the Draper and Ingles families. That would first
mean dealing with the Indians; if they would not agree to treaties in which
they gave up their lands, they would have to be forced to move. The
French wanted the same sorts of treaties. All sides knew that the Indians
would resist.

In 1751 Gist made his journey west by going directly overland,
crossing the mountains to the Miami River, where he succeeded in mak-
ing a temporary alliance with the Miami Indians, to the exclusion of
French emissaries on the same mission. He returned to the East Coast
via the Ohio River. Traveling upriver on horseback, he came to the Big
Bone Lick site, or at least came near enough to it to have been given two
teeth by alocal trader named Robert Smith. Gist gave one of these teeth
to the Ohio Company. In all probability that specimen found its way to
London.

Perhaps the most significant early collections of fossils from Big
Bone Lick were made by yet another person involved with the press
to open up lands west of the Alleghenies to British-American settlers.
George Croghan was an enterprising (and not always overly scrupu-
lous) Irish trader, explorer, and land speculator who had traveled all
over the western lands (Ohio and Illinois) since 1746. Because of his fa-
miliarity with the country and ability to negotiate with the Indian peo-
ple, Croghan was often very useful to the British and Pennsylvanian
governments as they tried to make treaties with the Indians. Benjamin
Franklin, for example, dealt with Croghan in 1756 while serving on a

commission attempting to get a fort built at Carlisle in southwestern
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Pennsylvania.* In 1756 Croghan was formally employed by Sir William
Johnson, the king’s superintendent of Indian affairs, to find ways of
opening up the Illinois country.

With the conclusion of the French and Indian War in 1763, the
long-sought settlement of the western lands of Ohio and Illinois
seemed possible, as long as some kind of accommodation could be
achieved with the Indians. As Croghan had married a high-ranking Mo-
hawk woman (“head of the Turtle Clan”), he was ideally suited to treat
with the Iroquois, or Six Nations (a league consisting of the Mohawks,
Oneidas, Cayugas, Senecas, Onondagas, and Tuscaroras). His travels
to lay the groundwork for treaties with Indian nations took him as far
west as Detroit, and he wrote back to Franklin and others, time after
time, about the importance of making a fair settlement with the Indians
lest a terrible new set of hostilities break out. In a somber foreshadow-
ing of discussions that would take place a hundred years later, and con-
cerning territory a thousand miles to the west, Croghan was heavily
involved in negotiations for the establishment of a boundary zone be-
tween the British settlers and the Indian lands, “fixed as far back as the
Ohio,” that would create “a sufficient extent of Land for Colonization,
and put an End to dangerous Disputes, respecting our Frontier Peo-
ple’s hunting, on their Ground.”> Meanwhile the number of hostile in-
cidents grew and the Shawnee, Delaware, and Six Nations were steadily
pressured to flee westward.

Croghan was at the Big Bone Lick site as early as 1762, traveling
with a Philadelphia trader named Joseph Greenwood, a man who had
explored the Ohio country extensively for Thomas Penn (colonial pro-
prietor of Pennsylvania and son of the founder William Penn) ten years
before and had created a map from his travels. He sent news about the
Big Bone Lick to the London wool merchant Peter Collinson, a keen
student and collector of natural history who had long since appreciated
the range of natural wonders that could be found in the Americas.
Collinson’s many business interests in the New World kept him fully in-
formed on political matters in the colonies.

Collinson was also the principal patron of the Philadelphia botanist
John Bartram. As aleading light in early American science, Bartram was
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a friend of many of the great men like Benjamin Franklin, who, legend
has it, conducted his kite experiments in the meadow next to Bartram’s
house.® Bartram, one of the greatest botanists and explorers of the age,
traveled quite fearlessly on horseback across the Alleghenies in periods
when the Indian tribes were relatively quiescent. He was responsible for
getting two to three hundred native American plants into cultivation,
and introducing fifty or more to Europe, through Collinson.”

Croghan and Greenwood’s explorations fired Collinson’s interest
in the creature from Ohio. He wrote to Bartram on June 11, 1762, asking,
among other things, for “some more particular observations of the
Great Buffalo. Their bones or skeletons are now standing in a licking-
place, not far from the Ohio, of which I have two of their teeth. One
GREENWOOD, an Indian trader, and my friend GEORGE CROGHAN, both
saw them, and gave me relation of them; but they omitted to take notice
of what hoofs they had, and what horn. These two material articles
known, would help to determine their genus or species. Prithee, inquire
after them, for they are wonderful beyond description, if what is related
of them may be depended upon. I heartily wish to be informed of them,
and the place they were found in.”®

On July 25 the impatient Collinson wrote again: “I forget if I ever
mentioned two monstrous teeth I had sent me by the Governor of
Virginia. . . . One other has Dr Fothergill, and T. Penn another. One
Greenwood, well known to B. Franklin, an Indian trader Knocked some
of the teeth out of their jaws; and George Croghan has been at the
licking-place, near the Ohio, where the skeletons of six monstrous ani-
mals were standing, . . . the Indian tradition is, that the monstrous Buf-
faloes (so called by the Indians) were all struck dead with lightning at
this licking-place. But is it likely to think all the race were here collected,
and extinguished at one stroke?”?

Bartram had never ventured as far as the Big Bone Lick himself, but
during 1761 and 1762, as part of a long collecting foray westward, he
was based in Fort Pitt (as Fort Duquesne had become). Colonel Boquet
at Fort Pitt had told Bartram of receiving from traders an elephant’s
tooth, weighing six and three-quarter pounds, and a large piece of tusk.

Bartram was also shown specimens that had been brought in by Indi-
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ans. When Collinson sent his inquiry, Bartram wrote to his friend James
Wright, a Quaker naturalist in Susquehanna, a small town in western
Pennsylvania, inquiring what he knew about the place where the bones
came from.

Wright reported that he had talked with “two Sencible Shawanese
Indians who described the place where such bones could be found.”
They had said that “there appear to be the remains of 5 Entire Scele-
tons, with their heads All pointing towards Each other.” The animals
had been huge, the size of a house. The Shawnee also recounted what
seems to be one of the earliest versions of the Indian legends about the
great beast to which the bones belonged. No one had ever seen the crea-
tures alive, but in their tradition there had been a race of men in older
times who were equally giant in stature and who had hunted them.
“They had seen Marks in rocks, which tradition said, were made by
these Great and Strong Men, when they sate down. . . . [W]hen there
were no more of these strong Men alive, God Killed these Mighty Crea-
tures.”’

Bartram wrote rather acidly to Collinson: “As for these monstrous
skeletons on the Ohio, I have wrote thee largely, just before I set out for
Caroline, and since my return. But by thy letter thee seems to think the
skeletons standing in the posture the beasts stood in when alive, which
1s impossible. The ligaments would rot, and the bones fall out of joint,
and tumble confusedly on the ground. But it’s a great pity, and shame to
the learned curiosos, that have great estates, that they don’t send some
person that will take pains to measure every bone exactly, before they
are broken and carried away, which they will be soon, by ignorant, care-

less people, for gain.”"

In 1765 George Croghan made another exploring and trading expedition
from Fort Pitt, down the Ohio and thence west. On May 31 he came to the
Big Bone Lick, but he did not mention any Indian camp in his diary. “We
passed through a fine timbered clear wood . . . into a game road which
buffaloes have beaten, spacious enough for two wagons to go abreast, and
leading straight into the Lick. It appears that there are vast quantities of
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these bones lying five or six feet under ground, which we discovered in
the bank, at the edge of the Lick. We found here two tusks above six feet
long; we carried one, with some other bones, to our boats.”*

Fully aware of the importance of the bones, Croghan collected
them carefully and headed farther down the Ohio. However, he fared
little better than Mary Ingles. A week later a “group of Kickapoos and
Musquattimes” attacked his party, killing five of them and taking the
rest captive, including Croghan himself. “I got the stroke of a hatchet
on the head . . . but my skull being pretty thick, the hatchet would not
enter.” Eventually, Croghan was released by the rival “Pondiacs,” but
he had lost everything, including the fossils. Not one to be deterred eas-
ily, a year later he was back at Big Bone Lick, this time with an army es-
cort. Also traveling with Croghan on this trip were Ensign Thomas
Hutchins (who later became the maker of important early maps of the
American midwest) and a trader from Philadelphia named George Mor-
gan. Morgan, at least, traveled in some style, taking with him “Gun, Pis-
tols, Sword, Spy Glass, Speaking Trumpet, Pipes, Tea Chest, Compass,
Pen & Ink & Chest of Drawers.”

Like Longueuil before him, Croghan’s route this time eventually
took him all the way down to New Orleans, from where he shipped
some of his fossils to London. On February 7, 1767, he sent Lord Shel-
burne “two of the largest tusks, or teeth, one whole and entire, above
six feet long, the thickness of common elephants teeth of that length
[and] Several very large forked or pronged teeth; a jaw-bone, with two
of them in it.” Shelburne was minister for the colonies in the British
government; his influence became crucial in the issuing of land grants
for the settlement of the West.

Croghan sent a bigger parcel of specimens to Benjamin Franklin,
who was then in London as representative of the Pennsylvania Assem-
bly. As later reported by Collinson to the Royal Society, Franklin re-
ceived “four great tusks, of different sizes; One Broken in halves, near
six feet long; one much decayed, the center looks like chalk or lime. A
part was cut off from one of these teeth, which has all the appearance of
fine white 1vory. [Also] a joint of the vertebrae; Three of the large

pronged teeth; one has four rows of fangs.”
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Around this time another set of bones from Big Bone Lick ap-
peared in the collection of the Tower of London. It 1s unclear who col-
lected these or how they came to be in London, unless they were
obtained from Croghan and Greenwood in 1762. In his list of speci-
mens sent to Shelburne and Franklin, Collinson noted the existence of
yet more fossils: “Captain Owry, an Officer who served in the country
during the last war, now living at Hammersmith, hath a small tusk, as if
of a calf elephant, the surface of a fine shining chestnut colour, and a re-
cent look; and a great pronged tooth, larger than any of the above,
which were brought from the same licking place.” But still no one could

be sure what the Ohio animal was, or whether there were two different

kinds.



T H R E E
Franklin, Jetterson,
and the Incognitum

In"a letter to Croghan, thanking him for the mastodon specimens,
Franklin observed:

They are extremely curious on many accounts; no living ele-
phants having been seen in any part of America by any of the
Europeans settled there, nor remembered in any tradition of
the-Indians. It is also puzzling to conceive what should have
brought so many of them to die on the same spot; and that no
such remains should be found in any other part of the conti-
nent, except in that very distant country Peru, from whence
some grinders of the same kind formerly brought, are now in
the museum of the Royal Society. The tusks agree with those of
the African and Asiatic elephant, in being nearly of the same
form and texture; and some of them, notwithstanding the
length of time they must have lain, being still good 1vory. But
the grinders differ, being full of knobs, like the grinders of a car-
nivorous animal; when those of the elephant, who eats only veg-
etables, are almost smooth. But then we know of no other
animal with tusks like an elephant to whom such grinders might
belong. It is remarkable, that elephants now inhabit naturally

only countries where there is no winter, and yet these remains

24



FRANKLIN, JEFFERSON, AND THE INCOGNITUM 25

are found in a winter country; and it is no uncommon thing to
find elephant’s tusks in Siberia, in great quantities, when their
rivers overflow, and wash away the earth, though Siberia is still
more a wintry country than that on the Ohio; which looks as if
the earth had anciently been in another position, and the cli-

mates differently placed from what they are at present.'

One can scarcely imagine any American more likely to have interest-
ing insights about the remains of the giant animal from the Ohio than the
polymath Franklin. The breadth of Franklin’s scientific interests was al-
ready legendary. With his accomplishments as one of the leading inven-
tors, experimenters, observers, and theoreticians of the Enlightenment,
not only was Franklin bound to be keenly interested in the incognitum,
he would inevitably have something interesting and new to contribute.
From the very first, Franklin made the eminently sensible assumption
that all the bones had come from a single species, rather than two. In his
letter to Croghan, although the bones had been in his possession for only
a few weeks, he had seized upon all the questions that would dominate
scientific discussion for the next fifty years. Was this animal now extinct?
What was a kind of elephant doing in America? What did the occur-
rence of an elephant tell us about ancient climates and the history of the
earth? What kind of elephant was it? How was it related to the European
mammoth and was it an herbivore or a carnivore?

Franklin was also mistaken in two respects. As noted already, sev-
eral American Indian tribes had a traditional knowledge of these crea-
tures, although of course they did not know to identify or describe
them as “elephants.” As for his statement that “no such remains” had
been found elsewhere on the continent, there were at least two prior ex-
amples. In 1743 the pioneering naturalist and artist Mark Catesby had
noted that “at a place in Carolina called Stono [presumably the present
Stono River] was dug out of the earth three or four Teeth of a large an-
imal, which, by the concurring opinion of all the Negroes, native
Africans, . . . [were] the Grinders of an elephant.”

This animal was probably not a mastodon but a mammoth (or the
Africans would not have so readily identified the teeth). And, as far back
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as 1705, bones similar to those subsequently found at Big Bone Lick had
been discovered in New York State, on the banks of the Hudson River.
News about them spread and, on learning about them from Governor
Joseph Dudley of Massachusetts, Rev. Cotton Mather (always referred
to as the eminent divine—“divine” being used as a noun) wrote describ-
ing them to Dr. John Woodward and Richard Waller at the Royal Soci-
ety in London. They in turn reported to the Royal Society, in what may
be the first published account of a fossil vertebrate from North Amer-
ica, Mather’s account of

a Tooth brought from the Place where it was found to New
York, 1705, being a very large Grinder, weighing 4 pounds and
three quarters, with a Bone, suppos’d to be a thigh-bone, 17
footlong. He also mentions another Tooth, broad and flat like a
fore-tooth, four Fingers broad. . . . He then gives a description
of one, which he resembles to the Eye Tooth of a Man; he says
it has four Prongs, or Roots, flat, and something worn on the
top it was six inches high lacking one eighth, as stood upright
on its Root, and almost thirteen inches in circumference; it
weigh’d two pounds four ounces Troy weight. There was an-
other near a pound heavier found under the Bank of Hudson’s
River, about fifty leagues from the Sea, a great way below the
surface of the earth, where the Ground is of a different Colour
and Substance from the other Ground, for seventy five Foot
long, which they suppose to be from the rotting of the Body, to

which these Bones and teeth did, as he supposes, once belong.’

Woodward also noted: “It were to be wished the writer has given an ex-
act figure [drawing] of the Teeth and Bones.” But the original discover-
ers of the remains had made a very modern observation in noting the
shadow of decayed soft tissues from the carcass around the bones.
Evidently, if Franklin was aware of Cotton Mather’s report, he
failed to make the connection to the Big Bone Lick remains. Franklin
was in any case more concerned with asking informed questions about

the incognitum than making descriptions of its anatomy.
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Franklin did, however, mention a key anatomical detail—the knob-
biness of the teeth—that finally led to the naming of the animal more
than thirty years later. Describing the American incognitum in 1799, the
French zoologist Baron Cuvier coined the term “mastodonte.” This
name referred to the resemblance of the knobs on the teeth to small
breasts, as in the dugs of a pregnant bitch, and from this came the name
by which we now know the creature: mastodon. (The Latin root of
mast-o-don, or breast-tooth, will therefore be familiar from such terms
as mastectomy and mastitis.) The formal name of the mastodon is
Mammut americanum, this name having been bestowed by the German
scientist Johann Friedrich Blumenbach, also in 1799, when it was still

thought to be a kind of European mammoth.

With the arrival of Croghan’s specimens in London the focus of discus-
sion concerning the American mastodon had definitely shifted from
Paris to that city. Very shortly after they arrived, Bartram’s patron Peter
Collinson delivered two short papers (published the following year)
about the bones collected by Croghan, at meetings of the Royal Society.
He compared the tusks with those of elephants and noted the obvious
similarities but, like Daubenton and contrary to Franklin’s view, thought
the teeth told a different story. He reverted to the view that two different
animals were represented. “As the biting or grinding teeth, found with
the others, have no affinity with the molars of the elephant, I must con-
clude that they, with the [tusks], belong to another species of elephant,
not yet known; or else that they are the remains of some animal that hath
the [tusks] of the elephant, with large grinders peculiar to that species,
being different in size and shape from any animal yet known.”*

Like Franklin, Collinson puzzled over the existence of an elephant
(the owner of the tusks) and the other elephant-like creature (the owner
of the teeth) in North America. “As no living elephants have ever been
seen or heard of in all America, since the Europeans have known that
country, nor any creatures like them; and there being no probability of
their having been brought from Africa, or Asia; and as it 1s impossible
that elephants could inhabit the country where these bones and teeth
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are now found, by virtue of the severity of the winters, it seems incom-
prehensible how they came there.” The only possibility, which
Collinson found unconvincing, was that they had been carried north by
Noah’s Flood: “By the violent action of the winds and waves, at the time
of the deluge, these great floating bodies, the carcasses of drownd ele-
phants, were driven to the Northward, and, at the subsiding of the
waters, deposited where they are now found. But what system, or hy-
pothesis, can, with any degree of probability, account for these remains
of elephants being found in America, where those creatures are not
known ever to have existed, is submitted to this learned Society.”

Collinson was not persuaded, however, that the mastodon was a
carnivore: “the heavy unwieldy animals, such as elephants, and the rhi-
noceros, &c. are not carnivorous, being unable, from want of ability
and swiftness, to pursue their prey, so are wholly confined to vegetable
food; and for the same reason, this great creature, to which the teeth be-
long, wherever it exists, 1s probably supported by browsing on trees
and shrubs and other vegetable foods.”

Within months, the great English anatomist William Hunter pre-
sented to the Royal Society a different account based on Croghan’s
material from Big Bone Lick. His methods were sound. He had had ex-
pert ivory dealers examine the tusks, and they assured him that they
were made of true ivory. He also compared the teeth and lower jaws of
the elephant and the mastodon in the same way that Daubenton had
compared limb bones. Whereas Daubenton saw all the similarities in
the limb skeletons, by focusing on the teeth Hunter saw all the differ-
ences. He concluded that what he called the “American incognitum”
was “an animal different from the Elephant,” and that the tusks and
teeth had come from a single species. Confusingly, however, he fol-
lowed that by expressing the opinion that it was “probably the same as
the Mammouth of Siberia.” By this he must have been assuming that
the evident differences in the teeth were simply the result of variation
within a species.> Hunter, however, came down on the side of the the-
ory that whatever the creature had been, it was “some carnivorous ani-
mal, larger than an ordinary elephant.” He concluded by remarking
that “if this animal was indeed carnivorous, which I believe cannot be
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doubted, as men we cannot but thank Heaven that its whole generation
is extinct.”

Hunter did not believe the theory that the remains of the mammoth
and the mastodon had been transported to northern regions by the Flood.
Rather, he adopted the view of a small but growing number of geologists
about the ever-changing history of the earth. The existence of the
mastodon, for Hunter, “seemed to concur with many other phenomena, in
proving, that in former times some astonishing change must have hap-
pened to this terraqueous globe; that the highest mountains, in most coun-
tries now known, must have lain for many ages in the bottom of the sea;
and that this earth must have been so changed with respect to climates, that
countries, which are now intensely cold, must have been formerly inhab-
ited by animals which are now confined to the warm climates.”

The studies of Collinson and Hunter evidently made Benjamin
Franklin rethink the problem of the mastodon, and he was now inclined
to change his mind about the animal being a carnivore. In 1768 he sent
one of the teeth from Big Bone Lick to his friend the Abbe Jean-Baptiste
Chappe d’Auteroche in Paris and asked his opinion. Chappe was an
astronomer and an expert on Siberia and therefore had first-hand
knowledge of the European mammoth. Franklin wrote: “Some of Our
naturalists here . . . contend that these are not the Grinders of Ele-
phants but of some carnivorous Animal unknown, because such Knobs
or Prominences on the Face of the Tooth are not to be found on those
of Elephants, and only, as they say, on those of carnivorous Animals.
But it appears to me that Animals capable of carrying such large heavy
Tusks, must themselves be large Creatures, too bulky to have the Activ-
ity necessary for pursuing and taking Prey, and therefore I am inclin’d
to think those Knobs only a small Variety. Animals of the same kind and
Name often differing more materially, and that those Knobs might be
useful to grind the small Branches of Trees, as to chaw Flesh. However,
I should be glad to have your opinion, and to know from you whether
any of the kind have been found in Siberia.”®

Franklin’s argument had two strands: he explained the shape of the
“Knobs” as functioning for grinding plant material—as Collinson had
suggested. And he followed Hunter in the notion that the differences
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between the teeth of the mastodon and the mammoth were due to indi-
vidual variation—then still very much an unknown subject. That is to
say, they were merely localized variants of the same animal, adapted for
different diets. Chappe’s reply to Franklin has been not been preserved.
But the “carnivore” idea would not die.

If Franklin was one American intellectual heavyweight of the eighteenth
century, the other was obviously Thomas Jefferson. Like Franklin, he was
both a practical man (surveyor, architect, inventor, farmer, and states-
man) and passionately interested in philosophy. Throughout his life he
had a keen interest in minerals and fossils. He eventually kept an array of
specimens from Big Bone Lick in the entrance hall of Monticello.

In 1781, Jefferson set out to amass examples of the richness—and
(where possible) the sheer brute size—of American wildlife for his
Notes on the State of Virginia, a book intended (as we shall see more
fully in the following chapter) to counter French claims that animal life
in America was inferior to that of Europe.”

If anything would show that American fauna included beasts larger
and more ferocious than anything in Europe, the mastodon would do it.
Obviously it would have helped Jefferson’s cause if the mastodon had
been a carnivore. He did not directly claim this, but instead offered the
slightly circumspect statement that the “tradition of the Indians” was
“that he was carnivorous.”

In his discussion of the mastodon Jefferson allowed himself some
wonderfully sarcastic comments about scholars like Daubenton and
Collinson who thought that the grinders belonged to a different species
from the tusks, and he dismissed the notion that the teeth from Big
Bone Lick belonged to a hippopotamus. “It will not be said that the hip-
popotamus and elephant came always to the same spot, the former to
deposit his grinders, the latter his tusks and skeleton. For what became
of the parts not deposited there? We must agree then, that these re-
mains belong to each other.” And since the hippopotamus does not
have tusks, then obviously the creature was not a hippopotamus.

Jefferson’s second conclusion was: “That this is not an elephant, I
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think ascertained by proofs equally decisive.” Rather, the mastodon
was genuinely something very new and different in science. Always
looking for examples of the superiority of the American fauna com-
pared with that of Europe, Jefferson wrote: “The skeleton of the mam-
moth (for so the incognitum has been called) bespeaks an animal of five
or six times the cubic volume of an elephant, as Mons. de Buffon has
admitted, . . . [with] grinders five times as large ... square ... the
grinding surface studded with four or five rows of blunt points.”

But Jefferson followed a very conventional argument concerning the
presence of the mastodon on the Ohio: “from the known temperature
and constitution of an elephant, he could never have existed” at the lat-
itude where these fossils had been found. Therefore, Jefferson argued,
anyone who thought that the elephant and the mastodon were the same
must believe either that an elephant could survive the cold winters of
North America, or (with Hunter) that the earth had once been much
warmer than it is now, with places like Ohio having been tropical in cli-
mate. Jefferson was not ready to accept either of those conclusions.

Jefferson arrived at the opinion that the mastodon was an animal
“resembling the elephant in his tusks and general anatomy, while his na-
ture was in other respects extremely different.” Nature seemed to have
drawn “a belt of separation between these two tremendous animals”
and around the globe had assigned the elephant to the south of a zone
between about thirty and thirty-six degrees north latitude, and the
incognitum to the north. However, the theory that the biblical Flood
had deposited mastodon bones on the Ohio and the mammoth in
Siberia was far too convenient (and pious) to die easily. John White-
hurst, in An Enquiry into the Original State and Features of the Earth
(1792), wrote: “The great assemblage of bones discovered upon the
banks of the river Ohio, have been described, with much reason, to the
effects of a deluge of water gradually rising, from which the animals fled
for safety into a small spot of ground; but the water increasing upon
them, reduced the larger animals to the necessity of trampling down the
smaller for their own preservation. But after every possible effort to pre-
serve their own lives, the largest and the most powerful of them per-

1shed with the smaller and weaker animals: for the heap of bones is thus
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circumstanced, the bottom thereof is composed of the smaller, and the
upper part of the larger and most powerful animals.”

Although the fossils from Big Bone Lick represented a being that was
unknown anywhere else in the world (unless it was merely a variant of the
Siberian mammoth), still no American scholar had made a formal study of
the beast. In 1786, however, an anonymous article in Columbian Magazine
described “a thigh bone, part of a jaw, with the grinders, and part of a
tusk” that had been collected in Ohio by a Major Craig, and put on exhibi-
tion in the library of the American Philosophical Society in Philadelphia.
The anonymous author was a fervent biblical creationist (to use a modern
term), and he assumed that Noah’s Flood had brought all the remains to-
gether at Big Bone Lick. But he took exception to Hunter’s observation
about the incognitum being extinct: “This . . . I apprehend, conveys an
idea injurious to the Deity; who, at the creation, wanted neither foresight to
discover how detrimental so powerful an enemy must prove to the human,
as well as animal race, or benevolence to prevent the evil.”®

Soon thereafter the Philadelphia judge and naturalist George
Turner wrote a rather sparse and highly conjectural account that did
little to move things forward. His whole essay was centered around
Hunter’s insistence that the mastodon was “some huge carnivorous ani-
mal.” He therefore distinguished the mastodon as a separate species
from the herbivorous Siberian mammoth. Furthermore, “I have often
expressed a belief, that whenever the entire skeleton should be found, it
would appear to have been armed with claws.” Turner had no problem
with the concept of the mastodon being extinct: “In my mind it is highly
probable, that both species of incognita in question, have long since
perished. . . . The benevolent persuasion, that no link in the chain of
creation will ever be suffered to perish, has induced certain authors of
distinguished merit [this was a thinly disguised jibe at Thomas Jefferson
and the British zoologist Thomas Pennant| to provide a residence for
our Mammoth in the remote regions of the north. Some of the North
American Indians also believe in the now existence of this animal.”°

Turner had evidently visited the Big Bone Lick site, where he found
a “Stratum of bones of the buffalo and other smaller animals. . . . But,

judge of my surprise, when attentively examining them, I discovered,
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that almost every bone of any length had received a fracture, occasioned,
most likely, by the teeth of the Mammoth, while in the act of feeding on
his prey.” This allowed Turner to indulge in flights of fancy no one else
had risked. “May it not be inferred, that as the largest and swiftest
quadrupeds were appointed for his food, he necessarily was endowed
with great strength and activity?—that, as the immense volume of the
creature would unfit him for coursing after his prey through thickets and
woods, Nature had furnished him with the power of taking it by a mighty
leap?—That this power of springing to a great distance was requisite to
the more effectual concealment of his bulky volume while lying in wait
for prey? The Author of existence is wise and just in all his works. He
never confers an appetite without the power to gratify it.”

To explain that the mastodon was nonetheless apparently extinct,
Turner produced a new and interesting argument: “With the agility and
ferocity of the tiger; with a body of unequalled magnitude and strength,
it 1s possible the Mammoth may have been at once the terror of the for-
est and of man! And may not the human race have made the extirpation
of this terrific disturber a common cause?”

Two years later, Georges Cuvier in Paris, beyond argument the great-
est zoologist and paleontologist of his age, brought the discussion back to
the realm of observable facts and rational conclusions, settling the matter
of the identity of the mastodon once and for all. To us it seems common-
sensical. There were three kinds of elephants, he concluded: the living ele-
phants (the African and Asian species); the so-called Siberian mammoth,
which actually had a range that included North America ( just to confuse
things, there were true mammoth remains at Big Bone Lick in addition to
the mastodon); and finally there was the American mastodon, found in the
northern parts of North America but nowhere else. They were all “ele-
phants” and all were herbivorous, the mastodon feeding on much rougher
plant material than the others. The mammoth and the mastodon had been
physiologically adapted to live in cold climates, and they were both extinct.
These conclusions were all very simple and straightforward, but not neces-
sarily easy, however, for many people to accept.”" More dangerously, they
signified that the earth was not a fixed set of structures with a single un-

varying population of organisms, but that all was subject to change.



F O UR
Jefterson’s “Great-Claw” and a

World About to Change

Before thetdiscovery of the giant, apparently extinct, mastodon from
Big Bone Lick established America as a place of importance in the
study of fossils, all serious intellectual work concerning fossil verte-
brates had'been conducted by European scholars. Then in 1797, a sec-
ond set of ancient oversized bones, together with the energy of Thomas
Jefferson, completed the launching of American paleontology. The
American-frontier had shifted well westward from its position in Mary
Ingles’s day. The whole of Virginia, including much of what later became
West Virginia, was settled. At a meeting of the American Philosophical
Society in Philadelphia—the U.S. equivalent of London’s Royal Society—
Jefferson announced the discovery of some large fossil bones in a cave be-
ing mined for saltpeter in “western Virginia” (Greenbrier County, now in
West Virginia). His account of them was published by the society in 1799.
He could not be sure just to what species, or even to what group, the ani-
mal belonged. “These bones only enable us to class the animal with the
unguiculated quadrupeds” (which simply means animals with claws), he
reported, and then continued: “and of these the lion being nearer to him
in size, we will compare him with that animal.”

The bones, lying today in a drawer at the Academy of Natural Sci-
ences in Philadelphia, are, at first, unprepossessing—merely some limb

and toe bones—there is no skull or teeth. But they are indeed very large
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and, from the great curved talonlike last segments of the toes, it is clear
that the animal evidently had possessed massive claws. And Jefferson
was right: not only had the whole animal, whatever it was, been huge: it
was unlike anything known to be living in North America.

Jefferson never came out and said that his great-claw was a lion, but
it is clear that he really wanted it to be just that: a huge American kind of
lion.* “We may safely say that he was more than three times as large as
the lion: that he stood pre-eminently at the head of the column of
clawed animals as the mammoth stood at that of the elephant, rhinoc-
eros, and hippopotamus, and that he may have been as formidable an
antagonist to the mammoth as the lion to the elephant.” To establish the
superior size of the animal, Jefferson presented tables of comparative
measurements, made possible by the relatively recent detailed descrip-
tions of the lion by French zoologists.

Jefferson measured the largest claw at 7.5 inches—huge compared
with that of a lion at 1.41 inches—but he lacked the technical knowledge
to make a full anatomical description and in any case was more inter-
ested in what the fossils might mean. In particular: “A difficult question
now presents itself. What is become of the great-claw? Some light may
be thrown on this by asking another question. Do the wild animals of
the first magnitude in any instance fix their dwellings in a thickly inhab-
ited region? Such, I mean, as the elephant, the lion, the tyger? As far as
my reading and recollections serve me, I think they do not: but I hazard
the opinion doubtingly, because it is not the result of full enquiry.”

With this bit of rhetoric, Jefferson was not leading into a philosoph-
ical discussion of extinction; instead he was heading toward one of his
favorite subjects, arguing that the great-claw, like the mastodon, might
still live in, or have recently migrated from, the eastern forests. It could
probably be found still in the great continental hinterland—“Our entire
ignorance of the immense country to the West and North-West, and of
their contents, does not authorize us to say what it does not contain.”
Jefferson saw the trans-Mississippi country, although still belonging to
the French, as logically being part of one great American nation.

In the same volume of the Transactions of the American Philosoph-

weal Society for 1799 that Jefferson’s paper was printed, the great physician
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and anatomist Caspar Wistar, his colleague and successor as president
of the society, wrote a scholarly analysis and description of the bones of
the great-claw, among other things gently correcting Jefferson’s mea-
surements.? (Jefferson had used “a slip of paper” to take off the dimen-
sions; Wistar used proper surgeon’s calipers.) Wistar was a distinguished
physician and could describe the remains in formal anatomical terms
and, even more importantly, could write about them as part of a living
animal. His study has rightly been called the beginning of technical pa-
leontology in America.4

In a brilliant piece of scientific deduction, Wistar read the bones
for what they told him about the behavior of the beast. He used a
forensic approach to describing the bones that allowed him to make
reconstructions of the life of the animal that extended far beyond the
layman’s vocabulary of “ferocious” and “formidable.” This approach
quickly became one of the main elements of all investigative paleon-
tology and was something that could be done much more effectively
and extensively with a vertebrate, with its complex skull, teeth, and
limb bones, than something as apparently simple and featureless as a
fossil shell.

“From the shortness of the metacarpal [wrist] bones, and the form
and arrangement of the other bones of the paw, and also from the form
of the solitary metatarsal [foot] bone, it seems probable that the animal
did not walk on its toes, ¢t s also evident that the phalanx was not re-
tracted.” Wistar’s italics emphasize that this was not a lion, which, like a
domestic cat (but unlike, say, a dog), could withdraw its claws. He con-
tinued: “The particular form of [phalanx] No.2, and its connection
with the metatarsal bone, and with No.3, must have produced a peculiar
species of flexion in the toes, which, combined with the greater flexion
of the last phalanx upon the second, must have enabled the animal to
turn the claws under the sole of his feet: from this view of the subject
there seems to have been some analogy between the feet of the animal
and those of the bradypus—having no specimens of that animal I de-
scribe these conclusions from the descriptions of the feet given by M.
Daubenton of the great skeleton found lately at Paraguay.” The great-
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claw, as Jefferson also really knew, was without doubt a giant sloth. In
fact, Jefferson had seen a copy of the Monthly Magazine with a copy of
a reconstruction of the skeleton that Wistar referred to. Cuvier had

named the South American animal Megatherium.®

A great part of the importance of the great-claw from Virginia and the
mastodon from Big Bone Lick is how Jefferson and Wistar highlighted
broad “philosophical” issues that were to remain central themes in the
history of American paleontology for the next hundred years or more.
The first of these was Jefferson’s almost visceral need to describe Amer-
ican fossil creatures in terms of their ferocity and power (a conceit
copied, and indeed exaggerated, by George Turner). Against the evi-
dence, Jefferson had wanted the mastodon to be a mighty living preda-
tor of the distant eastern forests. Similarly his great-claw might have
been—ought to have been—a similarly impressive, ferocious carnivore.
These two incognita could then be projected as powerful symbols of
the new nation and described in terms matching the belligerence and
strength that allowed America to become independent from its Europe-
an forefathers.

In both cases, the partisans were to be disappointed. Most contem-
porary intellectuals followed Franklin and Cuvier in recognizing that
the mastodon was an herbivore, large and probably slow moving. It cer-
tainly had great tusks, but an image of it as a rampaging predator of the
forests was difficult to sustain. And Wistar showed that the great-claw
was a sloth. Its scientific name became Megalonyx. Although a pro-
voked sloth uses its claws to great effect on any would-be predator, it
mostly uses them for grasping onto trees. The creature is, as its name
suggests, the very paradigm of passivity. The great-claw certainly was
no lion. Nonetheless, a hundred years later, and even today, we see the
same 1issues of size, strength, and aggressiveness arise again with re-
spect to the great American dinosaur discoveries of the West, as paleon-
tologists vied with one another to find bigger and more ferocious

species, giving them names like Brontosaurus (thunder lizard) and, of



38 THE JEFFERSONIANS

course, the most evocative name in all nature: Tyrannosaurus rex

(tyrant lizard king).

A related pair of themes running through Jefferson’s and Wistar’s papers
on the great-claw concerns the relationship between American and Euro-
pean science. Both men acknowledged the lack of collections of scientific
materials and technical libraries in America, and resented their depen-
dence on the published work of Europeans. One can only too readily
imagine Jefferson chafing under such a restriction. It was particularly
galling because of a parallel issue: the nagging insistence by French schol-
ars on the inferiority of American fauna compared with that of Europe.

Georges-Louis Leclerc de Buffon (later Count Buffon), the great
French mathematician and naturalist zoologist, disparaged the fauna and
flora of the Americas in Histoire Naturelle, his encyclopedic ten-volume,
and generally brilliant, review of world natural history. The New World’s
living things were in every way inferior to those of the Old World, he
thought—figuratively and in many cases literally degenerate because of
living in a cold climate and a landscape of wastelands. “In America,” Buf-
fon wrote in his fifth volume, published in 1766, “animated nature is
weaker, less active, and more circumscribed in the variety of her produc-
tions; for we perceive, from the enumeration of the American animals,
that the numbers of species is not only fewer, but that, in general, all the
animals are much smaller than those of the Old Continent.”

Buffon especially highlighted the failure of European breeds of do-
mestic livestock to flourish in the New World. Another incontrovertible
fact was that in every cultural sense the indigenous peoples of North
America seemed so far behind the peoples of the Old World. Buffon
turned this into a sneer: “In the savage, the organs of generation are
small and feeble. He has no hair, no beard, no ardour for the female.
Though nimbler than the European, because more accustomed to run-
ning, his strength is not so great. His sensations are less acute; and yet
he 1s more timid and cowardly.”

Buffon was the leading natural philosopher and author of his day, but
he was poorly informed about American nature. He had never visited the
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New World, north or south, and relied to an unfortunate extent on the
dubious testimony of others, many of them equally ignorant and poorly
traveled. Another problem was that he tried to generalize from informa-
tion gathered in different parts of the New World, from Canada to Central
America, to the Andes and the far south. For him, “America” was one
place, just as today some people tend to see “Africa” as one country.

As famous as Buffon’s calumnies was Jefferson’s response, which
he composed as a reply to the secretary to the French delegation in
Philadelphia, the Marquis de Barbe-Marbois, who had written to Jeffer-
son asking for, among other things, an account of North American
nature.” The result of his query was Jefferson’s Notes on the State of Vir-
ginia, based on data that he had been compiling for some years. Here,
in his only book, the scholarly and meticulous Jefferson comes
through—with page after page of tables comparing the sizes and
weights of European and American animals.®

Most of Buffon’s charges were easily answered. For example, where
in Europe was a deer the size of the American moose? Jefferson
arranged to have one sent to Paris. But it has to be admitted also that
Buffon was right in some respects. European animals and plants trans-
planted to the Americas fared poorly—as might indeed have been ex-
pected. One area, however, where Buffon ironically ceded pride of
place to the Americas was in reptiles and amphibians, especially poi-
sonous ones, and the diversity of insects and spiders.

Jefferson had happily included the American mastodon in Notes on the
State of Virginia, and by then mastodon fossils had been found far and
wide in the thirteen original states. His great-claw, something unknown in
Europe, allowed him a second opportunity for a diplomatic “I told you
so,” tempered with the magnanimity of the victor. In his essay from 1799,
he asked: “Are we from all these to draw a conclusion, the reverse of that
of M. de Buffon. That nature, has formed the larger animals of America,
like its lakes, its rivers, and mountains, on a greater and prouder scale than
in the other hemisphere? Not at all, we are to conclude that she has formed
some things large and some things small, on both sides of the earth for rea-
sons which she has not enabled us to penetrate; and that we ought not to

shut our eyes upon one half of her facts, and build systems on the other
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half.” This was a neat put-down and was not weakened in any way by the
fact that Jefferson had to add a last-minute appendix to his paper in which
he noted that the giant sloth Megatherium, recently discovered in Paraguay
and described by none other than a French scientist, indicated that his
beloved great-claw was also a sloth, not a lion.

Despite Jefferson’s efforts, the French calumnies continued to find a
ready audience. The sting in Buffon’s literary tail was the more venomous
because, for the next fifty years, author after author picked up his charac-
terizations without question—indeed some did so with zest, even though,
in later volumes in the series, such as the Epoques de la Nature (1778), Buf -
fon largely recanted his claims about American nature.” William Robert-
son, for example, in his popular History of America, first written in
Scotland in 1777 and going into many nineteenth-century editions, re-
peated all of Buffon’s claims, as well as those of other continental authors
such as Cornelius de Pauw, in English for a wide audience. As late as 1807
the Philadelphia naturalist Benjamin Smith Barton felt it necessary to
launch an attack on Robertson, describing him as someone who “with
stronger and better lights to guide him, has deformed his History of Amer-
ica with the most palpable falsehoods and errors, concerning the physical
condition of the continent, and of its inhabitants.” But Buffon’s claims
were still in the twelfth edition of Robertson’s work, published in 1812."

Meanwhile Jefferson’s interest in the mastodon continued. He sent
William Clark, after his return from the great expedition with Meri-
wether Lewis, to make a concerted dig at the Big Bone Lick site. Clark
came back with a huge collection of some three hundred bones of the
mastodon, bison, musk ox, and deer. These were spread out on the
floor in the (empty) East Room of the White House, and Wistar was
summoned from Philadelphia to view them and select specimens for
the Philosophical Society’s collections. Jefferson gave a third to the so-
ciety, kept a third for himself, and sent a third to Paris." With typical
graciousness, when sorting through the bones, Wistar did not take any
mastodon head bones because the Philosophical Society already had
some and he knew that the French did not. After Jefferson’s death, his
collection was dispersed; the Philosophical Society specimens are now

held at the Academy of Natural Sciences in Philadelphia.
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The First American Dinosaurs
An Eighteenth-Century Mystery Story

It tarns out that the mastodon and great-claw were not the only giant
vertebrate fossils to be discovered in eighteenth-century America. At a
meeting of the American Philosophical Society in Philadelphia on Octo-
ber 5, 1787 (“15 members present, Franklin presiding”), Casper Wistar
and a prominent Philadelphia patriot named Timothy Matlack (one of
the “fighting Quakers” and later clerk of the State Senate) made a presen-
tation about a “large thigh bone found near Woodbury Creek in Glocester
County, N.J.” The minutes of the October meeting record that the au-
thors and “Dr Rodgers” (presumably Dr. John R. B. Rodgers, later a
physician at New York Hospital) were directed to “search for the missing
part of the skeleton,” although no record exists of such a further search.
No manuscript copy of the presentation exists from which one can
learn details of the bone or the exact location of the discovery, but luck-
ily the journal American Museum published notes on a number of
Philosophical Society meetings, including the following report: “Paper
from Timothy Matlack, esq. and Dr Wistar, of Phila; giving an account
and description of part of a thigh-bone, of some unknown species of
animal, of enormous size; lately found near Woodbury-Creek in
Gloucester County, New Jersey. By a comparison of measures, it ap-
pears, that the animal to which this bone belongs, must have exceeded
in size the largest of those whose bones have been found on the Ohio,
of which we have any account, in the proportion of about ten to seven;
and must have been nearly double the ordinary size of the elephant.”

41
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This little bit of extra information gives us something to go on. A
typical mastodon femur from the Ohio country measures some thirty-
six to forty inches. A bone bigger than thirty-six inches by a ratio of 7:10
would be about forty-eight inches long. At this size, the Matlack-Wistar
thigh bone was truly enormous, and could only have been from a di-
nosaur. Forty-eight inches is, in fact, the typical length of the femur in
the dinosaur Hadrosaurus, which was discovered seventy years later at
nearby Haddonfield, New Jersey, and described by the great Philadel-
phia anatomist and paleontologist Joseph Leidy.!

The Matlack-Wistar specimen was presumably owned by Timothy
Matlack: Wistar would not have needed a co-presenter if it had been
his. Matlack had been born in Woodbury, New Jersey, to a large family
living in Burlington, Camden, and Gloucester Counties. His ancestor
William Matlack had arrived in the area as an indentured servant from
Europe around 1677 and eventually became a successful farmer and
landowner. An map of Gloucester County from 1849 shows a “J. Mat-
lack” residence very close to Woodbury Creek, about three-quarters of
a mile west of the main intersection in the center of Woodbury. The
Matlack family owned approximately fifteen hundred acres along the
“Woodbury-Moorestown Road” well into the nineteenth century.” It
seems likely, therefore, that the bone was collected on the property of
the Matlack family. But what happened to it?

Between February 21 and 26, 1797, Charles Willson Peale, artist, natu-
ralist, and museum pioneer, made a trip to New Jersey with his friend
the French natural historian Ambrose-Marie-Frangois-Joseph Palisot
de Beauvois, to collect rattlesnakes from the vicinity of Bridgeton (also
Bridge town, Bridgetown), New Jersey, staying in the home of a Dr.
Elmer, who was their guide to the rattlesnake dens. They spent the first
night of the journey just across the Delaware River from Philadelphia in
Camden, New Jersey, so as to make an early start the next day.

Peale wrote in his diary: “Rose before it was light and we soon be-
gan our journey—we breakfasted at [left blank] were [sic] I enquired af-
ter a large Bone which had been dug up, in digging a Ditch on a farm
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about 1 1/2 mile from Town—this Bone had long been promised to me
for my Museum, some persons at this the Tavern here promised me to
make enquiry for it, and I requested, that it might be brought to Town,
and I would take it to Philada. on my Return in the stage on Monday
next. The bone is supposed to be like those found at the salt lick on the
Ohio—it was about 4 feet long, but by misfortune was broken by the
Negro in digging it up. However I hope to find the relicks worth having,
as they may serve with parts of a large Animal, which have been found
in different parts of America to prove, that this enormous non descript
animal has been in other parts, besides the Ohio.”

There is no diary record for Peale’s return journey from Bridgeton,
so we do not know whether he in fact collected the bone. We cannot be
positive where it was found, because Peale omitted to write down the
name of the town. However, internal evidence shows that the day re-
ferred to was February 22, and Peale wrote his diary entry on Sunday
the 26th, presumably intending to fill in the missing name of the town
later. Woodbury is some eight miles from Camden, where he had spent
the night, along the main route from Camden to Bridgeton, so the as-
sumption seems reasonable that they stopped over at Woodbury.

The obvious conclusion is that Peale went to collect the Matlack-
Wistar specimen. But in that case it is interesting that Peale (who knew
Matlack) had to send someone to “make an enquiry” for the bone(s) he
was seeking—suggesting that he did not know the owner (although it
could mean that he knew the owner was away). It is also interesting that
Peale referred to “relicks,” plural, although it is possible that he was re-
ferring to the multiple parts of a single broken bone. Peale said that the
bone had “long been promised him,” and ten years had elapsed since
the first find at Woodbury. At four feet it would have been of similar
length to the Matlack-Wistar thigh bone of Hadrosaurus. Possibly,
then, this was the same bone. At least we can be reasonably sure that it
had been collected from the same place. Unfortunately, if Peale did get
it for his museum (which is likely if it had been “promised”), it has
probably long since been lost in the various fires and other misfortunes
that overtook Peale’s collections following their purchase after 1850 by
P.T. Barnum and Moses Kimball.
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The Matlack-Wistar specimen was the first dinosaur bone discov-
ered in America, and one of only a handful of eighteenth-century dis-
coveries of dinosaurs anywhere in the world. There may even have

been a second such discovery if the Peale specimen was different.

Sixty years later, in 1858, William Parker Foulke unearthed the com-
plete skeleton of a dinosaur from a marl pit in Haddonfield, New Jersey;
subsequently the great Philadelphia anatomist and paleontologist
Joseph Leidy described the animal and named it Hadrosaurus. At a
meeting of the Academy of Natural Sciences of Philadelphia on De-
cember 14, 1858, Foulke formally donated his specimens to the acad-
emy, and Leidy mentioned that other dinosaur bones had been found in
New Jersey even earlier. “Occasionally uncharacteristic fragments of
huge bones have been found in the green sand of New Jersey (of which
we have several in the collection of the Academy), which I suspect to
belong to Hadrosaurus. One of these specimens, exposed to the view
of the members, indicates a much larger individual than the one whose
remains have been presented this evening.” The bone Leidy exhibited
“to the view of the members” that evening seems to be the same one
that he listed in another account of Hadrosaurus, published nine years
later: “Another metatarsal bone, with its extremities mutilated, from
Peale’s Museum, formerly existing here in Philadelphia, and probably
obtained from the Green-sand of New Jersey, was presented by Dr.
P. B. Goddard. It appears to have had the same form as [another speci-
men from New Jersey]|, but was somewhat larger.” Paul Beck Goddard
was a physician, teacher, and chemist; as a pioneer in photography, he
mvented an improved daguerreotype process using bromine; in medi-
cine he promoted the use of the microscope.

The bone in question still exists in the collection of the academy
(catalogue number ANSP 15717) and has the number 473 stenciled on
it, presumably representing its position in either the Peale Museum or
Goddard’s collection. That Leidy was correct in stating that ANSP
15717 was originally part of Peale’s Museum can be relied upon, as

Leidy was Goddard’s student and later his assistant and friend. It was
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Goddard who mtroduced Leidy to microscopy, and Leidy’s name was
once linked romantically with Goddard’s sister.# Leidy would have had
the information firsthand. The Peale Museum existed from 1786 until
1850, when its contents were sold off. Unfortunately, the date of God-
dard’s donation of the specimen to the academy is unknown.

At twelve and three-quarter inches ANSP 15717 1s far too small to be
the Matlack-Wistar specimen. It is, any case, a fourth metatarsal bone (a
bone of the hind foot), and without question Dr. Wistar would not have
mistaken a metatarsal, however large, for a femur. The reddish clay ma-
trix adhering to the bone, however, has been identified as being from
the Woodbury Formation of New Jersey. ANSP 15717 may therefore be
yet another eighteenth-century dinosaur discovery in America.

It would help greatly if any dinosaur bone were accounted for in the
available records of the Peale Museum, but the Scientific and Descrip-
tive Catalogue of Peale’s Museum (1796) by Peale and de Beauvois does
not mention any unusually large bone specifically, and every fossil bone
then in the collection was identified as being from the mastodon. There
exists also an accession book for the years 1805 to 1837 that mentions
several fossil items from New Jersey.” Two bones collected near
Swedesboro and accessed on June 20, 1817, could have been from the
Woodbury Formation. Intriguingly, a later note states that these bones
had been “omitted sometime since.” That might represent the Goddard
acquisition, but such a suggestion is truly straining at gnats and swal-
lowing camels. If ANSP 15717 is not one of the specimens mentioned in
Peale’s acquisition book, then it must have been added to the collection
either before 1805 or after 1837.

ANSP 15717 may well be the oldest American dinosaur bone still
surviving in a collection. The only possible rivals for this honor would
be a specimen of Hadrosaurus in the New Jersey State Museum, and
material of a small dinosaur (Anchisaurus) collected in Connecticut in
1818, now at Yale University.Y Meanwhile, somewhere in an attic or at
the bottom of a garden, the Matlack-Wistar (and, if distinct, the Wood-

bury 1797) specimen may still exist, waiting to be rediscovered.
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Fossils and Show Business
Mr. Peale’s Mastodon

The vast Mammot, is perhaps yet stalking through the western wilderness; but if
he is no more, let us carefully gather his remains, and even try to find a whole
skeleton of this giant, to whom the elephant was but a calf.

REV. NICHOLAS COLLIN, 1793

For all the excitement that the mastodon and great-claw engendered on
both sides of the Atlantic, it seemed that the only way to resolve some
of the uncértainties over their identity, their size, their behavior, and
possibly“éven their philosophical meaning would be, as Reverend
Collin, rector of the Lutheran Churches in Pennsylvania, observed, to
find better material. In 1799 Jefferson organized a committee charged
with thetask of investigating the remains of “ancient Fortifications, Tu-
muli, and other Indian works of art” and finding “one or more entire
skeletons of the Mammoth, so called, and of such other unknown ani-
mals as either have been, or hereafter may be discovered in America. . . .
[T]he committee suggest to Gentlemen who may be in the way of in-
quiries of that kind, that the Great Bone Lick on the Ohio, and other
places where there may be mineral salt, as the most eligible spots.”™

At the time he and Wistar wrote about the Virginia “great-claw,”
Jefferson was, among other things, president of the trustees of the first
natural history museum in North America. The Philadelphia Museum
was the creation of one of the more remarkable and flamboyant men of
that highly distinctive age: Charles Willson Peale. Peale was an artist,
known to us now both for the number and brilliance of his portraits of
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his contemporaries (a wonderful record of the age) and for the number
and brilliance of his children (subtly named Rembrandt, Titian,
Rubens, and so on). He was also a gifted naturalist. Peale was curator of
the Philosophical Society’s collections, and as a staunch political sup-
porter of Jefferson he was naturally one of the members of Jefferson’s
committee on the mammoth.

In 1783, Peale was asked to make a drawing of a mastodon tooth
from Big Bone Lick. This tooth, along with other remains, had been
brought back from Ohio by Dr. George Morgan, when he accompanied
George Croghan on his second, and successful, collecting trip in 1766.
When he got the specimens back to Philadelphia, Morgan gave them to
his brother Dr. John Morgan, who was a keen collector of curiosities
and artifacts. While they were in John Morgan’s possession they were
seen by the physician to the Hessian troops attached to Washington,
Dr. Christian Frederick Michaelis, whose father (a distinguished
scholar) had asked him to bring back some mastodon bones. Michaelis
tried to pursue the discovery of bones in New York State on the farm of
Rev. Robert Annan, in Orange County, during the war. Failing that,
Michaelis asked Peale to draw the tooth from Morgan’s collection.

It was while Peale had the Morgan specimens at his studio that they
were seen by his brother-in-law and friend Colonel Nathaniel Ramsay,
who told Peale that he was missing a great chance in not showing the
collection to the public. Which Peale did, at his brand-new Philadel-
phia Museum, housed first in the Philosophical Society’s rooms.?

In 1784, after long periods of blandishment by Michaelis (who died
before he could see the result of his labors), Morgan finally agreed to
sell his collection, which was purchased for the University of Gronin-
gen in the Netherlands. It was these specimens that were seen and de-
scribed by Cuvier, among others.? By this time, Peale had acquired
some other oddments of mastodon remains from the Big Bone Lick and
elsewhere. As a showman as well as a scientist, he well understood the
importance of finding, as Collin had said, a complete skeleton of the
“vast Mammot.” When he got word of the discovery of the skeleton of
a mastodon on the farm of John Masten, near Newburgh in Orange
County, New York, he rushed off to see for himself.
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Occasional mastodon bones had turned up at various sites in Or-
ange County since well before the Revolutionary War, and bones been
found in a clay pit on Masten’s farm since 1799. When he arrived, Peale
learned that already many had been lost to souvenir hunters. In his typ-
ical decisive, if not overbearing, way Peale saw the opportunities and,
with the help of Jefferson and five hundred dollars from the American
Philosophical Society, took over the whole enterprise. Within weeks
a major excavation was under way. Famously it involved an elaborate
bucket-wheel apparatus for draining water out of the pit, as recorded
later in Peale’s painting of the scene.*

The pit on Masten’s farm turned out not to be very productive, al-
though a tusk nearly eleven feet long was recovered. Interested locals
pointed Peale to other sites in the region, including the farm of Peter
Millspaw, a few miles away, where a remarkably complete skeleton was
found. Altogether they collected the remains of three individual
mastodons. The bones were shipped to Philadelphia, where Peale and
his son Rembrandt assembled the best of them, with a little fudging by
adding elements carved from wood, into a fully mounted skeleton. It
was America’s first reconstruction of a fossil vertebrate.

The great incognitum now had a new role to play: that of a public
spectacle in Philosophical Hall. Peale’s mastodon skeleton was revealed
on Christmas Eve, 1801. In a broadside for the exhibit, Peale an-
nounced: “Ninety years have elapsed since the first remains of this Ani-
mal were found in this country. . . . Numerous have been the attempts
of scientific characters of all nations to procure a satisfactory collection
of bones; at length the subscriber has accomplished this great object,
and now announces that he is in possession of a SKELETON of this AN-
TIQUE WONDER of North America. . .. [N]o other vestige remains of
these animals; nothing but a confused tradition among the natives of
our country, which states their existence, ten thousand Moons ago; but,
whatever might have been the appearance of this ENORMOUS QUADRUPED
when clothed with flesh, his massy bones can alone lead us to imagine;
already convinced that he was the LARGEST of Terrest[r[ial Beings!
Rembrandt Peale gave his best account of the Indian legends concern-
ing the mastodon (first related by Jefferson) in his pamphlet Account of
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the Skeleton of the Mammoth: A Non-descript Carnivorous Animal of Im-
mense Size, Found in America, published in London in 1802 for the
skeleton’s European tour, and dedicated to Sir Joseph Banks.

Peale gave responsibility for promoting the mastodon to Rem-
brandt, who proved his own skill at showmanship by holding a dinner
for thirteen people under the ribs of the reconstructed skeleton.5 Later
in 1802 Rembrandt Peale took it on a tour to Europe, where it was in-
tended to be both a moneymaker and a final vindication of Jefferson’s
rebuttal to Buffon over the supposed inferiority of American wildlife.
However, it was necessary that it be even more than that. Peale, a great
salesman as well as showman, was soon promoting the mastodon as a
symbol of the strength of the new nation, a strength growing in part
from its ancient history—normally the sort of claim that Europeans
made for themselves. In Peale’s new view of the mastodon, America
had something to silence the Buffons of this world forever.” There was
also a new adjective: “mammoth” entered the English language as a ri-
val to “gigantic.”

Peale’s American chauvinism would of course have been helped if
the mastodon had actually been a carnivore rather than a gentle herbi-
vore. By this time even Jefferson himself had concluded that it was an
herbivore—or rather, an “arbivore,” browsing on trees. Yet, nothing
daunted, in advance of the European tour Charles Willson Peale wrote
to Sir Joseph Banks at the Royal Society in London, “my Sons . ..
carry with them the Skeleton of the Mammoth, so called, but what may
properly be named the Carnivorous Elephant of the North.”® And Rem-
brandt Peale argued: “Was it an elephant, it would be an astonishing
monument of some mighty revolution in our globe . . . but it is not an
Elephant, having held among Carnivorous, the same rank the Elephant
holds among Grammivorous [grass-eating| animals.”®

In reviving the herbivore-carnivore argument, Rembrandt focused
discussion on the orientation of the tusks. After his return from Europe,
he reconstructed the tusks as curving menacingly downward like
weapons. He published a pamphlet titled An Historical Disquisition on
the Mammoth, or Great Incognitum, an Extinct, Immense, Carnivorous

Animal, Whose Fossil Remains Have Been Found in North America, in



50 THE JEFFERSONIANS

Rembrandt Peale’s reconstruction of the mastodon with reversed tusks
(from Edouard de Montulé, Travels tn America, 1821)

which he defended the downward curve of the tusks and conjectured
that the mastodon had used them for “rooting up shellfish.” This was
never very convincing, and to many eyes (including his father’s), up-
ward curving tusks were more terrifying and lethal looking than the re-
verse. The tusks were finally restored to their correct upward orientation
in a redescription of the material by Rembrandt Peale’s son-in-law, the
naturalist Dr. John Godman, in 1826. Invoking the authority of Cuvier,
he wrote that nothing could “justify us in placing these tusks otherwise
than in the elephant, unless we find a skull which has them actually im-

planted in a different manner.”"°

In turn-of-the-century America, just as today, science, politics, and reli-
gion readily became entwined, and controversially so. Jefferson’s fascina-
tion with natural history was inseparable from his views of the
democratic value of science and contrasted with the more elitist views of
his Federalist opponents, recently defeated in the election of 1800. His
outlook could also be made to seem faintly ridiculous, as one polemicist
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demonstrated at the time: “Nowadays, a man need only discover a mam-
moth pit to be celebrated as a great scholar or philosopher.”"

Party politics had come to America with a vengeance, and Jefferson
was lampooned for his apparent preoccupation with old bones, which
his antagonists portrayed as symbolic of him having got everything
wrong—from his philosophy and his francophilia to wasting money on
the Lewis and Clark expedition and the Louisiana Purchase, to his
views on the role of industry and capital in the American experiment.
John Adams complained: “The country is explored too quickly and
planted too thinly. . . . [S]peculations about mammoths are all pitiful
bagatelles when the morals and liberties of the nation are at risk, as I
believe them to be at this moment.”

In a letter to the mystic philosopher Francis Adrian van der Kemp,
Adams wrote: “I can afford you no ideas on the subject of the mammoth
because I have none. The Spirit of Political Party has seized upon the
Bones of this huge Animal, because the head of a Party has written
something about them, and has made them a subject of more conversa-
tion and Investigation than they merit. The Species may yet exist in
America and in other quarters of the globe. They may be carnivorous,
or they may subsist on the Branches of the trunks of Trees: but as I see
no means of determining these questions, I feel little interest in them,
till a living Individual of the kind be found.”"*

In Notes on the State of Virginia, Jefferson had used the mastodon
to demonstrate that the fauna of American was not as weak and depau-
perate as Buffon had claimed. Two decades later, the eagerness of the
Peale family to promote the mastodon as an aggressive symbol of Amer-
ican power may have had something to do with defending Jefferson
against the snide attacks of his enemies.

Many such attacks were published in The Port Folio, edited in
Philadelphia by Joseph Dennie. Satiric verse was the weapon of choice,
as in an anonymously published poem from 1802 by Samuel Ewing that
went after both Jefferson and Peale. The immediate object of scorn was
the dinner that Rembrandt Peale had held under the mastodon skele-
ton, when political songs had been sung. There is no need to rehearse
the whole poem; the following extract gives the flavor of the piece.
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Thou know’st, sweet Orpheus! that this Mr. Peale
has sent his Raphael and his Rembrandt round
wherever toe-nails of a flea are found

to sense, without reward, the common weal!

... Yet when they only Skeletons could find
They bought the bones, but left the life behind."

Perhaps an even more vicious attack on Jefferson came from William
Cullen Bryant, the child-prodigy son of a Massachusetts doctor and later
the author of Thanatopsis, in a work titled Embargo, part of which reads:

Go, wretch, resign thy presidential chair,
Disclose thy secret measures, foul or fair,

Go search with curious eyes for horned frogs,
Mid the wild wastes of Louisiana bogs;

Or where the Ohio rolls his turbid stream
Dig for huge bones, thy glory and thy theme.

This would be bad enough had it not continued:

Go scan, Philosopher, thy (*****) charms
And sink supinely in her sable arms;

But quit to abler hands the helm of state,
Nor image ruin on thy country’s fate."t

The missing word is presumably “Sally’s,” a reference to Sally Hem-
ings, who even then was being widely gossiped about as Jefferson’s
slave mistress (she was, perhaps not coincidentally, the half-sister of
Jefferson’s late wife, the two women sharing the same father).

In this connection, discussion has been focused on interpretations
of Charles Willson Peale’s famous painting Exkumation of the Mastodon.
On the surface this seems to be a simple depiction of the scene where
the marl pit was being excavated. Peale’s pose is that of the classical
Apollo Belvedere, a symbol of victory—but which victory? The storm
clouds, the central role given to the elaborate human-powered wheel
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pump (democratic labor) being used to drain the water from the
flooded pit, the curious collection of onlookers, some of whom are
Peale’s own family (some deceased by that date) while others are
dressed as English country squires (Federalist elite), together with an
absence of the mastodon bones themselves (used to attack Jefferson),
have all suggested that a number of narrative and political themes un-
derlay the work."

Peale’s backing of Jefferson cost him financially. He had requested
federal support for his museum. The Federalists blocked it, but he did
manage to persuade the Pennsylvania legislature to allow him to move
his growing enterprise, including nearly a thousand mounted mammal
and bird specimens, into the tower and top floor of the former State
House. Mastodon Hall remained at the Philosophical Society’s rooms.

Peale’s specimens later had a checkered history. The mastodon ex-
hibit remained in place at Philosophical Hall, but when the once-great
museum started to fall into bankruptcy, the first mastodon specimen
was sold, around 1848, to some German speculators. They tried to sell
it to the king of France (Louis-Philippe) for the Jardin des Plantes in
Paris, the country’s most important botanical garden, but that fell
through when the king abdicated. Next it was offered unsuccessfully
both to the British Museum and the College of Surgeons in London.
After being exhibited in London but remaining unsold, it was bought
by Dr. J. J. Kaup for the Geology and Mineralogy Museum in Darm-
stadt, where the skeleton now resides. The second specimen ended up

at the American Museum of Natural History in New York.'6

Meanwhile, the naturalist Benjamin Smith Barton had very early on re-
ported that the mastodon was a vegetarian. The Right Reverend Bishop
James Madison of Virginia (a cousin of the later president) had written
to him in 1805 about a specimen from his state, and Barton passed on
the information to Cuvier: “What renders this discovery unique among
others, is that in the midst of the bones was found a half triturated mass
of small branches, of gramina, and of leaves, among which it was be-

lieved that a species of reed still common in Virginia could be recognised,
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and that the whole seemed to be enveloped in a sort of sac, which was
considered as the stomach of the animal, is that there was no doubt but
that these were the very substances upon which the animal had fed.”"”

The surge of interest in the mastodon caused by the Peale speci-
mens also produced the remarkable observation that some soft tissues
of the mastodon had been preserved. Benjamin Smith Barton reported:
“As late as 1762, which was, in all probability, several centuries after the
extinction of the species in America, the proboscis (trompe) of one of
the animals was preserved; for the Indians, in their account of the dis-
covery, said, that the head of one of the Mammoths was furnished ‘with
a long nose, and the mouth on the underside.””® A combination of in-
creased public awareness of fossils and continued development of the
land led to a growing stream of mastodon discoveries after 1820, princi-
pally in New York State, although specimens also turned up all through
the eastern United States, as far south as the Carolinas. At present,
mastodon remains have been found at more than six hundred locations
in eastern North America.

If there was any doubt left among scholars or the public concerning
the carnivorous or herbivorous habits of the mastodon, they were si-
lenced finally by another discovery in Newburgh, New York, in 1845. At
long last, the first complete mastodon fossil was found, just as Nicholas
Collin had hoped for more than fifty years earlier. In the words of a ge-
ology textbook published a decade and a half after the find, the speci-
men “occupied a standing position, with the head raised and turned to
one side, and the tusks were thrown upwards—the position natural to a
quadruped when sinking in the mire. In the place where the stomach
lay, and partially inclosed by the ribs, there were found about seven
bushels of vegetable matter—i.e. bruised and chopped twigs and
leaves.”9

So the mastodon really was an herbivore. But it would still have
been impressive enough as a peaceful giant, always ready to defend it-

self against attackers with its huge tusks: not a bad image for any nation.
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Fossils and Geology
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Fossils and Extinction
Dangerous Ideas

We have so little of final causes that no certain conclusion can be drawn from the
Wisdom of the Creator against the Extinction of a Species. There may have been
reasons for their existence at one time, which may not remain at another.

JOHN ADAMS TO F. A. VAN DER KEMP, 1802

TheEnglish physician and collector Dr. John Hunter had written of the
mastodon: “We cannot but thank Heaven that its whole generation is
extinct.” But how could anyone be sure that creatures like the European
mammoth or the American mastodon and great-claw really were ex-
tinct? And if they were, what would be the consequences for our ideas
about the history of the earth and life upon it?

Today the-concept of an animal or plant species being extinct is
commonplace. We are comfortable with the fact that the fossil record
documents the ancient existence of millions of extinct species that lived
and died during the two and half billion years (give or take a few mil-
lion) that life has existed on earth. But in Jefferson’s time the “record”
of fossils was neither full enough nor continuous enough to present
anything like a documentary history of changing life on earth. The con-
ventional view was that the earth had been formed in its present state,
Jjust as the book of Genesis said, and only some six thousand years ago.
As for extinction, although there seemed to be empirical evidence that
the earth had once been populated by creatures that no longer existed,
there was no coherent theory about how or why they could have disap-
peared. Extinction could also be thought contrary to biblical teaching.
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The discoveries of the two American incognita, the mastodon and
the great-claw, therefore focused attention on some dangerous ideas
and put people like Thomas Jefferson into a tricky logical box. Al-
though it was politically important that the American incognita be de-
fined as new and different from their European counterparts, that
would mean flirting with the issues of extinction and an ancient earth
unlike our own. For centuries it had been philosophically inconceivable
and theologically unacceptable that any species could be considered ex-
tinct. Buffon, Jefferson’s literary sparring partner, compromised over
this issue by concluding that the American mastodon was the only ter-
restrial animal that had truly become extinct.

But that was an evasion of the main problem. If God had made all
the animals and plants of the earth during the few days of Creation, as
described in the first chapter of the book of Genesis, how could there
be any extinct creatures of a different sort from those we know today,
buried in the rocks? If extinction were real and widespread, did that im-
ply that God had made mistakes or that the Bible was fallible?
Extinction—if a true phenomenon—opened up the possibility that
there had been previous, perhaps multiple, events of creation not men-
tioned in the Bible and a longer history for the earth than six thousand
years.

Dr. Robert Plot, the first curator of the Ashmolean Museum in Ox-
ford (and the earliest describer of a dinosaur bone), wrote in 1677: “I
shall leave it to the Reader to judge whether it be likely that Providence,
which took so much care to secure the Works of Creation in Noah’s
Flood, should either then, or since, have been so unmindful . . . as to
suffer any one Species to be lost.” A hundred years later, Jefferson
framed the issue the same way in his Notes on the State of Virginia, us-
ing, as was a common practice of the day, the term “nature” as a neutral
proxy: “Such is the economy of nature, that no instance can be pro-
duced, of her having permitted any one race of her animals to become
extinct; of her having formed any link in her great work so weak as to be
broken.”

Some modern authors give the great French geologist and paleon-

tologist Georges Cuvier the credit for having been the first to make ex-
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tinction a credible concept. For Recherches sur les Ossemens Fossiles de
Quadrupédes [Researches on the Fossil Bones of Quadrupeds], his
great compilation of contemporary knowledge of fossil bones first pub-
lished in 1812, Cuvier wrote an introduction, or “Preliminary Dis-
course,” in which he pointed out that any animal as large as a
mammoth, mastodon, or giant sloth would surely have been seen by
now if it were still alive.* In fact, Cuvier had simply made the question
one of greater immediacy. Extinction was an old problem. When the
Oxford scholar Edward Lhwyd discovered trilobites in 1698, it was
clear that none were still living, and neither were any of the commonest
kinds of fossil shells that could be found in the ground all over Europe.
These included the hundreds, if not thousands, of species of am-
monites (from what we now call the Mesozoic era), popular with many
collectors for their “Cabinets of Curiosities.” Cuvier seized on the fact
that while these might have been easy to explain away as “formed
stones” (some kind of sport of nature), creatures like the mastodon and
mammoth were obviously more modern, more real, and self-evidently
closely allied to well-known living animals. And equally obviously ex-
tinct. And problematic.

In his essay from 1797 on the great-claw, Jefferson’s argument
against the idea of the giant sloth’s extinction was, typically, empirical
and lawyerly: “The bones exist, therefore the animal has existed. The
movements of nature are in a never-ending circle. The animal species
which has once been part of a train of motion, is still probably moving
in this train. For if one link in nature’s chain might be lost, another one
and another might be lost, till this whole system of things should evan-
ish by piece-meal; a conclusion not warranted by the local disappear-
ance of one or two species of animals, and opposed by the hundreds
and thousands of instances of the renovating power constantly exer-
cised by nature for the reproduction of all her subjects, animal, veg-
etable, and mineral. If this animal has once existed, it is possible that he
still exists.”

Jefferson was a deist, and nature was a crucial part of his personal
philosophy: nature was the embodiment of all that was good, therefore

it could never be wrong.? For him and for many others religiously and
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philosophically opposed to the concept of extinction of any creature, a
possible solution to the absence of living mastodons and great-claws in
the known world lay in the fact that so much territory, especially in
North America, was still unexplored. If the mastodon did still live, the
only real possibility was that it had migrated into the unexplored West.
Part of Jefferson’s sense of national identity was his conviction that the
great sweep of the West and Northwest making up the Louisiana Pur-
chase was another form of incognitum—a terra incognita—that would
turn out to hold all manner of scientific wonders.

Therefore, when he dispatched the Lewis and Clark expedition of
1804-6 to survey the newly acquired territory and to look for a link be-
tween the mighty Mississippi and the Pacific Ocean, thereby making a
huge political statement in opening up America as one great continent,
Jefferson charged the explorers to search for animals like the
mastodon—creatures “the remains and accounting of any which may be
deemed rare or extinct.” In the event, while the expedition failed to
yield the mastodon or the great-claw, the new lands of the West eventu-
ally did produce a vast array of extraordinary fossil creatures—
including dinosaurs—that made American scientists the leading
paleontologists in the world by 1900. Ironically, it turned out that the

dinosaurs were all extinct too.

The question of whether the mastodon (or any other creature) was truly
extinct, when put in the larger context of European and American
scholarship in the Age of Enlightenment, gives us a glimpse into a
world of science (or natural philosophy, as it was still called) very much
on the cusp of a major revolution. Around 1800, ideas that easily traced
their origins back to before the seventeenth century were being tested
and thrown aside in favor of seemingly radical ones, particularly with
reference to the nature and history of the earth itself. This often led to
curious inconsistencies. It was common, for example, to follow philos-
ophers like Descartes who showed that the earth had a common origin
with the sun as a fiery molten mass, or to understand with Buffon, Cu-

vier, and others that the earth’s surface and all the living creatures on it
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have gone through massive revolutionary changes—and yet at the same
time to believe that the earth was created as recently as 4004 B.c. The
result was that, for quite a long time, balancing respect for religious au-
thority with rational inquiry meant that it was necessary to behave like
the White Queen in Through the Looking Glass: “Why, sometimes I've
believed as many as six impossible things before breakfast.” The reason
for all the vacillation is obvious. It is a problem that we still engage every
day—the absence of definitive proofs.

A classic case of this failure of proof concerned the nature of fos-
sils themselves. With very few exceptions, everyone today recognizes
that fossils are the remains of once-living organisms preserved in, and
more or less completely transformed into, rock. The processes by
which the carcass of an animal or the remains of plants become incor-
porated into new sediments and undergo a variety of slow chemical
transformations can be studied with great precision. We do not need to
rehearse the details of those processes here, but it 1s interesting to note
the variety of the resulting fossils. Within the vertebrates alone, some
bone may become changed to opal and some remain almost unaltered,
even retaining traces of colors and residues of organic materials such as
amino acids. In the very youngest fossils (less than a hundred thousand
years old) one can occasionally find remnants of DNA. Sometimes only
a trace of the fossil is preserved, as a footprint or a burrow. Sometimes a
fossil was formed deep in the rock and then dissolved away, leaving
only a perfect natural mold for us to discover.*

Knowing all this, it is no problem for us to accept that fossils were
once real, living things, however strange they might have been and how-
ever different from those that still exist. But that has not always been the
case. In the seventeenth and even the eighteenth centuries, because fos-
sils seemed to offer awkward evidence about the history of life on
earth—facts that did not fit into a literal interpretation of the words of
the first chapter in Genesis—many arguments were raised about what
fossils actually represented. Many thought that they were artifacts of
the rocks and merely mimics of real organisms. One of the key argu-
ments against fossils being the remains of real animals and plants, or
even that they were simply the remains of creatures drowned in Noah’s
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flood, was that, while most known fossils are of seashells of various
sorts, they are found high up hills and on the sides of mountains, often
thousands of feet above sea level. If there had been a conclusive proof
of mechanisms by which mountains (and the remains of sea creatures)
might be raised up out of the sea bed, then the nature of fossils would
have been accepted more readily. Equally, if there had been indepen-
dent proof of the organic nature of fossils, then the raising up of moun-
tains would have been more believable.

If the philosophical problem in natural science was to explain the stu-
pendous diversity of life on earth (and in fossils), and the religious
problem (one of many) was to account for or explain away extinction,
the geological problem was to explain the extraordinary complexity of
structure in the earth’s crust as exposed in quarries and, above all, in
mountains like the European Alps, the Appalachians, and the Rocky
Mountains. If God had made the earth in one week in the year 4004
B.C., as Bishop James Ussher, primate of All-Ireland, had calculated,
why had he made it so complicated?>

Why had he fashioned the earth into contorted shapes and struc-
tures that, to a rational eye, suggested the action of great forces, forces
that could throw rocks into folds and raise up whole mountains, creat-
ing, as Rev. Thomas Burnet put it in 1681, “a broken and confus’d heap
of bodies, plac’d with no order to one another . . . a World lying in its
own rubbish”?% If, on the other hand, all this had happened naturally,
what force could have been (could still be) so powerful?

Dr. John Whitehurst’s Theory of the Earth, published in 1795, was
one of the last expressions of a long-standing “physico-theological”
theory that at Creation the surface of the earth had been flat and whole,
rather like an egg, and that all the elements of geological structure—
folding, faulting, mountain building, deposition of sediments in
deltas—together, not incidentally, with the formation of fossils—were
the result of vast upheavals produced at the Great Flood of Noah when
the fountains of the deep had opened (meaning that the earth’s crust
fractured). All this devastation, moreover, had a reason: it was (as God
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told Noah) a punishment for man’s wickedness. Such a view had a long
history and a broad following even though it flew in the face of the bib-
lical statement that mountains had existed before the Flood (Genesis
7:19-20). The various versions of such theories suffered from the draw-
back that they were caught between a view of the earth that was stable,
fixed in its present “confus’d condition” (either at Creation or at the
Flood), and the opposing evidence of the continuing operation of geo-
logical processes—if nothing else, then the earth is being changed by
earthquakes, volcanoes, and the inexorable drip, drip, drip of erosion.

In 1785, the Scottish polymath genius James Hutton (agriculturist,
manufacturer, geologist, philosopher) pointed to the way out of the
dilemma. In a short essay, Hutton published the first version of a radi-
cal new theory about the history of earth and the processes that contin-
ually shape 1t.7 He took two concepts that had long been established in
natural philosophy and put them together. The first was the obvious
one that the earth is constantly being eroded by the action of water,
frost, and winds. Millimeter by millimeter, the mountains and plains are
constantly being denuded and reduced to dust. The sediment so
formed is carried by rivers to the seas or to inland lake basins and there
builds up as layers of new sediment. Over time that sediment is con-
verted to rock. Philosophers of science had long since pondered the
consequences of this universal erosion. The conventional view (emi-
nently compatible with the Judeo-Christian tradition of a beginning
and a final Judgment Day) was that eventually the earth would be made
flat and then rupture and come to a fiery end. As Thomas Burnet wrote
in his Sacred Theory of the Earth, the earth eventually would be reduced
to “the uninhabitable form in I do not say ten thousand years, though I
believe it would but take twenty, if you please, take an hundred thou-
sand, take a million.”

Hutton borrowed his second idea from work of Robert Hooke
(published a hundred years earlier), and proposed that instead of pro-
gressing inexorably to an end the earth might be in a rough sort of bal-
ance: the erosion of older rocks being matched by uplift of the new
sediments and the products of other forces such as volcanoes depositing

ash and lava. In the process, old sedimentary rocks containing fossils,
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once laid down in shallow seas, were raised up in mountains. In that
case, the earth was continually recycling and, instead of being mortal
and heading for a final end, was potentially immortal. In Hutton’s view,
all this recycling of the earth was designed by the deity to create and
sustain an environment fit for life, especially for humans. But Hutton,
like Hooke and many others before him, had difficulty in finding the ac-
tual causal processes underlying mountain building. He concluded that
the agents were volcanoes, earthquakes, and the action of the earth’s in-
ner heat. Not until the 1950s did we have evidence for the processes of
plate tectonics, responsible for continental drift and the folding and
faulting of massive portions of the earth’s surface. But this theory turns
out not to be far different from an idea of Benjamin Franklin, who had
come amazingly close in 1793 with the surmise “that the internal part
[of the earth] might be a fluid . . . [and the solid crust] might swim in
or upon that fluid. Thus the surface of the earth would be a shell, capa-
ble of being broken and disordered by any evident movements of the
fluid on which it rested.”®

Convinced that the earth had not been shaped by the operation of
miraculous or extraordinary cataclysmic events (the theory known as
catastrophism), Hutton tried to determine its age from measurements
of the rates of the natural processes of erosion and sedimentation as he
was able to observe them at the time. He concluded, however, that such
calculations were not possible, memorably finding in the geological
record “no vestige of a beginning, no prospect of an end.” By this lyri-
cal pair of phrases, Hutton did not mean that the earth had had no be-
ginning or would have no end (a view that Aristotle among others
espoused) but simply that it was then beyond man’s capacity to calcu-
late them. But by this time Hutton had set in place the final necessary el-
ements for a new theory of the earth, and the conclusion that the world
is extremely old—dated in terms of hundreds of millions instead of
thousands of years—and populated by a constantly changing set of ani-
mals and plants, with humans arriving on the scene only, figuratively
speaking, at the last minute.

After Hutton’s death, his ideas were taken over by his colleague
John Playfair. Then, in the 1820s and 1830s, Charles Lyell, another
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Scot, developed them into what is essentially our modern view of the
material history of the earth (even though he too did not know the me-
chanical causes). Geologists then had an intellectual framework on
which to build, layer by layer, fossil by fossil, a general understanding
of the history of the earth. To do that, they also needed the practical
tools that had been provided by the work of a seventeenth-century

Catholic saint and an eighteenth-century English canal surveyor.

Even the most casual inspection of the rocks making up a cliff or hill-
side shows that they exist in layers. It seems implicit to us that the layers
of different rock types within the earth’s surface represent a time se-
quence. Unless something extraordinary has happened, the deeper
rocks are older; closer to the surface the rocks are younger. And that ap-
plies also to the fossils they contain. But that insight was quite late in
coming. We owe its origin to an extraordinary Dane named Niels Sten-
son (known by the Latin name Steno), who was the first to set out the
simple rules for unraveling the history of the rocks. Steno started out as
an anatomist, first in Leiden around 1660 and then in the court of Fer-
dinand II de Medici in Florence. Grand Duke Ferdinand had been the
last of Galileo’s patrons, and Steno published his revolutionary ideas
there only thirty-five years after Galileo’s trial.?

Steno’s first rule (like so many really new ideas) was laughably sim-
ple when you thought about it his way: if one layer of rock lies on top of
another, then the lower one was deposited first and played no part in the
formation of the upper one. His second rule was no less obvious: all
beds of rock were originally laid down horizontally. The third rule was
that beds of rock are laterally continuous until they are replaced by an-
other bed of the same age. These ideas were revolutionary. In practical
terms they meant that layered rocks represented a time sequence, and
that the rocks exposed at any one small locality were not a separate set
of structures resulting from unique processes, but were in principle re-
lated to other exposures.

With his simple rules in mind, Steno studied the landscapes of
Tuscany as a single unit and developed a theory that the earth had gone
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through a number of stages (one of which was caused by the Flood), es-
sentially presaging Hutton’s view of the recycling earth. While gener-
ally conforming to a rather liberally interpreted Creation sequence, his
ideas therefore created a view of a changing, rather than static, earth.
The world might have been created by God initially but it has been
changed by natural processes operating over time.

Steno, having made the great intellectual breakthrough in geology,
proceeded to give up science completely, converted from Lutheranism
to Catholicism, and became a priest. He died in poverty back in north-
ern Europe ministering to the oppressed Catholic minorities of Protes-
tant Germany. Beatified by the church in 1988, he became the closest
thing to a patron saint for geology.

The person who turned the work of Hutton and Steno into practi-
cal geology was the simply named William Smith (1769-1839). Smith
worked as a surveyor for mining and canal companies. His great insight,
borne out of years of practical experience, was the realization that dif-
ferent strata were characterized by different arrays of fossils. Each layer
had its own fingerprint of fossils and, as a result, could be traced for
miles across the countryside even though it outcropped only here and
there in road cuts and quarries. Because most of the strata were also
tilted, a transect along the earth’s surface showed successive strata
neatly arranged in order; this order could be inferred even when only
one layer was revealed at a particular spot. For the first time it was pos-
sible to make a detailed map of the surface geology of a country the size
of England, and also to record a great deal of the underlying geology.'

This was not just a theoretical exercise; in fact, it depended on no
theories except the simple rules that Steno had outlined. Smith was
concerned with practical matters like being able to situate canals in the
best place. He also could use his map to predict where coal, limestone,
and other minerals would be found. And, equally usefully, where they
would not.

With this array of new ideas, scientists in the first decades of the
nineteenth century had a powerful set of tools with which to work.
They also needed facts, and as they dug into the earth they found ever
more wonderful, ever more challenging kinds of fossils representing
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creatures that no one could have imagined ever existed. And so they
also needed new theories.

Enlightenment scholars, and indeed philosophers since at least the
time of Aristotle, sought the underlying meaning behind the evident
patterns of similarity and difference among living organisms. One result
of their inquiries was the formulation of the hierarchical classifications
of like with like that we use today: sparrows, crows, woodpeckers, and
geese form separate groups within a larger group, “birds,” and birds are
part of the vertebrates, which are part of the animals, and so on. Jeffer-
son was much taken with the idea that all life, so classified, forms a
“Great Chain of Being.” This was a concept that went back to Plato and
Aristotle. In this chain, everything in creation can be assigned a position
relative to an ideal hierarchical pattern extending from nothingness at
the base to God at the top. Man is next to God and the angels, the apes
next to man, and so on. The lowliest forms of life, at the base, were just
above minerals. In this hierarchy, each kind was more complex and
more perfect than, and in some way contingent upon, the one beneath.
The chain was static, the whole having been created by God, and it rep-
resents the perfect symmetry of his creation. Any living organism can
be placed appropriately in the chain; potentially, any new discovery
would readily fit into its ordained spot among the others.

The recognition of a vast world of fossils first supported and then
challenged this view, as did the burgeoning scholarship and the first-
hand knowledge of the living world produced by the explorations of
the globe from the sixteenth century onward. Soon there were too many
kinds of organisms; at the least, instead of one chain, there must be
many, and the Chain of Being became more like a Tree of Life. Any fos-
sil discovery should fit neatly into the Chain of Being, which would
have no gaps. In the eighteenth century, however, while the growing
fossil record closed up many gaps among groups, it opened up new
ones and disclosed the existence of entirely new (extinct) groups. In the
nineteenth century, extinction became a critical issue because, if real, it
would show that the chain, or chains, could be broken. Many of the
kinds of fossils that we will meet in the following chapters—giant rep-

tiles like mosasaurs, pterosaurs, or ichthyosaurs, and invertebrates like
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trilobites, or graptolites—were dead ends. Perhaps most lines were.
And many familiar living groups had extinct members, among the most
dramatic of which were the mammoths and mastodons, unmistakably
species of elephants but no longer living.

Eventually, the concepts of continuity and gradation that lie at the
heart of the Chain of Being made it logical for philosophers to ask
whether organisms were not also related in the genetic sense, through a
process of transmutation, or evolution: the Chain of Being became a

Chain of Becoming.

The final pieces of the puzzle concerning the history of life on earth fol-
low rather logically from the facts of extinction and an ancient, rather
than young, earth. If animals and plants have constantly become extinct
in past ages, then new species must have steadily arisen to replace them.
The simplest solution to this was, of course, to posit that, instead of a
single creation event, God had serially created wave after wave of new
species, allowing all in turn to become extinct and be replaced yet again.
Perhaps, as many people like Buffon thought, there had been a whole
series of floodlike catastrophes, and that would have been the origin of
the many layers of fossil beds in the earth. In the Age of Enlightenment,
however, other causes of the changing history of life on earth were
sought. And the first evidence that the processes and causes might be
gradual rather than episodic, and both material and lawful rather than
supranatural, was that the fossil-bearing strata of the earth were simply
too numerous.

The fossils also seemed at first to indicate that the earth was cool-
ing. During the Coal Measures, a major division of the Upper Car-
boniferous period some 300 million years ago, most of the northern
hemisphere had been tropical and humid. Very recently in Europe, li-
ons and rhinoceroses had roamed the land. Mammoths and mastodons
had lived in places where the temperature 1s now too cool for any ele-
phant relative to survive. Steadily, however, other evidence appeared to
show that the earth had gone through many climatic changes; there had
been massive glaciations in the Permian period, for example.
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The geological time scale. Ages in millions of years before the present mark the boundary

between intervals. The earliest dinosaurs appeared during the Triassic period, well over

200 million years ago; the extinction of the dinosaurs took place some 65 million years

ago, at the boundary between the Cretaceous and Tertiary periods.
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More evident from the fossils was the impression that the change in
species during the earth’s history had been progressive. First there were
simple organisms, then more complex ones. While the details took
some working out, in the early decades of the nineteenth century the
fossil record started to show that, for example, among vertebrates,
fishes came first (in the oldest and deepest rocks), followed by four-
legged land animals, with birds and mammals coming last. Man either
came last of all or was a special case, and there were as yet no human
fossils known. However, there was plenty of room at first for argument
about this apparent progression, starting with the question of what
“more” or “less” complex or advanced might mean. For example, di-
nosaurs are extinct, but were they in some cosmic sense less advanced
than mammals? (After all, we now know that they survived in various
guises for some 150 million years.)

As late as 1851, it was possible for Charles Lyell, the greatest geolo-
gist of the age, to question the reality of a progression of complexity in
life. Concerning the giant extinct “sauroid fishes” of the Devonian and
Carboniferous periods, he wrote: “Although true fish, and not interme-
diate between fish and reptiles, they seem undoubtedly to have been
more highly organised than any living fish, reminding us of the skeletons
of true saurians by the close sutures of their cranial bones, their large
conical teeth, striated longitudinally, and the articulations of the spinous
processes with the vertebrae.” Furthermore, even if a doctrine of suc-
cessive development had been paleontologically true, “the creation of
man would rather seem to have been the beginning of some more and
different order of things. . . . By the creation of a species, I simply mean
the beginning of a new series of organic phenomena, such as we usually
understand by the term ‘species.” Whether such commencements are
brought about by the direct intervention of the First Cause, or by some
unknown Second Cause or Law appointed by the Author of Nature, 1s a
point upon which I will not venture a conjecture.”

But this was all a rearguard action. The concept of organic evolu-
tion (transmutation of species) was well and truly in the air, and among
liberal thinkers the whiff of revolution that it promised—change and

the capacity for individuals to rise above any “predetermined” station in
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life—was irresistible. Charles Darwin’s own grandfather Erasmus Dar-
win, philosopher, physician, poet, had published various versions of a
theory of transmutation around the turn of the century. His ideas were
taken up and developed by Jean-Baptiste de Lamarck, Buffon’s succes-
sor at the Jardin des Plantes in Paris. Fifty years later Charles Darwin ar-
ticulated the theory of evolution by means of natural selection. In
Darwin’s theory, all organic change is driven by the occurrence of natu-
ral, inherited variation (in every biological feature), tested in the cru-
cible of the environment. The simple fact that all organisms tend to
produce far more offspring in their lifetime than are necessary to main-
tain the population means that not only does each individual have to
contend with the vicissitudes of the environment, but also to compete
against all others in the “struggle for existence.” Only those that are
best fitted for particular conditions survive to produce the following
generation.

A logical consequence of the theory of evolution is that all organ-
isms, living and fossil, are related to one another in a series of branching
family trees. Furthermore, because the earth is constantly changing, ex-
tinction 1s also explained: it is the eventual fate of all species as they are
replaced by others. Not only species but whole lineages (ichthyosaurs
or trilobites, for example) may reach a dead end, while others persist in
greatly changed form. This theory superseded all previous scientific
ideas about life on earth, and it forms the central integrating principle of
modern biology. It also provided the intellectual foundation for biologi-
cal paleontology. Fossils are the documentary evidence of all those fam-
ily trees stretching back in time. They also present a crucial test of the
theory. If they did not document the pattern of branching trees, or if
they showed that change occurred in violent leaps, a different theory
would be needed. With the advent of evolutionary theory, if the science
of discovering fossils had ever seemed like glorified stamp collecting,
now it was at the documentary forefront of science. But that was the
1850s, and getting ahead of our story.'?
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Mary Anning’s World

In regard to quadrupeds . . . every thing is precise. The appearance of their
bones in strata, and still more of their entire carcasses, clearly establishes that the
bed in which they are found must have been previously laid dry, or at least that
dry land must have existed in its immediate neighbourhood. Their disappear-
ance as certainly announces that this stratum must have been inundated. . . . Itis
from them, therefore, that we learn with perfect certainty the important fact of
the repeated irruptions of the sea upon the land . . . and, by careful investigation
of them, we may hope to ascertain the number and epochs of those irruptions of
the sea.

GEORGES CUVIER, “ESSAY ON THE THEORY OF THE EARTH,” 1813

At the same time that the American mastodon was being puzzled over,
two dramatic and scientifically important fossil reptiles were discovered
in Europe. One was very big, one was small. Sometime between 1770
and 1780 “the aquatic Reptile, the Mosasaurus, or Lizard of the
Meuse;*was discovered in one of the underground galleries of lime-
stone quarries In St. Peter’s Mountain, Maastricht, the Netherlands.
Quarry workmen exposed what seemed to be a large skull and then,
luckily, stopped working and called for advice. Dr. J. L. Hoffmann, a
surgeon in the town who had long collected fossils in the quarries, real-
ized 1ts importance and supervised while they took out a huge complete
block containing the skull. The jaws, with some ferocious-looking
teeth, measured no less than four feet long.

Hoffmann got the block home, wanting it for his own collection, but
soon lost it in a legal battle with Canon Godin, who owned the land. The
canon’s triumph was short-lived, however, as Napoleon’s troops besieged
Maastricht in 1795. The canon hid the skull in his cellar, but to no avail.

72
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Hoffmann had corresponded with Cuvier and others about the find and
the French had issued instructions that the specimen must be seized; a
bribe of some bottles of wine soon showed the French troops where it
was. It was taken off to Paris as war booty, where it remains to this day."

The Maastricht skull was by far the largest and most complete fossil
of areptile then known. It still dwarfs many dinosaurs. In Paris, the great
skull and jaws, with their rows of crocodile-like teeth, were studied by
Cuvier, who showed the animal to be a kind of marine lizard. He gave it
the name Mosasaurus (after the River Meuse). It had lived during the
Cretaceous period, some 85 million years earlier. Mosasaurs have not
been particularly plentiful in subsequent fossil collections in Europe, but
they turned out to be particularly important in early discoveries in the
American West, where Kansas became the center of mosasaur finds.

The second discovery was perhaps even more spectacular. In
Bavaria, the Solnhofen limestone quarries are famous both for the fine
grain of their stones—yielding superb lithographic stones—and for the
exquisite preservation of their fossils. Evidently the limestones were
laid down in a shallow, rather poisonous marine lagoon into which ani-
mals were carried by wind or water. Among the most famous of all the
fossils that have been found there was Archaeopteryx, intermediate in
structure between a reptile and a bird. The first Archaeopteryx, how-
ever, was not discovered until 1861 (a feather was found in 1860). Some-
time in the late eighteenth century, workmen at Solnhofen had found,
on the exposed surface of a slab they had split open, the remains of a
delicate little reptile. Once again it was Cuvier who described it, show-
ing that it was something completely new: a reptile indeed, but a flying
reptile with a wing span of some twenty inches. Its extraordinary wing
was created by a web of skin extending from a single elongated finger to
the side of the body. Cuvier called it a ptero-dactyle (wing-finger).

A third discovery was not a physical fossil, but a whole intellectual
approach. The Solnhofen pterodactyl came from quarries that were
packed with fossils. It was such places, where fossils were found in large
numbers in a definable geological context, that, as Cuvier preached,
proved to be the key to understanding the history of the earth. How-
ever, the fossils that were being found in greater and greater diversity



74 FOSSILS AND GEOLOGY

Cuvier’s Pterodactyle skeleton from Solnhofen
(from William Buckland, Bridgewater Treatises, 2nd ed., vol. 2 [1837])

prompted scholars all over Europe to ask disquieting questions about
the planet’s age and development. As we have seen, the mastodon was
one such dangerous fossil, and the pterodactyl was another.?

The key to understanding the earth was not only theoretical, how-
ever, but practical. As is usually the case in such matters, it turns out that
the English geologist and surveyor William Smith was not the only one
to learn to read the correlation of strata by their signature fossils. An-
other breakthrough happened with the study of beds in and around
Paris (the Paris Basin). From early collections there, Georges Cuvier had

thought that the deposits recorded two phases of geological history,
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with a major revolution separating earlier and modern faunas. Then, by
careful surveying and collecting in widely dispersed quarries, Cuvier
and a young geologist colleague named Alexandre Brongniart uncovered
evidence of a succession of deposits, alternating between marine and
freshwater origins, and containing a succession of faunas. Of the mam-
mals they found, one was particularly numerous; Cuvier called it
Palaeotherium (ancient animal) and thought it was something between a
tapir and a camel. Like Smith, Cuvier and Brongniart used fossils
(mostly the shells) to identify and map the successive strata. Over two
decades of work they built up the first detailed picture of a segment of
an ancient world, or rather a sequence of worlds, in change—a story told
both in the rocks making up the earth’s crust and in the animals that
lived in those long-off times.? Paleontology had progressed from the
stage of collection and description to one of systematic analysis. Cu-
vier’s “Preliminary Discourse” (later revised and published as Essay on
the Theory of the Earth) became one of the most influential books on ge-
ology and paleontology in the early decades of the nineteenth century,
fully espousing the idea of extinction and the fact of an ancient, con-
stantly changing earth in which fossil shells on mountainsides and ele-
phants in Ohio were to be understood through rational, material

explanations.

Back in England there was a similarly fortunate coincidence of the dis-
covery of major new kinds of fossils, and the emergence of a group of
young paleontologists keen to study them, untrammeled by the thought
habits of an older generation. Most of the new breed of scholars had
been university trained under Adam Sedgwick at Cambridge University
or William Buckland at Oxford. All were heavily influenced by Cuvier.
Significantly, except for Gideon Mantell, a Sussex doctor, they were all
geologists by training and inclination. These men played a major role in
the study of fossil vertebrates, including the first description of a di-
nosaur, although their contributions to vertebrate paleontology had a
more humble beginning than either the grandeur of the Museum d’His-

toire Naturelle in Paris or the richly paneled halls of the ancient English
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universities. It began out on the cliffs and beaches of England’s south
coast, and with a twelve-year-old girl named Mary Anning.

Mary Anning, by sheer economic necessity, was one of the world’s
first full-time professional fossil collectors. It was she who “sold sea
shells by the seashore.” And most of her “sea shells” were fossils. The
Anning family lived in Lyme Regis, Dorset. The town, essentially a fish-
ing village, had become a popular coastal resort at the turn of the cen-
tury, and one of the attractions was the cliffs, from which waves and
weather constantly eroded a variety of interesting fossils. The Jurassic-
age Blue Lias at Lyme Regis consists of layers of shale and limestone
mar] originally laid down 195-200 million years ago in a shallow coastal
sea. The fossils in the limestones are preserved uncrushed and were
specially sought after. Ammonites (called “snake stones” from their re-
semblance to a coiled snake) were common, along with large isolated
vertebrae and what looked like huge crocodile teeth.

As a young child Mary Anning collected fossils on the beach to sell

to the visiting gentry, as did other Lyme residents. A good ammonite

might fetch half a crown (about six pounds, or ten dollars, in today’s

Cuvier’s reconstruction of the skeleton and body outline of Palaeotherium from the
Paris Basin (from William Buckland, Bridgewater Treatises, 2nd ed., vol. 2 [1857])
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terms and therefore well worth the effort). Her father Richard was a car-
penter but often out of work in the difficult economic times following
the wars with France. He collected on the beach too, as did his wife,
also named Mary (leading to some confusion as to which Mary col-
lected a particular specimen). After Richard Anning died, his twelve-
year-old daughter spent most of her time on the beach and in the lower
cliffs searching for fossils. She was barely literate, although in her later
years she taught herself a little French so as to be able to keep up with
developments on the other side of the English Channel.

The cliffs at Lyme Regis are soft and new fossils are constantly be-
ing exposed by erosion from the weather, especially in winter storms. In
1811, Mary’s brother discovered a set of bones that he carefully con-
cealed from other collectors. Then, over a period of a year, he and Mary
solved the question of what animal the strange “crocodile teeth” from
Lyme Regis belonged to. They found that those teeth came from a kind
of large reptile, up to fifteen feet or more long, with an elongated snout,
remarkable paddlelike limbs, and a long tail. They had excavated what
turned out to be a large, quite complete ichthyosaur: the Jurassic equiv-
alent of a toothed whale. This was not the world’s first ichthyosaur, but
it was the most complete specimen and became the first to be described
properly by scholars. Mary, having taken over the collecting operation,
sold it for twenty-three pounds to a local landowner.

Where others continued to find the commonplace fossils at Lyme
Regis, Mary Anning possessed a gift essential to any good field
paleontologist—she had “the eye.” Out in the field, fossils do not sim-
ply leap out of the rocks or lie there gleaming and pristine, waiting to be
picked up. They have to be picked out in a background of a thousand
confusing shapes, colors, and textures. A fossil collector with “the eye”
will spot the potential in a slight curve to a layer of rock or a trifling dis-
coloration. Where any other mortal would simply walk by, the person
with the eye finds the treasures.

Obviously Mary Anning also had extraordinary local knowledge,
having walked the foreshore and climbed (insofar as was safe) the cliffs
for years. Her second great discovery was in some ways even more dra-

matic than the ichthyosaur. Over the following years she unearthed
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several examples of a different kind of marine reptile, one with a very
long neck and tiny head. Much debate ensued over this creature, as
there was nothing remotely resembling it among living reptiles. (Later
zoologists would describe these creatures as resembling a snake
threaded through a turtle.) Cuvier thought it most likely that a mistake
had been made, and bones from different animals had been mixed. But
Cuvier, for once, was wrong. Another entirely new kind of fossil verte-
brate had been found. Mary Anning sold the first specimen, collected in
1823, to the parson-geologist Rev. William Conybeare, who named a
whole new group for it: the Plesiosauria.

Within a decade the young woman had become famous for her dis-
coveries and her little shop of curios. She was a familiar sight on the
beach with her dog, her thick cloak, and her hammer. When visiting
Lyme Regis, the great and the good would make it a point to meet her.
In 1824, an English gentlewoman, Lady Sylvester, wrote (somewhat pa-
tronizingly but on the whole admiringly, given the times) in her diary:
“[T]he extraordinary thing in this young woman is that she has made
herself so thoroughly acquainted with the science that the moment she
finds any bones she knows to what tribe they belong. . . . Itis a wonder-
ful instance of divine favour—that this poor, ignorant girl should be so
blessed, for by reading and application she has arrived to that degree of
knowledge as to be in the habit of writing and talking with professors
and other clever men on the subject, and they all acknowledge that she
understands more of the science than anyone else in this kingdom.”

Later, Mary Anning discovered the first English flying reptiles
(pterodactyls, like the ones that had been found in Germany). Next, she
found a relative of the sharks that seemed to be a link to the skates and
rays. Wealthy patrons vied to buy these new treasures, and paleontolo-
gists in turn competed for the right to study and describe them. The
status of fossils had subtly changed; they now had serious monetary
value. This might be direct value, as in the case of a purchase, or indi-
rect. University scholars could not contend with the wealthy aristocracy
who wished to add these new fossil discoveries to their cabinets. The
opportunity to describe one of these creatures, however, might set up a

young man’s academic career permanently. And if not fortune—after
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all, Mary Anning always lived on the edge of poverty—then with fossils
might come fame.

No one craved the fame and credentials accorded to leaders among
the new breed of geologist-paleontologists more than the Sussex doctor
Gideon Mantell. Unable, as a religious dissenter, to attend university in
England (which required membership in the Church of England), he
used his whole income—and eventually lost both his medical practice and
his wife—in the search for newer and more exciting fossil vertebrates. Be-
ginning largely outside the academic mainstream of the Geological Soci-
ety of London and the Royal Society, he built a major reputation with the
discovery of fossils in the Tilgate Forest region of Sussex, in southern
England. He might easily have been the first person to describe dinosaur
fossils in England. In his book on fossils of the English South Downs he
reported having found “teeth, vertebrae, bones and other remains of an
animal of the lizard tribe of enormous magnitude, . . . perhaps the most
interesting fossils that have been discovered in the country of Sussex.”*

These turned out to be the remains of a large meat-eating dinosaur,
but Mantell did not know what they were. Then he found some differ-
ent, more or less leaf-shaped teeth, the identity of which was also baf-
fling. Cuvier included a reference to these teeth in his great compilation
Recherches sur les Ossemens Fossiles [Researches on Fossil Bones], but
even he was unsure what Mantell’s creature was: he thought the teeth
might have been from a fish, although he wrote, “it is not impossible
that they also came from a saurian [lizard], but a saurian even more ex-
traordinary than all that we now know.” Unable to obtain the impri-
matur of Cuvier, and perhaps due to the competitiveness of William
Buckland, Mantell did not publish a formal paper on his discoveries un-
til early 1825.5

Buckland, meanwhile, a reader in geology at the University of Ox-
ford, had been working sporadically for more than a decade on some
fossils from Oxfordshire that he, too, was unsure about identifying. As
far back as 1667 Dr. Robert Plot had described a large partial femur
(now lost or strayed) from the Jurassic period found in Stonesfield, Ox-
fordshire. Not knowing what it was, Plot had decided that it came from

a biblical human giant.°
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By 1824 Buckland had a whole new suite of material from Stones-
field in Oxfordshire, including a jaw with teeth and parts of the pelvis
and limbs. Prompted by Cuvier, who wanted to include the Oxford-
shire animal in the new edition of his Ossemens Fossiles, Buckland fi-
nally described it in 1824, concluding—startlingly enough—that it was a
kind of giant forty-foot carnivorous reptile, now known as Mega-
losaurus, or “giant lizard.” (Later, when the Oxford University Mu-
seum moved into its new building in 1860, the Megalosaurus bones
were put on public display, along with ichthyosaurs from Lyme Regis.)

Mantell, seeing that his Tilgate Forest carnivore was the same ani-
mal, had been beaten to publication. However, he quickly described the
creature with the leaflike teeth. It was a thirty-foot plant-eating reptile
that he named Iguanodon (because of the resemblance of the teeth to
those of a living iguana). Seven years later he described a second di-
nosaur: Hylaeosaurus (“forest lizard”), a somewhat smaller, spiky crea-
ture and also herbivorous. It took a brash and even more ambitious
young man to realize that these giant creatures were not simply over-
grown lizards but members of an entirely separate kind of reptile. The
anatomist Richard Owen, who later became the first director of the Nat-
ural History Museum in London, concluded that there had existed a
whole separate category of these creatures, not lizards at all and quite
different from other kinds of reptiles. In 1842, he gave them the name
Dinosauria (deino, for fearful or terrible, and sauria, or lizards).

All these extinct, extraordinary but exceptionally real Mesozoic
reptiles finally dispelled any possible notion that they, or any other fos-
sils, were simply “formed stones”—quirks of the rock mimicking living
organisms. Despite, or perhaps because of, their strangeness they en-
tered the popular imagination without difficulty.

The 1820s and 1830s marked a peak of popularity for the move-
ment of Natural Theology, in which the wonders of nature were studied
as prime examples of the bounty and wisdom of God. William Cony-
beare saw his plesiosaur as “striking proof of the infinite richness of
creative design.” Some people still attempted to equate the new giant
fossil reptiles with great mythical beasts like the Behemoth of the Old
Testament.
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Ichthyosaurs, plesiosaurs, pterosaurs, mosasaurs, and dinosaurs
were documented decades before Charles Darwin’s On the Origin of
Species and before any coherent theory or mechanism of evolution be-
came widely accepted. Conybeare, who speculated that plesiosaurs
were related in some way to crocodiles, dismissed as “monstrous” the
ideas of those who “have most ridiculously imaged that the links (from
species to species) . . . represent real transitions.” Nonetheless, what-
ever theory one might have had about the actual age of the earth or the
role of God in creating it, all these discoveries of ancient fossil creatures
established beyond any doubt that the history of life on earth had been
complex. Clearly, long ago the earth had been populated by creatures
totally unknown today—and not merely by different versions of living
creatures such as the mastodon (which was related to living elephants).
In fact, at least two threads could be traced through the comings and
goings of fossil organisms. Some of them were apparently related to
modern forms, and through them the fossil record could be seen as a se-
quential story, a record of continuity from age to age. Others—many of
them bizarre to modern eyes—had arisen, flourished, and then expired
without leaving any later progeny. As every new excavation had the ca-
pacity to reveal yet another glimpse into these ancient worlds, the role
of the paleontologist in hunting the bones of ancient animals had be-

come tremendously exciting.

The one place where actual results in the field lagged behind the
heightened interest in fossils, however, was the United States. This
might seem odd, given the flying start that the mastodon and great-claw,
and Jefferson and Wistar, had given to the new republic, but the reasons
for the gap are not hard to find. As will be discussed in the following
chapter, fossil bones were scarcely at the front of anyone’s mind, except
for Jefferson and a coterie of Philadelphia physicians. There were many
fewer pure scholars in America than in Europe, and most Americans
were concerned with more practical issues. And there is an even simpler
issue: the availability of specimens. The settled Atlantic states and the

mountains of the immediate hinterland lacked the sorts of exposures of
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older sedimentary rocks and fossil bones that were found in the Paris
Basin or the cliffs of Lyme Regis. Americans were not digging deep into
the ground for quarries, canals (except for the Erie Canal), or roads.
Whatever secrets the earth held deep belowground were not yet re-
vealed, while the surface geology of most of the coastal states was either
a fairly modern alluvium (soils and silts) or bedrock granite from which
glaciers had stripped away the bulk of potential fossil-bearing strata.

For the first few decades of the nineteenth century, mastodon re-
mains continued to turn up in alluvial deposits across the mid-Atlantic
region, from Orange County in New York to Virginia and the Carolinas.
Only in a few pockets, in these early days, were other kinds of bones, of
older ages, being found. This contrasts sharply with today, when we
know of many important, much older, localities on the East Coast
where fossil fishes and reptiles abound.” For example, abundant fossils
of Late Triassic age (140 million years ago) are now found along a long
swath of territory from Virginia to Connecticut, but mostly only in cliffs
and quarries. Interestingly, one such set of localities exists in the bluffs
along the Hudson River at Weehawken, New Jersey, directly opposite
Manbhattan and the site of the infamous duel between Aaron Burr and
Alexander Hamilton in 1804. These remains are preserved in ancient
lake beds, formed in a set of rift valleys similar to those of modern East
Africa. Not only are the specimens well preserved, they tell us a lot
about life 200 million years ago.

Between 1800 and 1850, while discoveries of the mastodon contin-
ued to proliferate, the example of the great incognitum and the great-claw
did not spawn a whole new era of discovery of fossil mammals. Rather,
the field went into something of a decline. For the first decades of the
nineteenth century, the study of fossils remained something of a sideline
of physicians rather than a serious subject for scientists. Physicians were
well able to make detailed anatomical descriptions of fossils, as had Wis-
tar, although few could match his level of perception and insight.

Positioned figuratively between a careful anatomist like Caspar
Wistar (who died in 1818) and the professionalism of scientists of the
second half of the century was a group of physician amateur natural-
ists, mostly based in Philadelphia (by far America’s largest city), who



MARY ANNING’S WORLD 83

described the remains of fossil vertebrates in the 1830s and 1840s. Un-
fortunately they happened to be extremely quarrelsome. In the cold
light of hindsight, they seem to have treated their fossils more as mag-
nificent curiosities to enhance their reputations than as discoveries of
progressive science. It is only fair to note that many of their specimens
were found in very recent deposits (at best tens of thousands of years
old) and did little to illuminate the great debates of the day about the
age and structure of the earth. There was as yet no view (especially no
American view) of an overarching scientific context, no theory of earth
history or of organic evolution, within which to place them.®

In 1824, the Philadelphia physician and keen naturalist Richard
Harlan made a full scientific description of the only surviving fossil—a
Jjawbone from Iowa—that Lewis and Clark had brought back from their
expedition. He thought it belonged to a reptile, possibly related to
ichthyosaurs, and named it Saurocephalus. Soon thereafter, a Philadel-
phia contemporary, Isaac Hays, found similar material in New Jersey,
called it Saurodon, and argued that Harlan’s description had been so in-
accurate that this name should be used instead. Among other fossils, in
1834 Harlan described what he thought was another ichthyosaur
(Ichthyosaurus missouriensis) for a fragment of a reptile snout from
present-day South Dakota. In fact, it was not an ichthyosaur but a
mosasaur (a larger second portion, apparently of the same specimen,
was described a decade later). In the same year Harlan also described a
giant fossil sent from Arkansas as a plesiosaur, which he named
Basilosaurus (king reptile) cetordes (whalelike), although in fact it really
was a whale, so Harlan’s science clearly might be called into question.
However, he was merely doing his best with the material and informa-
tion at hand, and the errors that he and other naturalists made give us a
view of the difficulties of working with the contemporary state of zoo-
logical knowledge.?

Harlan became an important figure in early American natural sci-
ence. He was notorious, however, for his querulous, argumentative
manner, and the small group of men devoted to the study of fossils
gathered together in Philadelphia at that time ended up being divided

rather than united around their subject. Harlan was cordially detested
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by John Godman, for example, who accused him of plagiarism. An
almighty row developed over a mastodon-like creature from Orange
County, New York, that Godman described. Because it had four tusks,
he named it as a new kind of elephant, Tetracaulodon. Others, includ-
ing Harlan, concluded that it was really only another variety of the
mastodon, the four tusks probably being a juvenile feature. Isaac Hays
vigorously defended Godman, who, regrettably, died before his paper
came out. The affair reached Europe, where discoveries in America
were becoming more widely noticed; in England, Richard Owen came
down on Godman’s side."”

The debate further highlighted the fact that there was as yet no fac-
tual base or theoretical understanding of issues like variation within a
species, or knowledge of developmental stages of the mastodon. In-
evitably, any odd variant fossils that were found tended to be described
as new species and genera. Eventually there was consensus that 7etra-
caulodon really was a mastodon.

Unfortunately, the period was marked also by the activities of a
rather shameless showman, Dr. Albert Koch, a German immigrant liv-
ing in St. Louis, who had explored for “animal organic remains in the
far west of the United States”—by which he meant Missouri.” In Ben-
ton County he found a large collection of fossil bones and assembled
them into the monster to which he gave the scientific name Missourium
theristodon (sickle tooth), comparing it with the leviathan of the Bible.
(“Can’st thou draw out leviathan. . . . Upon earth there is not his like,
who is made without fear”; Job 41.) This “Great Missourium,” or Mis-
sourl leviathan, was displayed around the country and in London de-
spite fairly obviously being a fake, as Richard Owen reported to the
Geological Society of London (in the same paper in which he gave his
favorable judgment on Tetracaulodon).”

Koch nonetheless succeeded in selling the skeleton to the British
Museum, where it was eventually reconstructed properly as a rather fine
mastodon. Five years later Koch produced his second marvel, this time
from the Eocene epoch, in Washington County, Alabama, unveiling it
with the name Hydrarchos harlan:. This new monster, over a hundred

feet long, turned out to be a composite of several skeletons of the whale
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that Richard Harlan of Philadelphia had previously described as (the

plesiosaur) Basilosaurus cetoides.

Meanwhile, an interesting new source of fossils had emerged in the valley
of the Connecticut River in Massachusetts. As the river flows south from
Vermont it cuts through the Triassic “New Red Sandstone” that early
geologists confused with the Devonian “Old Red Sandstone” of the
Catskills. As the dense, dark red rock along the river valley began to be ex-
ploited for use in building, where it became known as brownstone, slabs
were unearthed that were covered with three-toed footprints. Some foot-
prints were a foot or so long, with a clear imprint of a number of segments
and claws, as if made by a giant turkey or ostrich. These slabs were first
noticed, apparently, by a boy named Pliny Moody on his father’s farm at
South Hadley, Massachusetts, as far back as 1802. In 1836 a local doctor
saw more footprints on “flagging stones” from a quarry near Montague,
Massachusetts, and drew them to the attention of Dr. Edward Hitchcock,
president of nearby Amherst College, who had recently completed the
first geological survey of Massachusetts. Hitchcock promptly described
them as the footprints of five different species of giant birds—a conclu-
sion that seemed more reasonable when, four years later, Richard Owen
described the Moa, a giant flightless fossil bird from New Zealand. "
Despite much skepticism about his “birds” on the part of contem-
porary scientists, and the charge that footprints were not even real fossils,
Hitchcock threw himself into the discovery and description of more
specimens and founded the new science of these tracks and other traces
left by animals, which he called ichnology. His work culminated in 1856
with the publication of Ichnology of New England, in which he described
and named dozens of “track-way” species, including mammals, lizards,
“batrachians” (amphibians), and chelonians, as well as “birds.”> Even-
tually it would be realized that these were tracks made by Triassic di-
nosaurs. Other trackways were found in Europe at about the same time,
and new sources from other ages soon appeared in the United States,

including a reptile track from near Pottsville, Pennsylvania.'®
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An American Natural Science

In Europe, naturalists form an extensive community, are governed by the pure
love of the science of nature. There is not a branch of natural knowledge that is
not under investigation there, by men eminent in science. . . . It is painful to per-
ceive what conspicuous blanks are yet left for America to fill up, and especially in
these important branches, American geology and American organic remains.

G. W. FEATHERSTONHAUGH, MONTHLY AMERICAN JOURNAL OF
GEOLOGY AND NATURAL SCIENCE, 1831

With a namelike Feathérstonhaugh (pronounced Fanshaw), the editor
of the fledgling Monthly American Journal could only have been En-
glish. George Featherstonhaugh was a well-off Englishman who moved
to America, married intg society, and set about establishing himself as a
geologist. He hoped that the journal would make his scientific reputa-
tion. In his disdain he seems to have missed the point that the intellec-
tual and'empirical traditions of his adopted country were different from
those in Europe.

Across the Atlantic, before the establishment of a few professional
positions for geologists and paleontologists in universities and muse-
ums, there had already been a long tradition of amateur naturalists of
great seriousness. Often, like Gilbert White, the author of Natural His-
tory and Antiquities of Selborn (1788), they were country parsons. In the
American context, on the other hand, there was a preoccupation in-
stead with what Jefferson called “useful knowledge.” Patterns of leisure
and personal wealth were different. There was no great moneyed leisure
class in America, and little stomach to accept such a lifestyle even in

those who might afford it. In the new century, although American
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scholars assiduously kept up a correspondence with their British and
French counterparts, there was also an intense patriotism and, as in
Jefferson’s time, a deep ambivalence regarding Europe. Featherston-
haugh was certainly correct that the United States needed to develop
its own libraries and scientific collections, and to train its own savants.
Jefferson had long before said the same thing, as had Franklin before
him. A frankly nationalistic motive lay behind Noah Webster’s first
American dictionary, in 1828, for example. But Jefferson also had to ar-
gue vociferously against tariffs that made European books too expen-
sive in America.

Among those calling for a new investment in natural science for
nineteenth-century America, Rev. Nicholas Collin urged the American
Philosophical Society to encourage research on native plants: “very few
of them are well known as to the extent and peculiarity of their quali-
ties, and a very small number is adopted either by the apothecaries, or
regular physicians.” Also important were insects and spiders, “because
some of these do us remarkable mischief,” and snakes, for the same rea-
son. Of the native mammals he warned (presciently) that “wanton de-
struction of the buffaloes on the Western country ... should be
checked.” And he argued against destruction of small birds deemed to
be of no value because of their potential importance in the overall “oe-

conomy of nature.”

Museums and botanical gardens should be
founded. He even voiced the complaint that we do not understand
“changes in the atmosphere,” the “irregularity of our seasons (being) a
great impediment in the business of social life.”

Even more influential than Collin was Benjamin Smith Barton,
America’s leading botanist after John Bartram and his son William. Bar-
ton was also a physician, anthropologist, and archaeologist and had a
keen appreciation of geology and mineralogy. A member of the Ameri-
can Philosophical Society—the nearest thing to a scientific Establish-
ment that America then had—he decried the absence of serious work in
natural science in the United States, and criticized the little that was
being done as too arcane and impractical.

Barton was a great one for lecturing people, as in the talk he gave in
1807 to the fledgling Philadelphia Linnaean Society—a gathering of
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like-minded naturalists—which was distributed as a small pamphlet: 4
Discourse on Some of the Principal Desiderata in Natural History and
on the Best Means of Promoting the Study of this SCIENCE in the United
States.* Here, in what amounted to a review of the scientific “state of
the nation,” he set out an American scientific agenda. He would have
none of the gentlemanly butterfly collecting and classifying on the old
English naturalist model. He defined natural history, for Americans, as
more: “Natural History . . .1s ... or it ought to be, necessarily a Sci-
ence of Facts. But no science more than this calls for systems and
arrangements of acts, and for reasonings concerning them. One of the
higher claims of Natural History is, that it so easily admits, in many in-
stances at least, of just and happy arrangements; and of beautiful and
correct theories; of theories, too, which are permanent, and not those
false, those evanescent creations of a day, by which Medicine (not to
mention other science) has sometimes been injured, and often sullied,
disfigured, or disgraced.”

Barton was scornful of those who clung to the idea that species had
not (and could not) become extinct. Taking direct aim at Jefferson, he
wrote in a letter to the French natural philosopher Lacépede (Bernard-

Etienne-Germain de la Ville-sur-Illon, comte de Lacépede):

The American species [the mastodon] is unquestionably lost;
for nature, it would seem, 1s much less anxious to preserve the
whole of created species than some illustrious naturalists have
supposed. . . . I speak of these animals as extinct. In doing
this, I adopt the language of the first naturalists of the age. No
naturalist, no philosopher; no one totally acquainted with the
history of nature’s works and operations, will subscribe to the
puerile opinion, that Nature does not permit any of her species
of animals, as of vegetables, to perish.

We are already in possession of a sufficient number of facts
to establish this point, that the continent of North America was
previously inhabited by several species of animals, which are
now entirely unknown to us, except by their bones, and which,

there is every reason to believe, now no longer exist. . . . For
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what can be more interesting than histories of the species
which formerly inhabited the Globe, and have now entirely
disappeared.3

Barton continued his attack on Jefferson’s science by stating: “There
1s, without doubt, a harmony in the works of nature:—a harmony
beautiful and divine! There is a passage by gradual and intermixing
characters from species to species, and from genus to genus. BUT
THERE IS NO SUCH THING AS A CHAIN OF NATURE: an absolute depen-
dence (on this earth) of one species upon another. Plato’s chain of na-
ture is a dream.”*

While Peale’s Museum found favor with Barton as being “very re-
spectable, both for the number and value of the articles which it con-
tains,” he saw that the greatest need was in the sciences of the earth.
“Of all the branches of natural history, none, I think, is so little culti-
vated in the United States as mineralogy. This is the more remarkable,
not merely by reason of the great utility of this branch of the sciences,
but because its sister science, I mean chemistry, 1s ardently cultivated in
Philadelphia.” Philadelphia was still the nation’s second largest city and
the center of a thriving industry of manufacturing chemistry. Barton
knew that Americans, as they moved from a Jeffersonian model of a so-
ciety of farmer-citizens to one of city-dwelling citizen-burghers, would
need coal to replace the wood that was already in short supply around
the big cities. They would need limestone for burning, ironstone for
smelting, and alum, mercury, lead, precious metals, even whetstones.
They would need every kind of manufactured chemicals. All that would
depend on knowledge of geological resources.

True to his ideal of mixing practical and theoretical science, Barton
was possibly the first to describe a remarkable fact of American geol-
ogy. In 1785 he wrote: “The strata in the countries west of the great
Alleghany-mountains, are, in general, horizontally disposed, while the
strata, of the same materials, in the countries between the mountains
and the Atlantic, are almost all disrupted and placed at an angle of about
45 degrees. The very different arrangement, then, of the strata of stony
material, of coal, of iron-ore, etc, in the countries on both sides of the
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Alleghany-Mountains, is one of those great features in our country, for
which we have not yet been able to give a satisfactory theory. But I
doubt if such a theory is beyond the reach or grasp of science. . .. We
shall, at some future period, possess a correct theory of the earth. But
such a theory is not to be attained, by the mere aid of genius or imagi-
nation, in a cabinet of little fragments of stones, of earth, and of met-
als.” This discovery about the geology of the West, made even before
the country had been properly explored, became one of the defining
features of American geological science. If rocks of the same apparent
age, on either side of the Alleghenies, were arranged so differently,
powerful forces and unusual geological conditions must have prevailed

there.

Before 1800, America took its intellectual cues from Europe. All the ref-
erence books available to American scholars, and textbooks in every-
thing from medicine to agriculture, for example, were European and
largely British. Serious scholars naturally expected to study and train in
Europe and also to publish their work there. No American university
yet taught courses in science. Among the major figures in American nat-
ural science of the time who had trained abroad were Barton (Edin-
burgh and Géttingen), the mineralogist and manufacturing chemist
Adam Seybert (Edinburgh, Goéttingen), the chemist and geologist
Samuel Latham Mitchill (Edinburgh), the physician and zoologist
James De Kay (Edinburgh), the chemistry and geology professor Lard-
ner Vanuxem (Paris), and the physician, naturalist, and pioneer ethnog-
rapher Samuel George Morton (Edinburgh). Their choice of universities
fairly accurately reflected the relative merits of European universities at
the time. Oxford and Cambridge are conspicuously absent from the
list; not only did they not admit dissenters, until the 1830s they were
bogged down in old ways (classics and preparation for the church)
rather than facing the challenges of late Enlightenment natural philoso-
phy and medicine. In fact, Morton studied medicine at Edinburgh only
a few years before a young English naturalist named Charles Darwin

did exactly the same. In those days Professor Thomas Charles Hope
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lectured there on chemistry, being famous for his showy demonstra-
tions and promotion of James Hutton’s theory of the earth. Robert
Jameson (an advocate of Abraham Gottlob Werner’s opposing views on
the origin of basalts) covered all aspects of natural history and geology
and was enormously influential as the translator and editor of Cuvier’s
Essay on the Theory of the Earth.

But the focus began to shift. Not only were an increasing number of
scholars transferring to a scientific career after having studied law or
theology at home (Benjamin Silliman, James Dwight Dana, and Edward
Hitchcock, for example), the country was significantly enriched intel-
lectually by men who migrated from Europe, bringing their skills with
them and helping to train the new generation of Americans. Much of
this brain drain from Europe resulted from an awareness of the oppor-
tunities presented by the New World. The political and religious reac-
tion against free-thinking that followed the excesses of the French
Revolution drove others across the ocean, with the prime example be-
ing the chemist and Protestant theologian Joseph Priestley, who was
forced to flee Great Britain and came to the United States in 1794. By
the first decade of the 1800s the French Revolution had produced a
great backlash of fear of social experimentation in England, Germany,
and France. The whole nation of the United States, by contrast, was an
exercise in religious and political freedom, and conducted through a
different kind of democracy. It was a magnet for independent scholars.

Among the immigrants from England was the botanist Thomas
Nuttall. One of the great explorers of the lands beyond the Mississippi,
Nuttall made a very early series of expeditions across the West as far as
Missouri. In 1809 he traveled from the Great Lakes down to St. Louis
and then up both the Missouri and Arkansas Rivers. Like Barton before
him, he was fascinated by the “near approach which the calcareous and
other strata west of the Alleghany mountains make to the horizontal
line,” even though in terms of lithography they “presented not a single
dissimilar figure [to] the mountain limestone of Derbyshire.” Even this
extremely observant scientist and careful field collector found very few
fossils, however.%

Like Lewis and Clark and so many other western explorers, Nuttall
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had to stick close to the rivers along which he found his routes through
the interior. And many of the potential exposures of fossil-bearing
rocks along the banks of the Missouri and its major tributaries were
covered by very recent alluvial sediments. To probe fully into the struc-
ture of the vast expanse of “horizontal” secondary rocks (what we call
the Mesozoic and Tertiary layers) of the trans-Allegheny West that so
intrigued Barton and others, and to find their true relation to the geol-
ogy of Europe, let alone to find fossils in any numbers, would require
exploring deeper into the canyons and badlands of the hinterlands
where streams running off the Rockies had carved deep into the surface
of the earth. And until that happened discoveries of fossil vertebrates
would be rare.

Another important immigrant was America’s first great ornitholo-
gist, Alexander Wilson, a radical who came from Scotland in 1797 and
became a devoted ally of Jefferson. He complained (with all the convic-
tion of the poacher turned gamekeeper) of “being obliged to apply to
Europe for an account and description of the productions of our own
country” and produced the first treatise on American birds since Mark
Catesby’s Natural History of Carolina, Florida, and the Bahama Is-
lands of 1731.7 But perhaps the most influential scientific immigrant of
this period was an extraordinary man named William Maclure.

By any modern standard, Maclure was a millionaire, having made a
fortune in business before leaving what he referred to later as “old Eu-
rope, for some time past in her dotage.”® He immigrated to the United
States in 1803 at the age of forty. A man equally interested in ideas of so-
cial justice, liberty, and education and in the value of modern science,
he immediately set about pursuing his passion for geology and pro-
duced the first real geological map of North America.

The first map showing the occurrence of fossil remains in America
was made by the botanist John Bartram. Dated to the 1740s, it is a sim-
ple freehand sketch of the eastern seaboard and indicates various places
where he found “sea shells in stone.” (Ben Franklin wrote on the back
of the map that it was “very curious.”) A cursory survey of American
geology had been made by the French intellectual Count Constantin-
Frangois de Volney, who fled France in 1795. “Saddened by the past
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and anxious for the future, I set out for a land of freedom, to discover
whether liberty, which was banished from Europe, had really found a
place of refuge in any other part of the word. . . . I beheld nothing but
a splendid prospect of future peace and happiness, flowing from the
wide extent of improveable territory.” Unfortunately, anti-French
hostility forced him to return to Europe three years later, following pas-
sage of the Alien and Sedition Acts and, as Volney wrote, “so violent an
animosity against France, and a war seemed so inevitable, that I was
obliged to withdraw from the scene.”

William Maclure single-handedly surveyed the eastern United
States. In the same painstaking way that William Smith had produced
his famous geological map in Great Britain in 1801, Maclure made his
survey by horse and on foot and is said to have crossed the Appala-
chians no fewer than fifty times." Like Volney, Maclure produced what
might be called a physical geography of the United States, with much
emphasis on such useful matters as climate and soil types. In this re-
spect, Maclure’s map, together with five rather conjectural cross-
sections through the Appalachians, and the accompanying text
perfectly reflect its American context. The book is a classic of useful
science: of the four chapters, two describe the surface geology of the
land, one discusses the breakdown of rocks to form soils, and the last
relates all this to the fertility of soils.

For the first time, however, Maclure identified and mapped rocks
according not just to their mineral type but to their status in the formal
sequence (the “geological column”) currently being elaborated. He de-
lineated four classes, marking them in different colors: Primitive, Tran-
sitional, and Secondary rocks, and Alluvial deposits (described further
in Appendix A). In a later revision he added a category of “Old Red
Sandstone” for what he thought was a single band of primarily red-
colored rocks running from the Connecticut River valley to the Catskill
Mountains. While this might seem rather sketchy and superficial com-
pared with the rich detail of Smith’s British map, it was a superb
achievement given the vast area to be covered and the fact that there was
no history of geological discovery to build upon.

Like Barton, Maclure noted that to the west of the Appalachians, in
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the Mississippi and Missouri country, the Secondary layer was all hori-
zontal, and “for the extent of the surface it covers and the uniformity of
its deposition, is equal in magnitude and importance, if not superior, to
any yet known. . . . We have indeed every reason to believe . . . that the
limit of this great basin to the west, 1s not far distant from the foot of the
Stony mountains. . . . The foundation of most of the level countries is
generally limestone, and the hills or ridges in some places consist of
sandstone.”?

Subsequent generations of geologists and fossil collectors would
amplify Maclure’s sketchy notes into a major geological paradigm: the
convergence of a modern sea of grass with ancient ocean sediments be-
lowground, to tell the story of the geological history of the West, of its
fossils, and of the diversity of life that they represented. Throughout
the following century this set of images would dominate accounts of the

geologists and bone hunters who explored the “Missouri country.”

Perhaps just as important as Maclure’s science was his role in encourag-
ing and developing science in others. From 1817 until his death in 1840
he was president of the new Academy of Natural Sciences of Philadel-
phia. The founding of the academy in 1812 marked a significant step to-
ward meeting the goals set out by Benjamin Smith Barton. A group of
Philadelphians, several of them young;, all of them social reformers and
enthusiastic, but by no means accomplished, naturalists founded the
academy as “a society devoted entirely to the advancement of useful
learning.” John Speakman was an apothecary and Thomas Say his ju-
nior partner. Jacob Gilliams was a dentist who had once treated George
Washington, John Shinn was a manufacturing chemist, and Nicholas
Parmentier was a distiller from France; Gerard Troost, a former phar-
macist from Holland, had a factory for manufacturing alum (used in
medicine and dyeing). Dr. Camillus Mann was the sole physician. Sig-
nificantly, there were no members from the American Philosophical So-
ciety’s social elite. This was definitely a different generation.” They
were all avid collectors—minerals and shells being the favorites—and

soon founded a museum in which they merged their collections.



Maximum extent of the Late Cretaceous seaway (shaded) over North America,

75 million years before the present
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Although its founders were all practical men rather than scholar-
philosophers, the academy was to become one of the leading scientific
institutions of nineteenth-century America.

In 1817, the academy established a journal of natural science
(Maclure helped the young journal along by buying the academy its
own printing press). The first volume of the Fournal of the Academy of
Natural Sciences mostly contained papers describing and classifying
new species—of plants, crustaceans, fishes, and insects. The one bio-
logical essay was on the parasitic Hessian fly (one of the “injurious in-
sects” that Collin had been concerned with). Eventually, the Fournal
and later the Proceedings became a major vehicle for publication of the
discoveries of fossil vertebrates from the West. The library and collec-
tions of the academy quickly grew to fill a crucial gap in America’s early
resources in natural science. One of their important purchases was the
mineral collection that Adam Seybert had brought from Europe, which
made the academy the center for mineralogical study in America.t

Also 1n 1817, a group led by James Ellsworth De Kay founded the
New York Lyceum of Natural Sciences (now the New York Academy of
Sciences), with aims similar to those of the Philadelphia academy, al-
though it was never as successful or influential. The following year, nat-
ural science was further encouraged when Benjamin Silliman at Yale
began publication of the American Journal of Science and the Arts. Back
in 1802 Yale University had taken the unprecedented step of appointing
someone to teach sciences; the appointment of Silliman was engineered
by Federalists to counter the Jeffersonian deist approach to science,
which they saw as leading to heresy."

Although he had trained as a lawyer and needed to travel to
Philadelphia to learn some geology and mineralogy before he could
teach the Yale students, Silliman soon became another of the dominant
forces of early American geology. In introducing his new journal he saw
natural history as comprising “three great departments of Mineralogy,
Botany, and Zoology,” which stood alongside “Chemistry and Natural
Philosophy and their various branches: and Mathematics, pure and
mixed.” Science for Silliman, like Jefferson and Barton, was something
inherently practical; of his new journal, he wrote, “while Science will be
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cherished for its own sake, and with all due respect for its own inherent
dignity; 1t will also be employed as the handmaid to the Arts, its numer-
ous applications to Agriculture . . . the Manufactures, both mechanical
and chemical; and to Domestic Economy.”

Silliman’s Journal, as it was commonly known, published papers in
paleontology right from the beginning, but its main subject was geology
and mineralogy. In his inaugural issue, Silliman echoed Barton in
noting that “Natural History has been most tardy in its Growth, and no
branch of it was, till within a few years, involved in such darkness as
Mineralogy, . . . notwithstanding the laudable efforts of a few gentle-
men. . . . [O]nly fifteen years since, it was a matter of extreme difficulty
to obtain, amongst ourselves, even the names of the most common
stones, and minerals.” For this he blamed the preponderance of teach-

ing the classics in schools.®



T EN

An American Geology

“Mr Maclure has, with great ability, sketched the outline; but much
labour 1s still needed in filling up the detail,” wrote Silliman in the first
issue of his new journal. But Maclure would not be the one to do it.
Parker Cleaveland was professor of mathematics and natural philoso-
phy at Bowdoin College (like Silliman, he trained first in law and theol-
ogy). He produced the first textbook of American mineralogy in 1816,
and for the first time there was a domestic rival to European textbooks,
such as the enormously influential Manual of Mineralogy by Robert
Jameson at Edinburgh.'

Meanwhile, Maclure had many interests other than science, and in
1826 he took a number of learned Philadelphians off to New Harmony,
Indiana, to the utopian colony of scholars and educators founded there
by another British emigrant, Robert Owen.

Within a couple of years the utopian experiment had failed,
but the community of keen scholars continued to flourish there on
more conventional terms. Being relatively isolated in Indiana, the
community had to have its own library and scientific collections, in-
cluding an excellent mineralogical collection with many reference
specimens of European rocks. And it was from here that one of the
first successes of American geology arose. Among those who went
with Maclure was Thomas Say, a protégé of Maclure, now both a
skilled entomologist and one of the leading experts in the identifica-

tion of living and fossil shells. Say had taken it upon himself almost

98



AN AMERICAN GEOLOGY Q9

single-handedly to raise the level of American natural science to that
of Europe.?

The first task in any geological surveying project is to identify the
kinds of rocks through their detailed mineral makeup. Cleaveland had
provided a mineralogical basis for identifying American rocks, at least
in the Atlantic region. Next, as William Smith established, comes the
work of stratigraphy—of comparing the signature of each layered rock
type with others, regionally, nationally, or worldwide. And that de-
pended on the fossils. As was often the case in the history of American
geology and paleontology, deciphering the complexities of American
strata and their relationships to those of Europe did not involve discov-
eries of strange and wonderful fossil vertebrates; rather, it was about
finding the more lowly shells and other invertebrates. Say was the first
American to extol the importance of William Smith’s methodology—in
an article on fossil shells in the first volume of Silliman’s new journal.?

For a decade, however, nothing much happened on this front, until
Lardner Vanuxem, a Philadelphian who had trained at the Ecole des
Mines in Paris and had recently retired from teaching chemistry and
mineralogy in South Carolina, began an intense study of the geology of
New York, Ohio, Kentucky, and Virginia for the New York legislature
(before the State Geological Survey had been organized). In 1828 he
started to pull his thoughts together in a series of notes for a paper on
the “Secondary, Tertiary, and Alluvial formations of the Atlantic Coast
of the United States.” When he departed for a long trip to Mexico,
Samuel Morton edited Vanuxem’s notes on the fossil invertebrates,
principally an abundance of shells, to produce the first study using
William Smith’s methods to distinguish strata in the Atlantic region and
to correlate them with European beds.*

As Vanuxem and Morton had noted, the surface deposits of the At-
lantic states had “by most writers been referred to the Alluvial as consti-
tuting a single deposit; while by others they have been designated by the
general name of Zertiary.” Vanuxem and Morton instead demonstrated
the existence of Secondary, Tertiary, and Alluvial formations and
showed the relationships between the Secondary Cretaceous beds of

America (principally the greensands and marls of New Jersey) and
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those of Europe. This was not only a milestone in the development of
American geology and paleontology—it opened the way for future pale-

ontologists exploring the vast array of Secondary beds in the West.

Soon, across the Union, state after state realized the importance of sur-
veying its geological resources, both in terms of learning about soil
types for agriculture and discovering commercially useful minerals—
everything from building stone to coal, iron ore to limestone, and not
forgetting gold and silver, of course. After some preliminary efforts in
North and South Carolina (1823 and 1824), the first state geological sur-
vey was organized in Massachusetts in 1830, followed quickly by Ten-
nessee and Maryland (1831), New Jersey, Connecticut, and Virginia
(1835), and New York, Maine, Ohio, and Pennsylvania (1836).5 At the
same time, the federal government began to commission its own sur-
veys. Its first venture was conducted by none other than George Feath-
erstonhaugh, who styled himself “U.S. Geologist.” He explored the
mineral deposits of “the elevated country lying between the Missouri
and Red Rivers, known under the designation of the Ozark Moun-
tains,” in 1834.9

Soon David Dale Owen of the New Harmony community (son of
founder Robert Owen) was commissioned to make a geological survey
of Indiana.” In 1839 the Treasury Department of the federal govern-
ment recognized the need to survey the lands that it owned if they were
to be sold or leased for mining, and Owen became the first director of a
fledgling United States Geological Survey. Shortly thereafter he was
commissioned to survey the mineral potential of Wisconsin, Min-
nesota, and Towa.

For the purposes of our story, however, one of Owen’s most im-
portant explorations was a repeat journey to Iowa and Wisconsin made
between 1847 and 1850. As discussed in the following chapters, it was
during this “Wisconsin Survey” that the full potential of the West for
the discovery of fossil vertebrates was first realized.®

In the meantime, some of the most important geological discoveries
had already been made in New York State by Samuel Latham Mitchill,
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who had started reviewing the geology of the region as early as 1798.
The geology of New York turned out to be extremely complex and es-
pecially rich in rocks of what in Europe was being called the Transi-
tional Series—except that they contained fossils. Suddenly the state
became a hotbed of geology; one of its most colorful students was a
man named Amos Eaton.

Eaton was neither a blue-blood Philadelphian nor someone who
had fashionably studied science in Edinburgh or Paris. He was a home-
grown and largely self-trained lawyer and naturalist from New York
State who was guided into geology by Mitchill. His career now seems
more film script than fact and a textbook example of what could be ac-
complished by intelligence and ambition in America. In his work, as in
his personal life, Eaton constantly overreached himself, with the result
that he put many wild theories and simple errors into print, and made
many enemies. He had one prominent sponsor in the form of Stephen
Van Rensselaer, however. When he was put in jail at one point for land
fraud (probably a trumped-up charge), he even turned that to his ad-
vantage, coaching John Torrey, the son of the prison director, in natu-
ral history. Torrey later became one of America’s greatest botanists. As
a reward for exemplary behavior Eaton gained an early release from
prison, but it came with banishment from the state of New York. So
Eaton went off to Yale, at the age of thirty-one, to learn more geology.
Van Rensselaer (by then the governor) later repealed his exile and put
Eaton to work at the Rensselaer School, now Rensselaer Polytechnic In-
stitute, in Troy, New York.

Apart from the fact that Eaton was one of the most colorful, if ec-
centric, often wrong, and sometimes downright obnoxious characters
in American science, we can confidently look for good things in him be-
cause G. W. Featherstonhaugh hated him so, lambasting him for “his
extravagant self-degradation, . . . the confusion he has introduced into
American geology.” Eaton deserved a lot better than that. His first ma-
jor work was his Index to the Geology of the Northern Unaited States of
1816, for which he claimed to have walked one thousand miles. The In-
dex was in every way the successor to Maclure’s Geology that Silliman

had wished for. He was an early pioneer of using William Smith’s
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methods for correlating strata. Eaton’s geological map of the United
States was directly based on Maclure’s, but the level of detail was far
greater. He followed up in 1821 with a survey of Rensselaer County,
New York, and the following year he surveyed the geology of the Mo-
hawk Valley and Erie Canal region.

Over his career Eaton published expansively. His books on Ameri-
can geology, combining direct observation with some often eccentric
ideas about geological processes and the history of the earth, were
enormously influential. One of Eaton’s greatest achievements was his
tutelage of two giants of American science, John Torrey and James
Hall. The latter was his student at Rensselaer School, where Eaton
spent the last eighteen years of his life. In turn one of Hall’s finest
pupils was John Strong Newberry, a professor at Columbia and director
of the Ohio Survey. A line of scholarly genealogy links Mitchill, Eaton,
Hall, and Newberry and the developing sense of an American geology
in the first decades of the century to all the successes of the bone
hunters of the second half.

Benjamin Smith Barton had been right in predicting that geology would
be the first of the sciences to emerge in a unique American form.
Through the work of Eaton, Mitchill, and especially James Hall, the
stratigraphy of the Transition Series rocks (the part of the geological
column that we now label Cambrian, Ordovician, Silurian, and Devon-
1an) and fossils of New York State was not only deciphered but became
a textbook example. And not just for a few fellow geologists. Across the
eastern states, in the 1830s and 1840s, popular interest in geology and
nature grew as well, as the public became fascinated not only with the
thought of the mineral riches under the ground in the form of coal and
metals, but also with the history of the earth itself. Popular lecturers tit-
illated their audiences with news of an ancient and changed (perhaps
even still changing) world of mountains being raised up and then
ground down again, of ancient seas where now there is dry land, and of
extinct creatures living in the Paleozoic seas—all of it seductively con-
trary to what the Bible said about the origins of the earth.
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The successes of American geologists in deciphering the Transition
Series, and the tantalizing problem of the vast horizontal beds beyond
the mountains, helped further the growing realization at home and
abroad that North America was potentially a huge open textbook for the
discovery of the geological structure of the earth and its ancient inhabi-
tants. The result was that in 1841 the greatest European geologist of his
age (and, really, of all time), Charles Lyell, came to America to see for
himself. Although the ideas of James Hutton had finally become the cen-
tral theme of geology, it was only after they had been greatly extended by
Lyell (another Scot, who lived and worked in London) that geology was
placed on a thoroughly firm empirical and theoretical footing. Lyell’s
three-volume Principles of Geology, published between 1831 and 1833,
written from the experience of his extensive travels around the world,
made geology and paleontology a truly international science. Principles
finally displaced Cuvier’s Essay as the seminal text in geological science.
Reading Lyell while on the voyage of H.M.S. Beagle, for example, con-
vinced Charles Darwin that he should become a scientist, and it was as a
geologist that Darwin had his first professional successes.

Lyell proposed to make an eight-to-ten-week trip to America, ex-
ploring the geology of New York State and “the country about the Falls
of Niagara and Lake Ontario.” Lyell was in fact a most welcome guest,
but there is always some danger in showing another expert the results of
your research if you haven’t fully analyzed and published it yourself.
Some consternation was caused when James Hall later reported to Silli-
man: “Mr Lyell had made arrangements with Wiley and Putnam of
N.Y. to publish an edition of his Elements [Elements of Geology, 1838]
with notes and additions to American geology. You may well suppose
that I was amazed, and can it be possible that Mr Lyell will take this
course after all his repeated declarations that he should publish nothing
till after the appearance of our Reports here? . . . piracy in its worst
form . . . after having spent my time and money to explain to him the
structure of the rocks of NY., in all of which I kept back nothing. . . .
By a few weeks in this way he has learned what has cost us years of labor
and which he is now to palm upon the Gullible American public as his

own. Already the newspapers are lauding him in advance.”"
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It turned out that this alarm was based on a false rumor, but the in-
cident demonstrates a particular difficulty in scholarship and foreshad-
ows one of the greatest tragedies in American science. The entire world
of ideas has a problem with priority and “ownership.” If scholars and
artists could not talk together and share ideas and experiences, progress
would be very slow. But with communication comes the danger of what
Hall angrily called “piracy.” In geology the problem is compounded by
the fact that the rocks cannot be hidden away in a studio or a desk
drawer but are there for all to see (of course, the advice of alocal expert
1s extremely useful in interpreting them). The episode may also show
more than a little of the long-standing American dilemma with respect
to Europe: Hall wanted to show Lyell the work he had done but still re-
sented the fact that uninformed people might think they needed a Euro-
pean to explain the subject to them.

In the end, Charles Lyell came to America and was convinced: “We
must turn to the New World if we wish to see in perfection the oldest
monuments of earth’s history, so far at least as it is related to its earliest
inhabitants. Certainly in no other country are these ancient strata devel-
oped on a grander scale, or more plentifully charged with fossils. . . .
[T]he order of their relative position is always clear and unequivocal.”
And Lyell was writing only about what he knew of New York State and
New England. He had as yet no idea of the vast natural laboratory of ge-
ology represented by the American West, still only just being opened

up to geological exploration and survey."
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Bad Lands
No Time for Ideas

We have recently received information from Mr. H. A. Prout, of his discovery of
the remains of a Palaeotherium in the tertiary near St. Louis.

AMERICAN JOURNAL OF SCIENCE AND THE ARTS, 1846

In'1841, toward the end of his first visit to America, Charles Lyell trav-
eled to Philadelphia, where he met a young physician named Joseph
Leidy who had already made a reputation both for his skill as an
anatomist and microscopist and for his elegant and meticulous scientific
drawings. Lyell pointed out to Leidy that although people like Eaton,
Hall, Newberry, Say, Morton, and Vanuxem had used their knowledge
of fossilanvertebrates to make major discoveries in the stratigraphy of
the New York Transition Series and the New Jersey Cretaceous, and de-
spite the earlier discoveries of the mastodon and great-claw, Americans
were not seriously studying fossils. There was much work to be done on
collections steadily being assembled from the mid-Atlantic states; the
great American West was still completely terra incognita. Lyell encour-
aged Leidy to take up the study of fossil vertebrates to fill those gaps.
“Stick to paleontology. Don’t bother with medicine. Stick to paleontol-
ogy. That is your future.”

Joseph Leidy is one of the more intriguing characters in the story of
American science. If he had never looked at a fossil, he would still be (or
ought to be) famous as the discoverer of, among other things, the para-

sitic nematode worm that causes trichinosis. As a paleontologist Leidy
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was almost single-handedly responsible for describing the first fossil
vertebrates to emerge from the West. He made possible the discoveries
of dinosaurs and other scientific wonders that Thomas Jefferson
guessed must be lurking beyond the Mississippi. But today he receives
little credit for his paleontological contributions, his reputation having
been eclipsed by others with a keener feel for self-promotion and, it has
to be admitted, a greater sense of adventure.*

Although he trained as a physician, Leidy, a member of a fairly
wealthy Lutheran family, never really practiced. Instead he found his
vocation in teaching, in research at the microscope looking into the ma-
terial causes and manifestations of diseases, and in documenting the
finest aspects of the anatomy of the lower animals. It was his skill as an
artist depicting his dissections that first brought him fame, but his ge-
nius was purely intellectual. The Academy of Natural Sciences became
his spiritual home, and he was its president for many years. In 1845, at
the age of twenty-two, he was appointed curator of the Anatomical Mu-
seum of the University of Pennsylvania. In 1852 he was appointed pro-
fessor of anatomy at the university.

Leidy was a private man in an increasingly brash world, but he
cultivated a broad range of scientific colleagues and correspondents.
One of the most important of these was Spencer Fullerton Baird,
formerly professor at Dickinson College in Carlisle, Pennsylvania,
who in 1846 was appointed assistant secretary of the brand-new
Smithsonian Institution. Under Baird and secretary Joseph Henry the
Smithsonian eventually grew to rival and then eclipse the Philadel-
phia academy as the leading museum and research institution for
the natural sciences in America. But throughout Leidy’s career, rela-
tions between the academy and the Smithsonian were cordial and
cooperative.

At the age of forty Leidy married, altogether to the surprise of his
friends and relations. His wife, Anna Harden, was from Louisville,
Kentucky, and little is known about her except that theirs was a loving
relationship. Although childless themselves, they adopted a daughter,

Allwina. Leidy was not particularly religious in later years but, striding
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the streets of Philadelphia with his gentle features and ample beard, he
apparently took on a strong resemblance to romantic mid-Victorian
representations of Jesus.

As his late marriage suggests, Leidy certainly avoided doing things
hurriedly. After his meeting with Lyell, five years passed before he pub-
lished his first work on fossil vertebrates, but the result was—typically—
important. It concerned horses. Everyone knew that when the Spanish
first came to the Americas, North or South, they found no horses living
there, although the horses they brought with them flourished (another
counterexample to Buffon’s theory of degeneracy). It seemed self-
evident that horses, asses, zebras, and their relatives were originally an
Old World phenomenon; they had arisen and diversified in the Old
World and never made their way to the New. Then Leidy studied a
collection of fossils from Pleistocene riverbank sediments at Natchez,
Mississippi, that Professor M. W. Dickeson (a scholar of Indian archae-
ology) had presented to the Academy of Natural Sciences. Dickeson
thought that the prize of the collection was “the entire head and half of
the lower jaw” of Megalonyx—]Jefferson’s great-claw—which was cer-
tainly a major discovery. But also present in the collection were a number
of fossil horse teeth.?

In fact, the academy already had in its collections a number of other
fossil teeth that were indubitably from one or more ancient species of
American horses. And Charles Darwin had collected fossil horse teeth
in South America.* There were even horse teeth in the Big Bone Lick
deposits. Leidy drew the evidence together and established, once and
for all, that the horse had originally lived in America but had become
extinct in relatively recent times across the whole hemisphere, just as
had the mastodon, saber-tooth, mammoth, and great-claw. The short
paper describing his conclusions was typically terse and undramatic; he
simply allowed himself to admit that the existence of Pleistocene fossil
horses was “probably as much a wonder to naturalists as was the first
sight of the horses of the Spaniards to the aboriginal inhabitants of the
country, for it is very remarkable that the genus Equus should have so

entirely passed away from the vast pastures of the western world, in af-
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ter ages to be replaced by a foreign species to which the country has

proved so well adapted.”

In the same year that Leidy wrote his first paper on fossil horses, a
physician from St. Louis with the quintessentially American name of
Hiram A. Prout published a short note about a fossil that had been
found in a region of what was then called Nebraska Territory. In Silli-
man’s American Fournal of Science and the Arts for 1846, he described a
fossil jaw that “a friend, residing at one of the trading posts of the Saint
Louis Fur Company,” had given him.% The specimen was a piece of a
very large jaw with some teeth, the whole thing, although incomplete,
being some fourteen inches long. Prout identified it as a species of
Palaeotherium, the tapir-like mammal that had originally been discov-
ered by Cuvier in the Paris Basin. It had come from an area known as
the White River Bad Lands in what is now southwestern South Dakota
and northeastern Nebraska. The term “badlands” comes from the de-
scription early French trappers had given of this region—mauvazses ter-

res a travailler. It is an extraordinary landscape of deeply dissected

Prout’s Palaeotherium jaw from the Bad Lands (from the American Journal of
Science, 1847)
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canyons and standing columns of rock. And the Mauvaises Terres
turned out to be full of fossils of Early Tertiary mammals and turtles.

These Oligocene badlands encompass an area of some quarter
million acres between the Black Hills and the White River. To reach
them in the 1840s it was necessary to travel by boat up the Missouri to
Fort Pierre and then take horse or mule overland westward, along the
fur trappers’ routes to Fort Laramie that followed the White or
Cheyenne Rivers. Few people visited the Bad Lands, which had little
forage for horses and even less water. But Indians (early maps show
this as the country of the “Ohenonpa, Minikanye and Sichanga or
Brule Dakota Sioux”) traveled through and picked up things that they
thought the white man might want to trade for. Fur trappers explored
everywhere through the region, though in declining numbers because
by the mid-1840s the fur trade was in severe decline, and mountain
men like the famous Jim Bridger were turning their skills to guiding the
ever-increasing flow of migrants westward through the Rockies to Cal-
ifornia.

True to form, this new American fossil was a giant. Prout at first
stated that his new species (which Leidy later formally named
Palaeotherium proutr) was “one half larger than the P. magnum [of Eu-
rope].”” In the second version of his paper, he went further: “In the
largest Palaeotherium, hitherto described, the P. magnum, the [molar]
teeth occupy a space scarcely one-third that of the Missouri animal.”
Even Leidy, in a burst of chauvinism, noted that Prout’s Palaeotherium
“must have attained a much larger size than any which the Paris Basin
affords.” When Leidy later determined that this animal was not a
Palaeotherium but the first American representative of a distinct family
of very large, quite weird, mammals, some sprouting horns, with small
brains and all related not to the tapirs but to the horse and rhinoceros
group, he gave it the modest new name of Titanotherium!®

The following year, a second strange fossil appeared from out of
the Bad Lands. Joseph Leidy acquired this specimen through an exten-
sive chain of connections. It found its way to Philadelphia from Leidy’s
friend Dr. Samuel Culbertson of Chambersburg, Pennsylvania, who
had received it from his brother Joseph Culbertson. The Culbertson
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family included prominent missionaries and soldiers. Joseph Culbert-
son’s son Alexander had joined the American Fur Company in St.
Louis in 1829 and became its chief fur trader. His common-law wife
Natawista was a Blackfoot Indian, and his easy relations with her people
allowed him to play a prominent role as negotiator with most of the na-
tives in the Upper Missouri country (including the resolution of the
Blackfeet Treaty in 1855).9

Alexander Culbertson had collected the fossil during a trip he
made through the Mauvaises Terres in 1843 with Captain Stewart Van
Vliet (U.S. Army).* In the process of his travels he was also responsible
for bringing many other Bad Lands fossils to Leidy. It is even possible
also that Prout’s original specimen had been collected during the same
1843 trip.

The new fossil from the Bad Lands turned out to be the skull of an
ancient relative of the camels."” This second specimen was especially in-
teresting because camels were yet another group, like horses, that had
not been thought to have been an original member of the American
fauna. Leidy named it Poebrotherium. Then, the following year, he re-
ceived from Alexander Culbertson a specimen of yet a third new mam-
mal, which he named Merycoidodon (and later renamed Oreodon). Over
the following years, many hundreds of specimens of Oreodon and its
relatives were collected in the White River Bad Lands, and it soon be-
came clear that the camels and their relatives must have originated in
North America and later become extinct there, like the horses, while
flourishing elsewhere.

Leidy’s descriptive accounts of these new forms, like his earlier works
on American horse teeth, were brief and avoided flowery hypothetical
elaborations. Having not seen the original field sites, and given scant in-
formation by the amateur collectors, he could say nothing about the ge-
ological context. He simply came to the point and then moved on,
leaving the reader to draw the broader conclusions about how the origi-
nal animals might have lived or why they became extinct. This aversion

to theory is puzzling in so brilliant a man. Although this was very much
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the academic style of the day, Leidy took it to extremes. He is reputed
to have said once, “I have not time for ideas or making money.” It might
be that he adopted his (literally and figuratively) bare-bones approach
solely through the pressure of time, or because he was naturally averse
to speculation (scholarly or financial). It is likely that he saw himself as
very much part of an empirical tradition in American science that gen-
erally kept the accumulation of facts theory-free. “The most practical
of geologists . . . have devoted themselves exclusively to the observa-
tion of facts, exhibiting even a fastidious avoidance of hypothesis.”"

On the other hand, Leidy was certainly very interested in other
people’s theories. As to whether he had time, it is noteworthy that in the
year 1847, in addition to his Poebrotherium and two more fossil horse
papers, he published fourteen other studies in the Proceedings of the
Academy of Natural Sciences alone. The subjects ranged from descrip-
tions of new Protozoa and planarian worms, the mechanism by which
the locust closes its wings, and the sense of smell in snails to a human
cranium from New Holland (Australia). Each of them is marked by the
same precision and economy, and all are descriptive rather than analyti-
cal studies. In his lifetime he published more than two hundred papers
on fossils alone.

One reason for Leidy’s reluctance to engage in speculative thinking
about his fossils may stem from a bad experience he had as a young
scholar. In 1853, he wrote a landmark paper on the “flora and fauna
within living animals,” based on his researches with the microscope.”
In his introduction to this monograph on parasitology we see a very dif-
ferent Leidy from the reticent man of the next three decades. He tack-
led, directly and bluntly, three major issues: spontaneous generation,
evolution, and the germ theory of disease.

This was before Louis Pasteur and many others had finally dis-
proved the notion that living organisms spontaneously arose from wa-
ter, although the idea was already largely discredited. In refuting
spontaneous generation, Leidy established quite clearly that micro-
scopic organisms had their own complex life cycles. To make his argu-
ment, that all life proceeded from preexisting life, he began by
examining the very origins of the earth itself. Life did not exist at first
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on the early earth, which was far too hot and did not provide the “es-
sential conditions.” What, then, was the immediate cause? Remarkably,
Leidy stated outright: “There appear to be but trifling steps from the
oscillating particle of inorganic matter, to a Bactertum; from this to a
Vibrio thence to a Monas (both are now known as bacteria), and so grad-
ually up to the highest orders of life.” This was evolution of the kind
that had been espoused by Erasmus Darwin at the turn of the century
when he projected that life had arisen from chemicals in the sea through
an ancestral “filament.” The conventional view was, of course, that
God had created life in his own kind of spontaneous generation. Leidy
was uncompromising, however. In the scientific view, “[special cre-
ation] can only be an inference, in the absence of all other facts; and if
living beings did not originate in this way, it follows they are the result
of natural conditions” (see Appendix B).

A further conjecture in Leidy’s monograph concerns the causes of
disease. This was a time when ideas about a “germ theory” were being
debated as a rival to the idea that diseases were caused by noxious mias-
mas in the air. Interestingly, Leidy, while at the forefront of describing
microscopic parasitic organisms, including those that cause disease, re-
jected the theory. Trusting contemporary technology, he said the idea
that there could exist a class of “animalculae so small that they cannot
be discovered even with the highest power of the microscope, . . . ca-
pable of giving rise to epidemics, but not discoverable by any means at
our command, is absurd.” Here he turned out to be wrong, of course,
as the work of Koch, Pasteur, and many others later showed. And one
of the classic discoveries in public health was that a species of Vibrio
bacteria was the cause of cholera.

Dennis Murphy at the Academy of Natural Sciences has suggested
that Leidy’s statements on evolution got him in trouble with the
Philadelphia establishment, and very nearly cost him the professorship
at the University of Pennsylvania for which he was then competing.' If
so, Leidy’s subsequent reluctance to engage in speculative matters
would readily be understood, especially when it was reinforced by his
chagrin at having taken the wrong side on the germ theory debate.

By now Leidy had given up his medical practice, for which he had
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never seemed very well suited. He took up teaching medical anatomy
and began to spend a major part of his time on fossil vertebrates. In
1848 and 1850 he made trips to England and Europe, where the great
men of the day—men like Owen, Darwin, Milne Edwards, Huxley, and
of course Lyell—encouraged him to continue his paleontological re-
searches. But he did not give up his microscopical work and the study
of parasites. He remained, to his death, a man of remarkable breadth
and seriousness.

A steady flow of specimens came to Leidy from “Nebraska Terri-
tory,” largely through the efforts of members of the Culbertson family
and other collectors associated with the American Fur Company, and
also from officers of the U.S. Army. For a variety of reasons, however,
Leidy never ventured out West himself until 1872, more than twenty-
five years after Prout’s first specimen came to Philadelphia. In part this
surprising omission must reflect the simple problems of logistics. He
had many personal and academic commitments in Philadelphia. To get
to the Mauvaises Terres would have taken him at least four to six
weeks, traveling to St. Louis by the newly completed Baltimore and
Ohio Railroad, and then by river or horseback, or both. He would
have had to be away from Philadelphia for up to three months in order
to get three weeks of collecting in the field. But Leidy doesn’t seem to
have had a very adventurous spirit anyway. Roughing it was not one of
his pleasures. He probably also felt that he already had a reliable
source of material. He could not possibly have known what enormous
numbers of specimens would be discovered when systematic pro-
grams of expert excavation in the Dakota Bad Lands replaced simple
surface collecting.

Whatever his reasons for not making his own research expeditions
to the West, and in leaving to others the task (and pleasure) of drawing
geological and evolutionary conclusions from his work, Leidy contin-
ued the pattern of making purely descriptive studies of fossil verte-
brates in the style that had been set in place by other physicians in the
preceding decades. A different breed of scientist would be needed to
bring the study of fossil vertebrates into what we today see as the intel-

lectual mainstream. And that would depend, first, on there being a more
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ample supply of specimens, both in numbers of fossils and diversity

of kinds.

David Dale Owen, as we have seen, was a member of Maclure’s com-
munity at New Harmony to which so many Philadelphia scientists had
repaired in the late 1820s. In 1847 the federal government commis-
sioned him to make a second geological and mining survey of Wiscon-
sin, northern Illinois, Iowa, and northern Missouri; his mandate was
restricted to a study of what we would now call the Upper Midwest.
The prime target was the discovery of coal and iron and the ores of
other metals. Owen decided, however, to extend the work westward to
the region of the Dakota Bad Lands. He explained this diversion of re-
sources as necessary in order to “connect the geology of the Mississippi
Valley, through Iowa, with the cretaceous and tertiary features of the
Upper Missourl; a matter very important to the proper understanding
of the features of the intervening country which it had been made my
particular duty to explore.”” Owen may also simply have been itching
to see the place where the new fossil mammals were coming from.

Owen’s plan at first was to reach the Bad Lands by traveling cross-
country westward from the main expedition, but he was forced to aban-
don this idea because of supply problems. So in 1849 he sent his
assistant Dr. John Evans by the more reliable route, up the Missouri
River. Evans got a boost from the ubiquitous and ever-helpful Ameri-
can Fur Company, who took him and his horses by river as far as Fort
Pierre. From there he followed the Cheyenne River to Sage Creek,
where he collected Cretaceous fossil invertebrates before pressing far-
ther west. The report of the journey later published under Owen’s
name colorfully described the arrival at the Bad Lands:

After leaving the locality of Sage Creek . . . and proceeding in
the direction of White River, about twelve or fifteen miles, the
formation of the Mauvaises Terres proper bursts into view, dis-
closing . . . one of the most extraordinary and picturesque
sights that can be found in the whole Missouri valley. . . . [T]o
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the surrounding country . . . the Mauvaises Terres present the
most striking contrast. From the uniform, monotonous, open
prairie, the traveller suddenly descends, one or two hundred
feet, into a valley that looks as if it had sunk away from the sur-
rounding world; leaving, standing all over it, thousands of
abrupt, irregular, prismatic, and columnar masses. . . .

From the high prairies, that rise in the background, by a se-
ries of terraces or benches, towards the spurs of the Rocky
Mountains, the traveller looks down into an extensive valley,
that may be said to constitute a world of its own, and which ap-
pears to have been formed partly by an extensive vertical fault,
partly by the long-continued influence of the scooping action
of denudation. The width of this valley may be about thirty
miles, and its whole length about ninety, as it stretches way
westward, towards the base of the gloomy and dark range of
mountains known as the Black Hills.

Whoever wrote this section of Owen’s final report made magnifi-
cent use of one of the most familiar analogies (close to being a cliché)
of topographic description: the evocation of cliffs and ravines as the
architecture of cities and castles. “The traveller threads his way
through deep, confined, labyrinthine passages, not unlike the narrow,
irregular streets and lanes of some quaint old town on the European
continent. . . . [O]ne might almost imagine oneself approaching some
magnificent city of the dead. . . . [T]he realities of the scene soon dis-
sipate the visions of the distance. . . . [A]round one, on every side, is
blank and barren desolation, . . . the scorching rays of the sun, ...
unmitigated by a breath of air, or the shelter of a solitary shrub.”®

Now preserved as the Bad Lands National Park, the landscape has
this effect on all visitors. The architect Frank Lloyd Wright in 1935 had
an equally personal response: “I was totally unprepared for that revela-
tion called the Dakota Bad Lands. . . . [W]hat I saw gave me an inde-
scribable sense of mysterious elsewhere—a distant architecture, . . . an

endless supernatural world more spiritual than earth but created out
of it.”



116 FOSSILS AND GEOLOGY

If the landscape seemed barren and desolate to Dr. John Evans, how-
ever, his paleontological discoveries soon offset the oppressive, surreal
surroundings: “The drooping spirits of the scorched geologist are not
permitted to flag. . .. [F]inal treasures . . . embedded in the debris. . .
in the greatest profusion, organic relics of extinct animals. All speak of a
vast freshwater deposit of the early Tertiary period.” Evans had discov-
ered the mother lode.

In the formal report of his survey, Owen not only continued the de-
velopment of powerful images of the great ancient lakes and seas of west-
ern America but also began the practice of describing the geology and
landscapes in dramatic terms that would appeal to the lay reader. And
his colorful evocations of the geological history of the region were in-
fused with patriotic (Jeffersonian) comparisons with Europe.

All the strata composing this formation have been a succession
of sediments or precipitates consolidated at the bottom of the
ocean. Alternating with these beds there are also other inter-
stratified, filled with the bones of quadrupeds which have per-
ished on the banks and near the mouths of rivers, whence they
have been swept into estuaries and bays, and entombed. . . . At
the time these fossil Mammalia of Nebraska lived, the oceans
ebbed and flowed over Switzerland, including the present site
of the Alps, whose highest summits then only reached above its
surface, constituting a small archipelago of a few distant islands
in the great expanse of the tertiary sea.

[When] these singular animals roamed over the Mauvaises
Terres of the Upper Missouri, the configuration of our present
continents was very different from what it now 1s. Europe and
Asia were then, in fact, no continents at all, and up the valley of
the Mississippi as high as Vicksburg, was yet under water.
Mount Aetna . . . was yet unformed, and the fertile plateau [of

Sicily] was still deep under the tertiary Mediterranean Sea.

There was only one man in America to whom the fossils that Evans

collected could be sent for description: Joseph Leidy. The official
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publication of Owen’s survey included a long monograph by Leidy ti-
tled “Description of the Remains of Extinct Mammalia and Chelonia
from Nebraska.”® In this first of many such reports Leidy described
eight species of mammals, all new, redescribed Prout’s Palaeotherium,
and added four new species of fossil turtles. His dry language—*“the re-
gion of Mauvaises Terres of the United States appears to be as rich in
the remains of Mammalia and Chelonia of the Eocene period as the de-
posits of the same age of the Paris basin”—contrasts strongly with the
lively prose of Owen and Evans.

Even while the Wisconsin monograph was in press in 1850, Thad-
deus Culbertson (younger brother of Alexander) was making his own
long journey through the Upper Missouri under the auspices of the
Smithsonian Institution. Culbertson, who had just graduated from
Princeton Theological Seminary, was sent west in hopes that it would
cure his tuberculosis. Spencer Baird, assistant secretary of the Smith-
sonian, arranged for the trip, advising him to “go to the White River
country and collect fossils and send them to Leidy, because Leidy is the
only person in the country capable of dealing with them.”9

After traveling with fur company men, collecting many plants and
fossil shells across the Missouri country, battling illness, and occasion-
ally feeling energized and rejuvenated by the hot, dry western air, Cul-
bertson made a three-week trip from Fort Pierre to collect in the Bad
Lands. His guide from Fort Pierre was Owen McKenzie (son of the fa-
mous guide Kenneth McKenzie, “King of the Upper Missouri”), who
had also accompanied John James Audubon on his expedition up the
Missouri in 1843.%°

As McKenzie and Culbertson rode into the White River Bad Lands,
the topography conjured for them exactly the same imagery as it had for
Evans. Culbertson wrote in his journal: “Never before did I see anything
that so resembled a large city; so complete was this deception that I could
point out the public buildings; one that appeared to have a large dome,
which might have been the town hall; another, with a large angular top,
suggested the idea of a court-house, or some other magnificent edifice for
public purposes; and then appeared a row of palaces, great in number
and superb in their arrangements. Indeed, the thought frequently



John Evans’s map of the White River Bad Lands in the Dakotas, which at the time was known as Nebraska Territory

(from David Dale Owen, Report of a Geological Survey of Wisconsin, lowa, and Minnesota; and Incidentally of
a Portion of Nebraska Territory; Made Under Instructions from the United States Treasury Department, 1852)
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occurred as we rode along, that we were approaching a city of palaces;
with everything upon the grandest scale, and adapted for giants.”

Like Evans, Culbertson found the landscape oppressive: “Fancy
yourself on the hottest day of the summer in the hottest spot of such a
place without water—without an animal and scarce an insect astir—
without a single flower to speak pleasant things to you, and you will
have some idea of the utter loneliness of the Bad Lands.” But like Evans
he also immediately saw the scientific potential: “We reached the place
where the petrifactions most abound. . . . I was shown a number of
ugly dark red misshaped masses, these my guide told me are petrified
turtles. . . . It appears to me quite certain that slight excavations in
some of these hills would develop very many perfect specimens.”"

After collecting more fossils Culbertson boarded the steamboat £l
Paso, which had been chartered for the annual resupply trip to the trad-
ing posts. It had on board some hundred trappers and hunters and two
hundred tons of ammunition and stores. The El Paso managed to reach
a point up the Missouri “some hundreds of miles beyond Fort Union,
and higher than any steamboat had ever gone previously,” and then
turned back. Culbertson returned on the steamer to St. Louis, writing
in his diary: “I desired to feel grateful to Divine Providence for my safe
return and restored health.” But within weeks of his reaching his home

at Chambersburg he was dead.

The new material allowed Leidy to revise and expand his Nebraska
monograph in 1853 under the title The Ancient Fauna of Nebraska.*
This work shows the extent of his network of informants and collec-
tors. In addition to the specimens from the Owen-Evans expedition,
Alexander Culbertson, and Thaddeus Culbertson’s 1850 expedition,
he also had access to the collection of “Professor O’Loghland of St
Louis,” and the “small but very excellent collection made by Captain
Stewart Van Vliet, of the United States Army” (the fossils Van Vliet had
gathered when he accompanied Alexander Culbertson through the Bad
Lands in 1843). In the seven years since Prout published his first note

on his specimen of Palacotherium, the number of fossil mammals
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known from the Bad Lands had increased to fourteen species of three
major types, plus the five kinds of turtle. “Every specimen as yet
brought from the Bad Lands, proves to be of species that became exter-
minated before the mammoth and mastodon lived,” Leidy wrote. Al-
most all the new forms were large (if only because a large specimen was
more likely to be noticed and picked up by the traveler).

That same year, John Evans went back to make further collections
in the Bad Lands. Other expeditions followed, and in 1869 Leidy ex-
panded his monograph again, as The Extinct Mammalian Fauna of
Dakota and Nebraska . . . with a Synopsis of the Mammalian remains of
North America.” By now Leidy could tally 77 species of North Ameri-
can fossil mammals from all ages, including extinct beavers, camels,
bears, and four different genera of horses, virtually all of which he had
described and illustrated himself and many of which belonged to
groups found only in North America. Among the new forms that Leidy
described in this new work was also the first example of a saber-tooth
“tiger” known from North America. Within two years the tally of mam-
mals had reached 103 species.*

The diverse range of western material now being sent to Leidy for
study was remarkable. As word of his work spread, more and more
people began to send him specimens. In addition to his work on mam-
mals, in 1856 he received from John Evans the first specimens of fossil
fishes from what would turn out to be fabulously rich Eocene beds in
the Green River region of Wyoming.?> There were also fossil sharks
from the Pennsylvanian period of Kansas and, although it did not seem
an especially major landmark at the time, some new reptiles. In a brief
note published in 1856, and later in an 1859 monograph on the
Cretaceous-age fossils of the Judith River region of present-day Mon-
tana, Leidy described the first dinosaur remains from North America.*®

Four different kinds of dinosaur were represented in the collection,
all only in the form of isolated teeth. There was one obvious carnivore,
which Leidy named Deinodon, and three apparent herbivores—
Troodon, Palacoscincus, and Trachodon. They had been collected by an
energetic young geologist-explorer named Ferdinand Vandiveer Hay-

den, of whom we will hear much more in a later chapter. The associa-
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tion between Leidy and this dedicated professional explorer was to be
the critical watershed in the discovery of fossil vertebrates in the West.

The second event of supreme importance was the formulation of a
viable theory of evolution. Given his own early interest in evolution, it is
not surprising that Leidy understood instantly the importance of
Charles Darwin’s theory of evolution by natural selection when it first
appeared in 1859. Immediately on receiving a copy of On the Origin of
Species, Leidy wrote to congratulate Darwin in unusually effusive terms,
using the sort of language that was so notably lacking from his paleon-
tological writings: “Night into day . .. I felt as though I had groped
about in darkness, and that all of a sudden, a meteor flashed across the
skies.” In Europe, however, the opportunities that evolution presented
for paleontology were not immediately appreciated. Darwin wrote back
to Leidy, “Your note has pleased me more than you could readily be-
lieve: for I have during a long time, heard all good judges speak of your
palaeontological labours in terms of the highest respect.” Darwin con-
tinued: “Most Palacontologists (with some few good exceptions) en-
tirely despise my work. . . . All the older Geologists . . . are even more
vehement against the modification of species than are even the Palacon-
tologists.”*” Louis Agassiz at Harvard remained opposed to Darwinian
evolution all his life, insisting that the changing diversity of life on earth
was the result of the working-out of a divine plan.

Evolution explained the changing patterns of origination of new
forms and extinction of old ones that the fossil record so clearly docu-
mented. Leidy’s careful descriptions of fossils from the West provided
an increasingly important part of that documentation. Just before the
publication of Darwin’s book, however, perhaps Leidy’s greatest per-

sonal triumph as a scientist came from a discovery closer to home.
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Dr. Leidy’s Dinosaur

Dr. Leidy states that the bones . . . were those of a huge herbivorous saurian.
The animal was closely allied to the great extinct Iguanodon of the Wealden and
lower Greensand of Europe; the genus is, however, different, and for it the name
of Hadrosaurus is proposed.

WILLIAM PARKER FOULKE, 1858

From thelate 1830s onward, a farmer named John Hopkins, while dig-
ging for marl (phosphate-rich rock) to spread on his land in Haddon-
field, New/Jersey (some eight miles from Philadelphia across the
Delaware River), had occasionally turned up huge fossil bones. The
bones seem all to have been vertebrae, plus possibly a shoulder bone,
but visitors to the site had carried off what had been found. Then, in
1858, William Parker Foulke, a friend of Leidy who had a summer
house near the Hopkins farm, heard about these fossils and tried to re-
trieve some of them. When that failed he got Hopkins to open diggings
in the marl pit again. In Foulke’s account: “It was no easy matter to find
the pit itself; and after it had been found, many trials must be made to
identify the exact place where bones had been discovered. At last suc-
cess crowned the undertaking. In the west wall of the pit, under eight
feet of surface rock, lay a thin stratum of decomposing shells, and two
feet beneath this another, in and on which were found a pile of mon-
strous bones, enveloped in the rough, tenacious, bluish marl, from
which they were carefully extricated with a knife and trowel.”

Leidy came out to the site, and it was soon clear to him that they
were dealing with the skeleton of a very large reptile—a dinosaur, in
fact. This was one of the first scientific exhumations of dinosaur bones,
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with “drawings and measurements being made of each bone where it
lay, to prevent embarrassment in the story,” as Foulke recounted.
“Wrapped in coarse cloth and straw, they were dispatched first to
Leidy’s office at the University of Pennsylvania and then moved to the
Museum in the Academy.” The remains included bones of the pelvis,
thigh, lower foreleg (ulna and radius), upper foreleg (humerus), fore
and hind feet, plus vertebrae from the trunk and tail. There was no skull
except for a jaw fragment, but (by a generous estimate) something like
three-quarters of the skeletal structure was represented (if not from
both sides, left and right).?

When assembled together, the remains of the skeleton turned out to
belong to a completely new kind of reptile, some twenty feet long. Leidy
gave it the name Hadrosaurus foulkvi—not for Haddonfield but for
(H)adros, meaning bulky, and for his friend Foulke—and announced that
the animal was related to the herbivorous dinosaur Iguanodon that had
been previously discovered in Europe. Leidy’s Hadrosaurus was one of
the most important finds of the century. It was the first more or less asso-
ciated skeleton of a dinosaur, allowing the appearance of the whole ani-
mal to be reconstructed for the first time. From the arrangement of the
pelvis Leidy decided that it was a bipedal animal that stood erect on long
hind legs, with relatively short forelegs. This was a revolutionary conclu-
sion, especially given the size of the beast. Later it would be shown that
very many other dinosaurs, including Buckland’s Megalosaurus and Man-
tell’s Iguanodon, were also bipedal. Hadrosaurus was the first dinosaur to
demonstrate what we now see as one of the two classic dinosaurian poses
(the other being the elongated four-footed “brontosaur” type).

Leidy’s descriptions of the pelvic structure also helped Thomas
Henry Huxley demonstrate for the first time a close relationship be-
tween dinosaurs and birds, an idea that still reverberates in the paleon-
tological community because of the implication that dinosaurs are not
extinct after all, but live on in the form of modern birds. Typically,
however, Leidy did not make this leap, leaving “ideas” to others. In this
case, as it turned out, that would be at some great cost.

Leidy was completely aware of the sensational nature of his “dis-

covery” of Hadrosaurus, as were the authorities at the Academy of
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Natural Sciences, where the bones were put on display. They were not
yet restored as a complete skeleton but were simply laid out, some in
wooden boxes, for visitors to marvel over. A more dramatic disposition
of the remains had to wait for ten years until Benjamin Waterhouse
Hawkins arrived in America. Hawkins had sculpted dinosaur replicas
for Sydenham in South London, when the Crystal Palace from Britain’s
Great Exposition of 1851 was moved there. Now, he had been commis-
sioned to create a great Paleozoic Museum of fossil life that was to be in-
stalled in New York’s Central Park.

Hawkins traveled about the country looking for suitable material
for his artist’s eye. When he came to Philadelphia he saw that
Hadrosaurus represented a golden opportunity. He quickly obtained
permission to make a restoration of the dinosaur as if it were the skele-
ton of some modern creature.

This would involve not only a great deal of work but much imagi-
nation and, not incidentally, a weight of iron to hold the whole thing up.
Fossil bones, being made of stone, are much heavier than modern
bones. The obvious tactic was to use the existing bones to model in
plaster the missing elements from the opposite side, and then sculpt the
rest according to the best zoological information available. This is what
has been done with dinosaurs ever since. Hawkins’s final mount of
Hadrosaurus carefully preserved in a different color the distinction be-
tween the reconstituted parts versus the bones that had actually been
found. The animal was posed in a lifelike manner, reaching for a rather
unconvincing (iron) tree on which it was partly supported. The head
was fabricated as a rough copy of an iguana head. This was the first
time since the Peales that anyone had attempted such a reconstruction
of a fossil skeleton on this scale. By modern standards it was clumsy,
even crude. In contemporary terms it was splendid: huge and sensa-
tional. A grown person could walk under its rib cage. It completely cap-
tured the essence of the growing view of dinosaurs as lumbering brutes.
When it went on view at the brand-new building that the Academy of
Natural Sciences had just moved into, it caused such an uproar—it is
said—that admission charges had to be instituted to keep the crowds

manageable.
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Part of Hawkins’s deal with the academy was that he would keep
his molds in order to make a replica for his Paleozoic Museum. He set
to work in his studio on a number of projects, including a similar
restoration of a smaller dinosaur named Laelaps that Leidy’s junior col-
league at the academy (Edward Drinker Cope, of whom much more
later) had found more recently in New Jersey. Alas, Hawkins’s great Pa-
leozoic Museum project fell afoul of New York City politics and the no-
torious “Boss” Tweed. The studio was razed by vandals (vestiges of it
may still exist buried under the grass of the park), but Hawkins man-
aged to save the molds for Hadrosaurus. From these he made several
plaster copies of his splendid mount. One was commissioned for the
Smithsonian Institution, which exhibited it at the Centennial Exposi-
tion in Philadelphia in 1876. Later it was moved to Washington before
being sold to the Field Museum in Chicago. It eventually fell apart
around the turn of the century. Another copy went to Princeton Uni-
versity in 1874. In 1876 a third copy went to the Royal Scottish Museum
in Edinburgh (built, incidentally, on the site of Charles Darwin’s stu-
dent digs), and that one lasted the longest, being still on display until
World War L. It was the first mounted dinosaur skeleton on public exhi-
bition in Europe (Buckland’s Megalosaurus had been on view at Ox-
ford’s new University Museum since 1860, but only as separate pieces).?

In addition to its scientific importance, Hadrosaurus thus became
the first dinosaur skeleton to be restored in an authentic life pose, the
first to be copied and distributed to other museums, and the first to be
displayed in Europe. In Philadelphia, the academy exhibited the origi-
nal mount until sometime in the 1930s. Copies of the bones were re-
mounted in a more modern pose in 1985, and the display was revised
again in 1998.



THTIRTEEN

Ferdinand Vandiveer Hayden

My explorations of the country west of the Mississippi began in the spring of
1853, prior to the organization of Kansas and Nebraska as Territories, and I have
watched the growth of this portion of the West year by year, from the first rude
cabin of the squatter to the beautiful villages and cities which we now see scat-
tered so thickly over the country. We have beheld, within the past fifty years, a ra-
pidity of growth and development in the Northwest which is without parallel in
the history of the globe. Never has my faith in the grand future that awaits the en-
tire West been so strong as it is at the present time, and it is my earnest desire to
devote the remainder of the working days of my life to the development of its sci-
entific and material interests, until I shall see every Territory, which is now orga-
nized, a State in the Union. Out of the portions of the continent which lie to the
northward and southward of the great central mass, other Territories will, in the
mean time, be carved, until we shall embrace within our limits the entire country
from the Arctic Circle to the isthmus of Darien.

F. V. HAYDEN, 1871

Thefrontier had rapidly moved westward, and the discovery of gold in
California at John Sutter’s sawmill on the American River in 1848 pro-
duced a flood of westward migrants. The scientists followed, although
not all of American science was conducted in the restrained and gentle-
manly style practiced by the good Dr. Leidy. Two men in particular,
James Hall and his teacher John Newberry, operated in a far more
elbows-out manner. When Hall read Owen’s Wisconsin report and saw
Leidy’s account of the vertebrate fossils of the Bad Lands, he deter-
mined that he would get a share of the action. Hall was then only forty-
two but, like Leidy, had too many other responsibilities to be able to
hazard an expedition to the Dakota Territory personally. Ferdinand
Vandiveer Hayden, the man Hall first selected to collect for him in the
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Bad Lands, really chose himself. It was a good decision. Hayden be-
came one of the great scientific explorers of midcentury, both collecting
fossils and using them to decipher the structure and geological history
of the beds in which they were found.

After Hayden’s initial work for Hall, most of the vertebrate fossils
that he collected went to Leidy, with whom he contributed enormously
to the early paleontology of the great deposits of fossil vertebrates in the
American West. But he was in every way the opposite of the quiet
Philadelphia professor of anatomy: a gifted hands-on collector and field
surveyor, he became a skilled synthesizer and popularizer rather than a
dry recorder of facts. Brilliant, calculating, thrusting, insecure (perhaps
even paranoid), he managed harshly to polarize most of his wide range
of acquaintances into friends and foes. And unlike Leidy he had un-
bounded energy for adventure. From his first tentative days in the Upper
Missouri, his appetite for exploration and natural history never waned.

In 1853 Hayden was a young man, recently graduated from Oberlin
College and penniless. He was born in 1829 to a rather shadowy family
that lived first in Westfield, Massachusetts. When his parents divorced
(or had they ever been married?) Hayden was sent off to live with an
aunt in Ohio. Entering Oberlin College, Hayden at first seems to have
read theology and then fell under the influence of the Natural Theology
movement, which offered the chance to combine an interest in theology
with a practical bent for natural history.!

After a spell as a schoolteacher, Hayden realized that he needed
more training to advance in a profession, and the only real way to ad-
vance would be to obtain a medical degree. At that time a great deal of
any medical curriculum was devoted to natural history, which suited
him perfectly. He began studying in Cleveland, where he met two im-
portant scholars, Jared Kirtland and John Strong Newberry. He later
enrolled at Albany (New York) Medical College and continued to build
up a network of connections that might help him in his true avocation.
In Albany he made sure that he met the eccentric but powerful James
Hall, the New York State Geologist.

Hall has been described as “at times raving mad, vengeful, deceit-

ful, and always suspicious, pugnacious,” a man who “marched under
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the banner of self-righteousness.” For all that, he was a brilliant geolo-
gist, and Hayden, not exactly a shrinking violet himself, cultivated his
friendship. Dissatisfied with medicine and looking for a way to develop
his interests in natural history, Hayden had been pressing Hall and
everyone else he could think of to help him find employment. As he
wrote to Spencer Baird on February 16, 1853: “I could endure cheer-
fully any amount of toil, hardship, and self denial . . . to labour in the
field as a naturalist. . . . I could live as the wild Indian lives . . . without
a murmur.” And on March 5, 1854: “My love for natural History is so
great that I hardly feel any disposition for anything else.”

Soon after asking Hayden if he would like to make the expedition
west into the Bad Lands, Hall realized that he would need to send some-
one with more experience who was perhaps a little less wild-eyed. He
chose his assistant Fielding Bradford Meek, a man with considerable ex-
perience in collecting fossils, plants, and invertebrates who had taken part
in David Dale Owen’s survey of Wisconsin. Given Hall’s record for abus-
ing his assistants, Meek must have been delighted to be able to leave town.
He agreed to lead the expedition with Hayden as his assistant; Hayden
was evidently keen enough to go west that he accepted the demotion.

Perhaps as a harbinger of events to come, when different individu-
als would rival each other for access to the good fossil-collecting sites,
Meek and Hayden arrived in St. Louis only to discover that Dr. John
Evans was already there and outfitting an expedition. He planned to ex-
plore the Upper Missouri on his way, eventually, to Oregon. Evans had
been dispatched because Baird at the Smithsonian had learned that a
party of German explorers was heading for the Bad Lands. But Baird
had forgotten to tell Hall of this plan. The Academy of Natural Sci-
ences was funding one-third of Evans’s trip in exchange for specimens.

Something of a row developed about who was going to collect
where. The standoff was partially resolved by none other than Profes-
sor Louis Agassiz from Harvard University, who was lecturing in St.
Louis at the time (and perhaps also wondering whether it would be
worth entering the Bad Lands stakes himself ). In the end, the Evans
and Hayden parties traveled together and were never really in conflict.

The “Germans” turned out to be the young Prince of Nassau with a
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companion and two servants. They left the boat early in the trip to col-
lect fishes in the lower Missouri regions for Agassiz, and never went to
the Dakota fossil lands.

Exploring from Fort Pierre to Council Bluffs, Meek and Hayden
collected a large number of fossils. On their return, the collections were
divided up. The vertebrate fossils went to Leidy to describe. The inver-
tebrates (mostly shells), being most useful for the purposes of unravel-
ing the layered sequences of rocks, or stratigraphy, of the region, were
retained by Meek and Hayden. This collegial and effective division of
labor remained in place for the next seventeen years. Oddly, Hall never
published directly on the results of this expedition, although he read
two accounts of them to the 1854 meeting of the American Association
for the Advancement of Science.’

Now Hayden was really hooked and keen to go back out west. But
he had neither a job nor any personal money, so he immediately started
to float schemes for sponsorship. His first idea was that the Philadelphia
academy, or even Leidy and other individual collectors, would stake
him by advancing funds in return for the collections of fossils, animals,
and plants that he expected to bring back. “Professor Leidy,” he wrote,
“Dear Sir, Pardon me for the liberty I take in addressing this to you, but

I am anxious to obtain your opinion and counsel. . . . I think I could
contribute much to Natural History by collections. . . . I would like to
ask . . . if I could make some explorations for the Academy or do any-

thing to defray a part or all of my expenses.”

But the Philadelphians were far too circumspect. So Hayden fell
back to his second plan. The Indian agent at St. Louis, Colonel Alfred
Vaughn, had offered to fund Hayden for two seasons of collecting, in
return for which Hayden would catalogue all the collections and keep
half. It was not a bad deal, and when it became clear there were no other
options, Hayden accepted.

In spite of “the want of proper facilities for exploration, the wild
and desolate character of the country, [and] the numerous bands of rov-
ing Indians,” Hayden explored along the Missouri as far as Fort Benton
and up the Yellowstone to the Bighorn River. He amassed a large collec-

tion of fossils, including many new vertebrates. It was during work at the
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confluence of the Judith River and the Missouri in modern Montana that
Hayden found several localities with fossils that turned out—under
Leidy’s eagle eye—to be the teeth of dinosaurs. “I have also some verte-
brate remains from the Upper Mo which I collected this summer which I
think will interest you much,” Hayden wrote to Leidy. “I find that the
Bad Lands of the Judith are scarcely less interesting than those of the
White river and I found some things which I hope will please you and
contribute to science. They are mostly single teeth and vertebrae but will
reveal a new feature in the geology of the Upper Mo.”>

As already noted, Leidy described them and named them, but they
remained an interesting sideline for more than twenty years while more
exciting western discoveries were made of other reptiles (like
mosasaurs) and many different kinds of mammals. Hayden did not find
any more dinosaur remains on the Judith, and neither he nor Leidy
could have had any idea of the wealth of dinosaur fossils waiting to be
found in Wyoming and Colorado.

For Hayden, the work in the Judith River region was important in
marking his real coming-out as an interpreter of field geology. It
launched Hayden into the project to which he would become such a
major contributor over the next twenty years: unraveling the structure
and the history of the Cretaceous and Tertiary—those famous “hori-
zontal” beds—of North America, and relating them to those of Europe.
And although he was much the younger man, Hayden helped shape
Leidy’s career in one definitive way (apart from supplying him with fos-
sils). Hayden’s stratigraphy gave Leidy’s paleontology its first scientific
foundation and framework. At last, American students of fossil bones
could catch up with their colleagues who studied fossil invertebrates
and transcend old-fashioned natural history for natural science.

Hayden and Meek together helped give authority to a new and
powerful image of the land between the Alleghenies and the Rocky
Mountains. They documented that in the West those “horizontal” beds
must have been laid down in a vast set of seas and inland lakes, waxing
and waning over long periods of time and undisturbed by the kinds of
convulsions in the earth that later produced the Rocky Mountains to the

west. These ancient waterways were therefore symbolically the equiva-
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lent, and literally the origin, of the modern plains that appeared to so
many travelers, from the early Spanish explorers onward, as a veritable
ocean of grass, where the constant wind created waves tossing and
rolling over a thousand miles of level terrain. There was nothing like this
enormous level expanse, below the ground or at its surface, in Europe, or
indeed on the East Coast of North America.

To be sure, they got a lot of things wrong, but Hayden showed a
marvelous aptitude for pulling together a history of geological structure
and change out of the multiple sections and exposures of the rocks.
And he had an artist’s eye for fleshing out his syntheses in dramatic
terms. Hayden not only helped understand the geological history of all
those level beds beneath the plains, whose vast scope and improbable
consistency had so intrigued Barton, Maclure, and others; he also
found the language to express the wonder of that history.

Hayden was also savvy enough to know that, while the geological
and geographical surveying work was crucial to his job prospects and
could attract a broad audience, the most glamorous side of it involved
the fossils. The significance of western vertebrate fossils had been ap-
parent from the moment David Dale Owen published his Wisconsin re-
port, with its profusely illustrated section by Leidy documenting
wondrous new kinds of ancient mammals from the American hinter-
land. By constantly amassing important collections and having Leidy
describe them in special sections of his own survey reports, over the
years Hayden was able to generate and sustain a level of interest in his
work that would not have been possible with the rocks alone. Leidy
therefore became extremely important to the continuance of Hayden’s
work and career, and Hayden became equally important for Leidy and
for Leidy’s successors. Almost all of Hayden’s survey reports were ac-
companied by monographs from Leidy on the fossil vertebrates. These
were of relatively lesser value in making detailed stratigraphic correla-
tions of the American Cretaceous or Tertiary deposits with those of
Europe, but they had the dramatic effect of revealing a diversity of an-
cient life in America unlike that seen (as yet) anywhere else in the world.

Later, Hayden would extend his popular work even further with ven-
tures into “sun portraits”—photography. The distinguished photographer
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William Henry Jackson was officially attached to Hayden’s United
States Geological Survey from 1870 to 1878 and made some two thou-
sand 1mages of western geology, including classic pictures of the Yel-
lowstone region. Hayden considered himself the godfather of the
movement to create national parks, such as Yellowstone, and Jackson’s
photographs were crucial in showing the glories of the area to a wide
American public, most of whom had no chance of visiting in person.
Hayden also published a wonderful pioneering book of scenes from the
Rocky Mountains taken for the Union Pacific Railroad by another pho-
tographer: Andrew Joseph Russell.® Another lifelong interest was the
languages and customs of the American Indians. In all of this, Hay-
den’s acumen for self-promotion helped set a style that has not fully
been abandoned by his modern successors, either the scientists them-

selves or the media writers who report on their work.

When he returned to the East in early 1856 with his half of the Vaughn
collections, however, Hayden once again had no job and therefore little
influence, although the Philadelphia academy did purchase many of his
specimens. He began to write up scientific accounts of his discoveries
with Meek, where his major asset was not just his evident ability as a field
geologist but also his growing facility to describe his work in glowing
prose for his audience. And this brought him to the attention of Lieu-
tenant G. K. Warren of the Army Corps of Topographical Engineers.
By 1853, the eastern railroads had reached St. Louis, and that same
year the Federal government authorized $150,000 for surveying possible
routes through the contorted mountains and inland basins and deserts
of the West. This appropriation was only the beginning of decades of
work in which government surveys explored, mapped, and interpreted
thousands of square miles of largely unknown territory (and untouched
scientifically). The result was an understanding of geology that remains
a landmark of field study, which depended in no small part on a hugely
successful and influential set of partnerships between Hayden and the
other surveyors, on one hand, and paleontologists like Leidy, Meek, and

the paleobotanist Leo Lesquereux on the other. (A Swiss immigrant,
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Lesquereux was America’s first real expert on fossil plants. Failing to
find employment in the New World as a scientist, he supported himself
partially as a watchmaker while working occasionally for the New Har-
mony survey and Hayden and collecting for Louis Agassiz at Harvard.)
The older geologists of the eastern states, like Hall and Newberry, began
to find themselves outflanked by these newcomers and confined their
work to the East and Midwest, where, to be sure, there was plenty to do.

With the exploding effort of western surveying being conducted in
connection with routes for transcontinental railroads, Hayden had found
the perfect berth for someone of his interests. Soon after returning to St.
Louis in 1856, he was sent by Warren to assist in exploration of the Mis-
sourl from Fort Pierre to well north of the Yellowstone River, and along
the Yellowstone itself. Hayden was ideal for such work as he could func-
tion both as expedition physician and naturalist. The next year he worked
for Warren on an expedition to the Black Hills, traveling from Sioux City
up the Loup Fork River and back to Fort Leavenworth, Kansas. Among
other fossil discoveries were extensive Pliocene beds in the Loup Fork re-
gion and the Miocene beds of the Niobrara River region.

In 1858 Hayden and Meek were in Kansas together, exploring west-
ward from Fort Leavenworth along the Solomon and Smoky Hill Rivers
and the Santa Fe Trail. In the coal fields of the eastern part of Kansas he
collected Pennsylvanian-age fishes that Leidy described. In Kansas
Hayden and Meek identified outcrops with typical Permian age fossils
and promptly got into a dispute with the State Geologist, George Clin-
ton Swallow, over who said (and wrote) it first.” The following year
Hayden was attached to Captain W. F. Raynold’s expedition to the up-
per parts of the Yellowstone and the Bighorn Mountains, overwintering
on the North Platte River. In 1860 they worked as far as Fort Benton
and then back down the Missouri to Fort Union and then to Omaha.

The legend has grown up that the Indians would leave Hayden
alone because they thought he was mad. The Sioux were supposed to
have given him the name “he who picks up stones running.” But while
various Indian tribes might well have thought Hayden’s behavior was
crazy, the idea that he somehow thus acquired immunity from attack
has no basis (it is, indeed, a story that is often told about fossil collectors
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in wild places).® Whatever the truth of the myth, the image of a man
who, out in the field, picked up stones “running” conjures up someone
of great energy (and perhaps also a healthy appreciation of the dangers
of hanging about when Indians were in sight).

The partnership between Leidy and Hayden continued, to great mutual
profit, for twenty years, interrupted only by the American Civil War,
when most formal paleontology stopped and they both became military
doctors. During the war years, however, Leidy finished another great
monograph, The Cretaceous Reptiles of the United States.® This work
was well received in the United States, although Leidy received a bitter
blow from Europe in the form of a cruel review by the anonymous au-
thor “H,” which read in part: “Altogether we must, while expressing
our thankfulness for the memoir, such as it is, say that it is the least able
contribution to palaecontology that we remember. Its best praise is that it
contains no quackerys; its worst condemnation is that it contains no sci-
ence. It will always be valuable for its plates.” If this were not conde-
scension enough, the author reserved his most wounding remarks to the
very end: “We look forward with hope, that remains so precious will
some day be elucidated, and doubt not that the accomplished author of
the Arctifera and discovery of Laelaps, will make available to scientific
students the descriptions of his Philadelphian brother Professor.”°
There could be no doubt to whom “H” was referring. The discoverer
of Laelaps was a quarrelsome young associate of Leidy’s at the Academy
of Natural Sciences named Edward Drinker Cope, who was beginning to
make a name for himself for his expertise with living fishes, amphibians,
and reptiles, and some discoveries of fossil reptiles in New Jersey. At first
Leidy, and many others, were sure that “H” must have been Thomas
Henry Huxley, although it was not clear why Huxley would have wanted
to act so uncharitably toward Leidy or so flatteringly toward Cope. In
1869 J. S. Newberry asked Huxley directly and was able to write to Leidy
that although the review had produced “great surprise and regret among
us when it was published, I can have the pleasure of assuring you that Pro-
fessor Huxley did not write the article and knew nothing of it until it
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appeared and farther that he has no sympathy with the views or spirit of
the article and condemns it as earnestly as we do. I have his authority for
saying this to you. I suspect the avenues and the facts or assertions of the
obnoxious article emanated from a source much nearer home.”

If “H” was in fact the initial letter of the reviewer’s true name, then
the possibilities are few. It seems inconceivable that “H” could have
been Hayden, Leidy’s closest geological colleague. Newberry’s phrase
“closer to home” would therefore appear to point to James Hall, but the
hostility between Newberry and Hall requires us to be cautious about
that conclusion. What hand young Cope had in the matter is unknown,
but that he had no direct part is shown by the fact that he also thought
Huxley was the author. Cope certainly liked the result. He wrote to his
father: “If thee takes the Geological Magazine, London, thee will find a
review by Huxley of Leidy’s work on fossil reptiles, which is of the
severest kind. Not handsome or Christian, yet I cannot help feeling
some gratification, as it does not equal in unhandsomeness the manner
in which both Leidy and Hawkins have treated me, and whom this arti-
cle has dumbfounded. He takes occasion to excite Leidy’s jealousy by
complimenting me. However his strictures on L. are mostly deserved,
and I am glad to see things estimated at their true value. This will be-
come more apparent when my paper is printed.”*

The complaint that Leidy’s work was simply a compendium of facts
with no analysis and no theory in part reflects the very different maturation
of European and American science. Leidy had always seen his role with
respect to the spectacular discoveries of the West as being to inform, not
to interpret. In reviewing his Hadrosaurus for the Cretaceous Reptiles
monograph, for example, Leidy did not develop his views of the similarity
of the dinosaur and bird pelvis. In yet another summary of the fossil mam-
mals of Dakota and Nebraska in 1869, no doubt in self-justification after
the “H” review, he bitterly summed up his approach: “The present work
1s intended as a record of facts, in palacontology, as the authors have been
able to view them—a contribution to the great inventory of nature. No at-
tempt has been made at generalizations or theories which might attract the
momentary attention and admiration of the scientific community.”"

If the state of knowledge of American fossils and their underlying
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geology had been as extensive as that for the Paris basin or English
Wealden, the comments by “H” about the lack of analysis would have
been appropriate. They certainly would not be unexpected if Leidy
were writing today. But, for that time, the review by “H” was unfair. It
was also personally devastating because, as previously noted, Leidy
simply did not have that sort of mind. His view of his scientific role was
to lay out the facts as accurately and simply as possible, undecorated by
conjecture, and in this he may also have been reacting against the ex-
cesses of Harlan, Godman, Hays, and others, to say nothing of Koch,
whose extravagant claims had brought paleontology into disrepute.

As a result, his reports rarely became out-of-date or controversial.
He was a man, as he had said, who had “no time for ideas or for making
money,” and in this case was cruelly attacked for it.

After the Civil War, Hayden returned to western exploration, first un-
der the auspices of the Academy of Natural Sciences, traveling through
the Dakota and Nebraska country collecting from Tertiary formations.
The geological history of the West (from the Missouri River to the
Rocky Mountains) was quite different in Tertiary times (starting
roughly 65 million years ago) compared with the Cretaceous that he
had mostly been involved with so far. Toward the end of the Creta-
ceous, the Rocky Mountain uplift began, the seas regressed, and their
marine sediments became overlain by newer deposits laid down princi-
pally in freshwater lakes and riverine environments. There was no sin-
gle event in which salt seas were replaced with fresh; the geology of the
Late Cretaceous shows a back-and-forth process, marine beds (and fos-
sils) alternating with those of freshwater. This made the stratigraphy of
the western Cretaceous difficult to correlate with beds of similar age in
Europe and the boundary between Cretaceous and Tertiary difficult to
judge (as previously noted, Leidy held out the possibility that the fresh-
water Judith River beds were Tertiary in age).'

A number of ancient (and modern) landlocked basins were formed
among the mountain ranges of the newly arising Central Rockies.

These basins filled with fine sediments from erosion of the nearby
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mountains and ash from volcanic eruptions. Because fossils were de-
posited there in quiet water rather than being transported by large
rivers flowing rapidly to the sea, the state of preservation of fossil re-
mains in these basins is outstanding. Immensely important fossil col-
lecting areas came to be discovered as the ancient life of, for example,
the Bighorn River, Wind River, Powder River, Green River, Bridger,
Washakie, Uinta, North Fork, and Wasatch Basins was revealed in a
whole series of waterworn badland topographies of buttes and canyons
similar to those of the Dakota and Judith River areas. These gave access
to formations from Paleocene to Pliocene ages that yielded an enormous
number of new fossil vertebrates. Of these, collections from the
Eocene-age basins were the most spectacular and scientifically impor-
tant. Perhaps most familiar to the general public is the Eocene Green
River Basin of southwest Wyoming, which has by now yielded literally
millions of superbly preserved specimens of fishes alone. Hayden saw
“hundred of thousands of perfect impressions of fishes . . . sometimes
a dozen or two on an area of a square foot.”

Across the whole suite of basins, one finds recorded the history of
the origin and early evolution of most of the modern groups of verte-
brates, particularly the mammals, which radiated once the Age of Reptiles
was over. The quality, quantity, and diversity of the preserved fossils—
plants, fishes, even tiny insects—is unsurpassed anywhere in the world.

Hayden’s assiduous cultivation of the great and the good—and par-
ticularly Baird and Henry at the Smithsonian Institution—finally paid
off in 1867, when he was appointed (at a salary of two thousand dollars)
to make a survey of “the territory of Nebraska” for the General Land
Office. This was not a railroad survey but rather was concerned with the
discovery of coal and other useful minerals. Hayden threw himself into
this work and produced his usual detailed reports, in which he now
modestly titled his operations the United States Geological Survey.'

The first Nebraska expedition was such a success that the following
year it was extended to Wyoming, Colorado, and New Mexico. While
these surveys were also principally concerned with economic geology,
Hayden made a special point of looking out for fossils—invertebrates

for Meek and plants for Lesquereux—that would continue to help sort
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The principal Early Tertiary depositional basins in the Central Rocky Mountain

region

out the stratigraphy. And, of course, he collected vertebrates for Leidy’s
description.

In three seasons, from 1869 to 1871, one of the regions where Hay-
den concentrated his efforts was the southwestern corner of Wyoming,.
With its arc of mountains (Gros Ventre, Wind River, Laramie, Medi-
cine Bow, Uinta, and Wasatch Ranges) drained by streams creating the
Green River as it flows south into Utah to join the Colorado, this had
been one of the richest areas of the fur-trapping era. The tributaries of
the Green River cut through the Eocene lake deposits of the central
Rocky Mountain depositional basins, revealing—once they were

found—one of the world’s greatest treasure houses of fossils. Here
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Hayden explored the Eocene Bridger Formation (which he named), the
overlying Green River and Uintah Formations, and the Wasatch Forma-
tion beneath, all of which showed promise for producing magnificent
fossil vertebrates.

In a monograph from 1873, Joseph Leidy would write of this re-
gion: “Fort Bridger occupies a situation in the midst of a wide plain at
the base of the Uintah Mountains. . . . [T]he neighbouring country,
extending from the Uintah and Wahsatch Mountains on the south and
west to the Wind River Range on the northeast, at the close of the
Cretaceous epoch, appears to have been occupied by a vast fresh-
water lake. Abundant evidence is found to prove that the region was
then inhabited by animals as numerous and varied as those of any
other fauna, recent or extinct, in other parts of the world. Then, too,
rich tropical vegetation covered the country, in strange contrast to its
present almost lifeless and desert condition. The country appears to
have undergone slow and gradual evolution; and the great Uintah
lake, as we may designate it, was emptied, apparently in successive
portions and after long intervals. . . . [T]he ancient lake-deposits now
form the basis of the country and appear as extensive plains, which
have been subjected to a great amount of erosion, resulting in the pro-
duction of deep valleys and wide basins, traversed by the Green River
and its tributaries.”?

The famous mountain man Jim Bridger had operated here. The
main western overland trails, having crossed over the continental divide
at South Pass, all led through the Green River lands before branching
off to Oregon, California, or Salt Lake City. Black’s Fork of the Green
River actually passed through the Fort Bridger parade ground. Fort
Bridger had been founded by Jim Bridger (after he gave up trapping in
favor of guiding migrants) to supply the westward travelers. It was later
taken over by the Mormons and then lost by them to the U.S. Army in
the Mormon War. In 1858 it became an official army depot with an
associated reservation of some five hundred square miles. After the In-
dian treaties of 1868 created the Wind River Reservation in southwest-
ern Wyoming for the Shoshone and Bannock people, peace came to the
region—another great boon for fossil collectors.
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The English explorer Sir Richard Burton visited the fort in 1862, and
he later wrote: ““The fort was built by Colonel James Bridger, now the oldest
trapper on the Rocky Mountains, of whom Mssrs. Fremont and Stansbury
have both spoken in highest terms. He divides with Christopher Carson,
the Kit Carson of the Wind River and the Sierra Nevada explorations, the
honor of being the best guide and interpreter in the Indian country. . . .
[Wlhen an Indian trader [he] placed this post upon a kind of neutral
ground between the Snakes and the Crows (Hasaroke) on the north, the
Oglalas and other Sioux to the east, the Rapahoes and Cheyennes on the
south, and the various tribes of Yutas [Utahs] on the southwest.”®

As was usually the case in those early days, the fossils from this re-
gion had first come to light when Leidy received specimens discovered by
some amateur collectors. The new Eocene mammals sent to Leidy came
from two doctors at Fort Bridger. Joseph K. Corson (another
Philadelphian—of course) was the army physician at Fort Bridger. James
Van Allen Carter was a doctor in the town; experienced in western affairs,
he acted as interpreter at the negotiations for the Treaty of Fort Bridger,
giving the eastern Shoshone Indians the Wind River Reservation. In a co-
incidence of names he was also the son-in-law of Judge William A.
Carter. (Joseph Corson later married another Carter daughter.)

Judge Carter, sometimes referred to as “Mr. Fort Bridger,” was one
of Wyoming’s most prominent early businessmen. He had traveled to
the region by wagon train in 1857 and never left." Starting out as sutler
(storekeeper) at the army fort, he branched out into cattle ranching, log-
ging, and mining and acted as probate judge for more than thirty years.
He essentially took over Fort Bridger in the 1870s, growing oats, barley,
potatoes, and corn, although the climate (at seven thousand feet) was
not suitable for the last. One source reported that Carter not only over-
charged the government for supplies “but was selling much stuft from
the reservation to other interests. . . . [A]n immense organisation was
maintained by the sutler, who employed a hundred men.”*°

Carter was reputed to be worth more than $200,000. Whatever the
truth about his honesty, he was a civilized man with a great library, fine
wines, and a grand piano. Little happened around Fort Bridger without
his knowledge and, preferably, his approval. Judge Carter, Dr. Carter,
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and Dr. Corson were pivotal in opening up the fossil beds of the region,
and they started sending material to Leidy in 1868. For several years
James Van Allen Carter collected for Leidy at Grizzly Buttes every Sun-
day; other favorite places were Bridger Butte, just west of the fort, and
the badlands along Black’s Fork. The first mammal materials that Leidy
received from the Fort Bridger region turned out to include remains of
a large unknown form that he named Palaeosyops.* Later he and others
discovered that Palaeosyops was a member of a group that included a
number of huge archaic tapir-like mammals related to his genus 7itan-
othertum (from the Dakota Bad Lands). In Eocene times they had
ranged in large numbers across the West.

Once Hayden had seen the sites for himself, he understood their
immense potential: “There are indications that when this group is thor-
oughly explored it will prove second only to the ‘Bad Lands’ of Dakota
in the richness and extent of the vertebrate remains.” And he was right;
in his 1873 report (which would turn out to be his last major paleonto-
logical monograph), Leidy could already identify and describe thirty-
one species of mammals, eleven of turtles, four of lizards, and nine of
fishes from the Bridger Formation alone, using collections made by his
diligent friends from Fort Bridger and Hayden. A year later, other
workers raised that number fourfold.

Hayden explored the Wind River Mountains, Green River, Bridger
Pass, the Medicine Bow Mountains, and the Laramie Range. The haul in
terms of fossils was enormous, and Hayden’s reports once again con-
tained major contributions by Meek, Lesquereux, and Leidy. He made a
large collection of Green River fossils, including not only fossil fishes
from the soon-to-be-famous “Petrified Fish Cut” (which went to Edward
Drinker Cope for description) but also mammals and a single magnifi-
cent feather. This last he sent to New Haven for identification. It was “a
true feather, as determined by Mr Marsh of New Haven; probably not a
bird’s feather, but belonging to some form of Archaeopteryx.”*

Hayden’s exploring and surveying (progressively more of the latter
than the former) continued through 1878. He worked in Montana and Yel-
lowstone Park in 1871, Montana, Wyoming, and Idaho i 1872, Colorado
in 1873-76, and Colorado and Wyoming again in 1877 and 1878. Each



Map of Wyoming, including the major overland trails converging on Fort Bridger near the southwest
corner (from Robert Ellison, Fort Bridger, Wyomang: A Brief History, 1931)
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successive volume of his official reports was better illustrated than its pre-
decessor and written in a more “accessible” language. His last report was
twelve hundred pages long. Hayden had early on hit on the device of de-
scribing the geology as he observed it along his route—those routes being
the major rivers into the Upper Missouri or the growing number of rail-
road corridors. The reports were thereby at once by readable by and use-
ful to a wider audience, although the practice soon came under criticism.

By this time, Charles Lyell’s prediction that the future of paleontology
would be found in the American West had long since come true, especially
in the long-standing themes in western geology involving the Cretaceous
and its relationship to comparable periods in the eastern states and in Eu-
rope. In less than two decades, Hayden and Meek had established a basic
structure of the Cretaceous and Tertiary periods in the West. It was a phe-
nomenal achievement and their results (imperfect though many of their
conclusions were) were being read with great interest in Europe.

One of Hayden’s more controversial opinions was his assertion
that, instead of the American West being geologically younger and less
mature than Europe, it was older. “One instructive lesson,” he wrote,
“i1s derived from the mistakes of those eminent men that, in the
progress of geological development, America was almost or quite one
epoch ahead of Europe—that the fauna and flora of the Cretaceous pe-
riod in this country was really more allied to those of the Tertiary Pe-
riod in Europe, and that, geologically speaking, America should be
called the Old World, and Europe the New.”*

This was not an original thought. It seems to have arisen with the es-
timable G. W. Featherstonhaugh, who had floated the idea on the basis
of a mistaken assumption that there were no rocks younger than the Coal
Measures in the American interior; he probably meant the term “Old
America” as a derogatory conclusion. The same theme had appeared in
an essay by Louis Agassiz titled “America: The Old World,” but Agas-

siz, like Hayden, doubtless meant it as a boast of American superiority.*

Hayden’s letters to Leidy over these years are almost comical in their
transparency. Every one started with the announcement that a new set
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of boxes had been shipped east and then quickly devolved into a re-
quest for Leidy to hurry up with his next manuscript, or make it longer,
or better illustrated. For example: “Dear Dr., I have placed in the ex-
press this day a collection of bones ... most of them are saurians
bones I think, but there is one curious fossil, that looks like a part of a
skull of a horned animal. I have sent all to you at once so that you might
study, describe and figure for my forthcoming report at once. . . . Do not
fail to write at once. As fast as I find anything I will forward it to you and
you must keep all I send safely. . . . You will be much befitted I think. . . .
Yours, F. V. Hayden.”*

However, a significant change in the disposition of western fossils
collected by the postwar surveys (both Hayden’s and those of Clarence
King along the fortieth parallel) occurred in the late 1860s. While, as
before, all Hayden’s materials were shipped back to Washington for the
Smithsonian with the understanding that Leidy would continue to de-
scribe the vertebrates, Hayden was allowed to dispose of the specimens
of which he had multiples. Hayden sold specimens to, among others,
the academy in Philadelphia and to Professor O. C. Marsh at Yale Uni-
versity. In 1867, for example, Hayden sent Marsh four boxes of fossils
“by cheap express,” promising to deliver the rest in person (he also sent
a photograph of himself ). The Marsh correspondence shows that in
May Hayden sent Marsh a receipt for “the sum of four hundred dollars,
the balance of the account ($600) due for the collection of fossil verte-
brates he purchased in 1866.” Marsh also got collections from Major
John Wesley Powell’s surveys in the Rocky Mountain region, but these,
exploring different territory and without the energy and interests of a
Hayden, were far less productive of fossil vertebrates.

The second significant change was an addition to the roster of pale-
ontologists contributing to Hayden’s reports. Perhaps because of his
impatience with Leidy’s slow, deliberate habits and probably also be-
cause of the sheer volume of material and range of geological contexts,
in 1870 Hayden started to send some of his vertebrates to be described
by the young Philadelphia zoologist Edward Drinker Cope.
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FOURTEEN

Kansas and a New Regime

Within the past two years settlers, in families and colonies, have spread west-
ward, along the line of the Kansas Pacific Railway, and also on streams north and
south of the road, nearly to the one hundredth meridian. . . . Itis safe to say that
the forces operating to throw population westward, taking into consideration
facilities of transportation, are three times as powerful as they were twenty-five
years ago. The result will be a gradual spread of people over the great plains, ar-
ranging their pursuits and modifying their habits to suit the capabilities of the
country and the necessities of their respective localities.

R. S. ELLIOTT, 1872

In‘the first five years after the American Civil War the rate of discovery
of fossil vertebrates in the West increased dramatically. In addition to
the efforts of Hayden and others, pushing their surveys deep into the
Upper Missouri regions of modern Colorado, Montana, and the Dako-
tas, many finds of fossil bones were now coming from people on the
ground. The population of the entire West was increasing rapidly both
from itinerants in the form of traders and army personnel and from the
permanent settlers in the new towns (especially those springing up
around the forts and along the continental railroad routes). In Utah, for
example, the population in 1850 was around 11,000; in 1880 it was
146,000. The burgeoning state of Kansas led the way in growth. In
1860 its population was about 200,000; in 1880 it was approximately
1 million. Eastern Kansas, with its superb farming land, had begun to be
well settled before the Civil War, while the western part of the state was
still essentially unpopulated for a long time and considered unfit for
agriculture, although it soon came to prominence for raising cattle.

In Kansas, not only was the land west of Fort Riley inhospitable to
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settlement, but so were the people, particularly the Cheyenne and Ara-
paho. The problem extended right across the southern plains. Reject-
ing the Medicine Lodge Treaties of 1867, under which the Arapaho,
Cheyenne, Kiowa, Apache, and Comanche were given (but restricted
to) their own reservation lands, war parties continued to harass settlers
in western Kansas and eastern Colorado. The army in turn took its ret-
ributions. In a notorious set of incidents at Fort Wallace, George Arm-
strong Custer of the Seventh Cavalry was court-martialed for reckless
behavior that had led to the loss of many men. He was reinstated a few
months later and, a year after the first Medicine Lodge Treaty was
signed, was responsible for the massacre of a Cheyenne village at the
Battle of the Washita, in Oklahoma, inflaming an already tense situa-
tion.

Ironically, in Kansas in the 1840s and 1850s, one of the tribes mak-
ing exploration and settlement of the western half of the state difficult
was none other than the Shawnee. These were descendents of the peo-
ple who, a hundred years before, had kidnapped Mary Ingles from her
northern Virginia homestead and carried her to the banks of the Ohio.
Since then, the Shawnee people had been steadily pushed westward, al-
though their path was not a simple one. In the 1600s they had lost their
homelands to other tribes and moved south into the Cumberland Valley
of Tennessee, returning to eastern Pennsylvania, New York, and Ohio
between about 1680 and 1730. By 1795 they had been pushed out again,
this time by white settlers, into northern Ohio and Missouri. John James
Audubon encountered groups of Shawnee at the confluence of the
Ohio and Missouri Rivers in 1810. In 1811, under Chiefs Tecumseh and
Tenskwatawa, they were defeated at the Battle of Tippecanoe. Between
1825 and 1845 they were pushed as far as Kansas (Topeka 1s the seat of
Shawnee County). But the state was already the home of the Cheyenne
and Pawnee, and most of the Shawnee eventually ended up in Okla-
homa reservations.

Displacing the Indians was inevitable if Kansas was to prosper as
part of the Union. The state was not only important in its own right for
agriculture and mining, it was vital to whites who wanted merely to pass

through. Good overland routes westward to Denver and southwest-
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ward to Texas and to New Mexico, along the three main tributaries of
the Kansas River (the Solomon, Republican, and Smoky Hill Rivers),
afforded a number of connections from the Missouri ultimately all the
way to California. In 1861 a new daily stage route was established north
and west from Atchison and thence on to Denver, Salt Lake City, and
beyond, following the River Platte. A three-times-weekly mail stage later
took a more southern route to Denver, passing almost due west across
the state along the Smoky Hill River. The Santa Fe Trail led off into the
southwest, with the Cherokee Trail splitting off northward at Pueblo to
meet the Oregon Trail at Fort Bridger as the latter followed the North
Platte River westward.'

Troops, traders, explorers, land agents, Indian scouts, buffalo
hunters, pioneers, and farmers—all the varied cast of characters of the
frontier—steadily pushed westward along these routes. Then the rail-
roads came. A whole new territorial imperative was created when the
Kansas Pacific Railroad (originally the Union Pacific Eastern Division)
crossed the Missouri River, reaching Topeka in 1865, Salina in 1867,
and Sheridan in 1868. The Central Branch of the Union Pacific took a
somewhat more northerly route across the state and was only about
halfway across by 1868. One of the first results of this development of
the “transportation frontier” was the deployment of the army to a series

of new forts along the railroad and stage routes.*

The army had a significant presence in the more remote parts of
Kansas, and of all the officers serving in the West it was most often army
surgeons who had the greatest interest in, and keenest eye for, fossils.
One of the more prolific fossil collectors to be smitten with the beauty
and strangeness of western Kansas was Dr. George M. Sternberg, an
army surgeon posted to various sites in western Kansas between 1866
and 1870. In forays out from the forts he collected every kind of min-
eral, fossil, and Indian artifact and quickly acquired a reputation as
something of an expert. He communicated with Baird and Henry at the
Smithsonian, with Leidy (who described most of his vertebrate finds),
and with Agassiz, Newberry, Hayden, and Lesquereux.
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The discovery that truly established western Kansas as a mecca for
fossil collectors was made by Captain Theophilus Turner, a graduate
of Jefferson Medical College in Philadelphia. In 1866 he became the as-
sistant surgeon at Fort Wallace, and his letters home give us a nice view
of the land and its people. He liked neither. As he wrote to his brother,
Fort Wallace “was within two miles of the Colorado line. It is placed on
the south fork of the Smokey Hill River, a stream that is by no means a
river.” It was a hard posting with no fresh supplies (“I nearly went wild
over an apple today. The first I have eaten in nearly two years”). There
was little decent water and, in addition to the Indians, the constant
threat of death from cholera.?

From its forts the army tried to protect travelers, railroad construc-
tion workers, and the assortment of men operating the staging posts.
“You have no idea what a peculiar class of people is to [be] met with in
this country,” Turner wrote. “Nor can you realize till you understand
how to conceive of an uninhabited desert, over which thieving murder-
ing bands of Indians only roam except on the outland routes. It seems
that there are men made for everything and it seems that a certain class
were made to keep stage stations and be satisfied with sixty-dollars.”

If Turner had a poor view of stage employees and the Indians, he
was equally critical of the government. He wrote home, “You have
doubtless seen by the papers that it is proposed to prevent Indians
hunting or travelling between the Arkansas and Platte rivers, and
that . . . includes nearly all of the best hunting grounds on the plains.
The Indian thinks that they are going to starve to death and that they
might as well die fighting. They have made a good commencement to-
ward using up this stage road, having ‘run off” all the horses and mules
for over one hundred miles. . . . I think the army would rather whip the
Indians into subjection than to secure peace by forming a treaty with
them as they care nothing for treaties but continue depradations [sic| af-
terward without fear of punishment.”

Although the Indians (mostly the Cheyenne) were a constant
threat, Turner still managed to ride out into the country and collect
mineral specimens. Late in 1867 he became a fossil collector when he

discovered parts of a skeleton weathering out of the bank of a ravine
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some fourteen or fifteen miles north of the fort. He picked out two large
vertebrae and gave them to John Lawrence LeConte, a young naturalist
who at the time was making a long survey along a possible rail route
from Sheridan, Kansas, to Albuquerque.*

LeConte took them back to Philadelphia, where he knew they
would be identified and appreciated. But instead of passing them on to
Joseph Leidy as might have been expected, LeConte gave them to Ed-
ward Drinker Cope. Cope was then twenty-eight years old and had al-
ready made a considerable name for himself as the volunteer curator of
herpetology—the study of living amphibians and reptiles—as well as a
paleontologist, at the Academy of Natural Sciences. His own (very suc-
cessful) fossil collecting had thus far mostly been restricted to New Jer-
sey. Cope quickly wrote to Turner asking him to collect the rest of the
skeleton, at the academy’s expense.

This was all a pleasant diversion for Turner. On December 20,
1867, he wrote: “On Friday last a party of us started on the prarie [sic]
ostensibly for the purpose of hunting but in reality for the purpose of
procuring the skeleton of an extinct monster which is embedded some
fourteen miles north of here. . . . It was found to rest in a slate hill simi-
lar in appearance to those which are found on the road between home
and Newton [New Jersey|.” Eventually, the skeleton—“something over
thirty-five feet of its vertebral column with about four inches of the an-
terior portion of its head with imperfect teeth, . . . a portion of alimb, a
perfect bone eight or ten inches in length, . . . the whole . . . weighs
about eight or nine hundred pounds”—arrived at the academy in
Philadelphia. Cope ascertained that it was a huge plesiosaur, far bigger
than the ones that Mary Anning had found at Lyme Regis. He named it
Elasmosaurus. This Kansan monster was a great coup for Cope. It was
just as dramatic a specimen as Leidy’s dinosaur Hadrosaurus and even
more complete.

Unfortunately, Turner was not destined to find more fossils. New
problems with the Indians kept all the officers at Fort Wallace occu-
pied, and then, in July 1869, he died suddenly of acute gastritis. Mean-
while, some of the first truly local (embedded, in the current term)

scholars had entered the scene. Across the West, local governments



152 GIANT SAURIANS AND HORNED MAMMALS

and the burgeoning number of colleges serving the new towns that were
springing up had begun to employ their own geologists and natural sci-
entists. Again Kansas led the way, with one of the principal goals being
to survey the state’s soils and its mining potential. Among the first pop-
ulation of western scientists were several who were interested in fossils,
among them Professor John D. Parker of Lincoln College (now Wash-
burn University) in Topeka and his friend Benjamin Franklin Mudge,
professor of mathematics and natural science at the State Agricultural
College (now Kansas State University) in Manhattan, Kansas.

Benjamin Mudge at the time was forty-eight years old. Born in Maine
and educated at Wesleyan University in Connecticut, he was a keen
mineralogist but first practiced law before moving to Kentucky as a
chemist for a coal company. An avowed abolitionist, he then moved on
to Kansas, first getting himself appointed state geologist. The year he
became a professor at the State Agricultural College, Mudge found fos-
sil footprints north of Junction City. During summer vacations in 1866
and 1867 he collected plant fossils and invertebrates from the Smoky
Hills that he sent to Meek. They turned out to be particularly useful in
establishing the precise stratigraphic correlation of the Kansas Creta-
ceous with that of New Jersey and Europe.

As circumstances allowed, Sternberg, Parker, Mudge, and other
part-time explorers began to range out along the stage routes that
wound across western Kansas. Like Turner, they also found remains of
“giant saurians” in the Cretaceous-age chalk hills and ravines of far
western Kansas. But what they dug out were not plesiosaurs, like Elas-
mosaurus, but huge mosasaurs very similar to the great mosasaur from
Maastricht that Cuvier had described more than fifty years earlier.

The “ichthyosaur” that Harlan had described in 1834 was also re-
ally a mosasaur, and the German naturalist Albert Goldfuss in 1843 had
described a mosasaur from Lewis and Clark country that had been col-
lected by “Major O’Fallon, Indian agent” at the Great Bend of the Mis-
sourl. Goldfuss named his animal Mosasaurus maximiliani, honoring

his patron, the explorer and naturalist Prince Maximilian zu Wied-
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Neuwied, who had made a scientific trip through the American West in
1832-34 and evidently obtained the specimen in St. Louis from O’Fal-
lon. It seems very likely that Harlan’s specimen and Goldfuss’s were
part of the same individual.> The prince was accompanied by, among
others, the artist Karl Bodmer, whose paintings are an important early
record of the western landscape.

The Lewis and Clark expedition may also have found mosasaur
vertebrae along the Missouri, and mosasaur remains (mostly teeth) had
long been known from the Cretaceous greensands of New Jersey. But
these Kansas fossils were remarkable not only for their size, preserva-
tion, and abundance; soon it appeared that they were not at all difficult
to collect. Entire seventy-foot skeletons were found right on the surface
in the Cretaceous deposits of the Smoky Hill River region and could be
extracted from the soft chalk with a knife. In harder strata, fossils had to
be taken up as they were, still enclosed in large, unwieldy chunks of
rock, and brought back to the laboratory, where the bones would be la-
boriously revealed with fine chisels and (nowadays) even acid. Needless
to say, the Kansas mosasaurs were not only easier to collect, they were
bigger and better than anything found in Europe.

Possibly the first of the Kansas mosasaurs was collected in 1867 or
1868 by “Colonel Cunningham and Mr Minor . . . in the valley of the
Smoky Hill River,” and was bought by Professor Agassiz for his Mu-
seum of Comparative Zoology at Harvard.® Around the same time, the
Kansas Pacific Railroad’s land agent in Topeka, William E. Webb, sent
Leidy and Cope photographs (with measurements) of a specimen of
Mosasaurus massouriensis that he had found “near the town of
Topeka.” Professor Parker said it was “seventy-five feet in length”;
Webb claimed eighty. Webb also sent Cope a partial skeleton of a ple-
siosaur that Cope made the type specimen of a new form, Polycotylus
latipinnus. By 1875 the remains of some five different genera and
twenty species of mosasaurs had been described in Kansas alone.”

Benjamin Mudge also collected in company with Professor Merrill
of Washburn College, Professor Felker of Michigan Agricultural Col-
lege, Professor Warder of the Indiana Geological Survey, and students

from his own college. During an expedition to the Republican and
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Solomon Rivers in the summers of 1870 and 1871 he traveled as far west
as Sheridan and Fort Wallace, “into the wholly uninhabited regions, the
home of the bison and roving bands of Indians.” There he found a rich
trove of vertebrate fossils in the chalk. These fossils also did not go to
Leidy. Instead, Mudge sent them to “a young and promising naturalist”
in Philadelphia.®

That young naturalist was, once again, Edward Drinker Cope. A
particular reason for choosing him may have been that Mudge had
found remains of huge Cretaceous fishes, and Cope was far more of an
expert on fishes than was Leidy. The new fish remains included the
jaws, teeth, and vertebrae of Sawurocephalus. This was the animal of
which Lewis and Clark had collected a jawbone. Harlan had named it
an ichthyosaur but now it could be seen to be a giant fish.? Over the fol-
lowing years Cope would show that there had existed a range of these
and other monsters in the Cretaceous seas of Kansas.

The wider result of all this was that Cope, by promptly describing
Mudge’s material, established himself as a player in the western fossil
stakes and, having already snagged the Elasmosaurus, became the lead-
ing authority on all fossil bones from Kansas. The well-worked story of
the Cretaceous seas that had covered so much of the West now had a
new cast of fossil characters—monstrous fishes and marine reptiles—
and a new human iterlocutor. Leidy could never have captured in
words the drama of this sort of paleontological discovery. But eventu-
ally Cope did: “If the explorer searches the bottoms of the rain-washes
and ravines, he will doubtless come upon the fragment of a tooth or jaw,
and will generally find a line of such pieces leading to an elevated posi-
tion on the bank or bluff, where lies the skeleton of some monster of the
ancient sea. He may find the vertebral column running far into the lime-
stone that locks him in his final prison; or a paddle extended on the
slope, as though entreating aid; or a pair of jaws lined with horrid teeth,

which grin despair on enemies they are helpless to resist.”*



FIFTETEN

Entry of the Gladiators

Born in 1840, Edward Drinker Cope attended a prestigious and rigor-
ous school—Westtown Friends School—but he did not attend univer-
sity. The Copes, a Quaker family, had long been prominent in
Philadelphiay business circles; his grandfather Thomas Pim Cope
owned a successful packet ship line. The young Cope should have been
destined to continue in the family businesses, although he showed no
mterestin.the world of commerce. He grew up on his father’s rural es-
tate just outside Philadelphia, and when he was sixteen his father, Al-
fred Cope, worried about his son’s health, sent him to work during the
summers on a series of family farms in the region. In 1860, his father
bought the twenty-year-old a farm, hoping to establish him financially
and give him more of an anchor in life than natural history."

From a very early age, however, Cope had been passionate only
about natural history. His interest was developed by living close to na-
ture and reinforced by many trips to the Academy of Natural Sciences
in Philadelphia. At school he was seen as having “an incessant activity
of mind and body, usually highly amusing to an observer. People’s at-
tention was instantly caught by his quick and ingenious thought, ex-
pressed in a bright and merry way. His mind reached in every direction
for knowledge, seizing upon everybody who came in his way, as a
source or else a receptacle of information, which he was as ready to im-
part as receive.”” In addition he soon turned out to be quite gifted as an
artist.

155
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For such a brilliant youngster, managing a farm was no more attrac-
tive a proposition than managing a shipping line. He eventually found it
simpler to rent the farm and live off the income. After two years of fruit-
lessly pushing his son into directions he simply could not go, Alfred
Cope relented and let him attend the University of Pennsylvania as a
student of Joseph Leidy in anatomy and zoology. By this time Cope was
already sufficiently skilled as a zoologist that he ensconced himself at
the Academy of Natural Sciences and reorganized its collections of am-
phibians and reptiles on modern scientific lines. He was quickly recog-
nized as having accomplished more as a relatively unschooled amateur
than had any of his predecessors working in that august but conserva-
tive institution.

Like other midcentury naturalists on both sides of the Atlantic, the
young Cope was caught in a trap: the natural sciences, no matter how
intellectually attractive, did not easily produce career opportunities.
Even at a great institution like the academy the curators were all volun-
teers. The best of a number of poor choices would have been to go into
medicine, as Leidy had. Indeed, from Caspar Wistar onward there were
many excellent examples to have followed. Similarly, in England,
Charles Darwin had had the same problem, ultimately solved in the
same way—with family financial support. Cope’s father, like Darwin’s,
had to bow to the inevitable and acknowledge that his son was never go-
ing to be a productive part of the business community.

A more immediate difficulty was that Cope was a young man in a
country engulfed in a civil war. The Quakers were, of course, pacifists,
and there was no question of Cope actually being caught up in the fight-
ing. Nonetheless, he was packed off to Europe on a sort of scientific
Grand Tour. In London and Cambridge he met some, but by no means
all, of the contemporary greats; he did not formally study there, al-
though he spent a great deal of time in the British Museum studying the
fish, amphibian, and reptile collections—just as he had at the academy
in Philadelphia. He admired the museum’s superb specimen of Ar-
chaeopteryx and also fell in love at least once.

After returning to Philadelphia in 1864 with his appetite for science

whetted and his (always pronounced) energy, self-confidence, and am-
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bition bolstered, Cope briefly held a courtesy appointment as professor
of natural history and chemistry at Haverford College. Clearly this po-
sition was “negotiated” for him by his family. But his heart was not in
teaching undergraduates; it was in research. And so he embarked on a
life as an independent zoologist. In August 1866 he married a distant
cousin, Annie Pim; the following year their only daughter, Julia, was
born. Life settled down to a comfortable routine focused entirely on sci-
ence. He was by no means poor; there was the rent from the farm that
his father had given him, and his father’s many generous “loans” usu-
ally turned into gifts. But until his father died in 1875, Cope never had
the sort of ample funds that would allow him to move freely around the
country or to hire as many field-workers to collect for him as he would
have liked.

While a professor at Haverford, Cope began to travel modestly, as
far as Ohio and Virginia. One of the areas of study in which he became
expert was the strange blind fishes and crustaceans that develop in
caves. He also began to extend in a different direction—time. He started
to collect and study fossils, both in the Coal Measures of Ohio and the
Cretaceous beds of neighboring New Jersey. One of Cope’s early suc-
cesses in the realm of fossils, and his first published paper in paleontol-
ogy, was the description of a new Coal Measures (Pennsylvanian) fossil
amphibian. The specimen had been sent from the Illinois state survey to
Leidy, who passed it on to his former student. Cope named the new
form Amphibamus (dual mover), to emphasize its froglike position be-
tween aquatic fishes and land tetrapods.

As Vanuxem and Morton had shown, the Cretaceous beds of New
Jersey were equivalent in age to strata in Europe that had already
yielded a wealth of fossil material. Maclure and Thomas Say had long
since described how, instead of massive layers of chalk, the New Jersey
Cretaceous consisted largely of greensands and marl (marl was rich in
phosphate, and farmers spread it on their fields to improve the soil). Ex-
ploring across southern New Jersey, Cope started to find mosasaur
teeth, similar to those from the mosasaur found at Maastricht in Bel-
gium.

In 1868, the same year that he described the great Elasmosaurus
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sent by Turner from Kansas, Cope had a great stroke of fortune. The
superintendent of the West Jersey Marl Company wrote to tell him
about some bones that his workmen had found in one of the pits near
Barnesboro, New Jersey. These turned out to be the remains of a “gi-
gantic extinct dinosaur,” but unlike Leidy’s Hadrosaurus of 1858, this
was a carnivorous form and so was inevitably compared to Mega-
losaurus from England.* It was of a similar size—some forty feet. Cope
named it Laelaps aquilinguis, and he remained fascinated by this crea-
ture for the rest of his life. Even six years later, for example, sitting in his
tent in New Mexico, Cope sketched in his field diary images of what
Lacelaps might have looked like in life.

As far as fossils from the American West were concerned, at first,
Cope followed Leidy in being content to receive specimens for study
from contacts out in the field (like Mudge), rather than travel there him-
self. Between the end of the Civil War and the completion of the first
transcontinental railroad link (1869), travel to the West still appeared
too hazardous and time-consuming except for intrepid explorers like
Hayden and the members of the numerous government surveys. Travel
out west was also very expensive. There was much work to be done at
localities that were closer to home and more readily accessible.

Although born to a Quaker family and retaining the old form of ad-
dress “thee” until late in life, Cope was in many ways the least Quaker-
like of Philadelphians. Where Quakers avoided personal aggrandizement
and made their decisions slowly and carefully by consensus, Cope was
impulsive, egotistical, and impatient of authority. He was careless with
money instead of frugal. Tall and handsome, he distinctly had an eye
for the ladies. Inevitably, he fitted in badly with Philadelphia styles and
nstitutions. It was his misfortune that the Academy of Natural Sci-
ences, where his intellectual heart was, and on whose collections of am-
phibians and reptiles he built his reputation as a scientist, was one of the
slower institutions in the United States to accommodate to men like
him. The academy was unwilling to take the steps that would be needed
to make American science more professional and (intellectually as well
as institutionally) more aggressive. The contrast between the calm,

avuncular, steady Joseph Leidy and the young upstart Cope could not
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have been greater, and Cope did little to conceal his impatience with the
ways of the “old guard” (ways that, of course, kept him from paid em-
ployment at the academy). Interestingly enough, this drive to profes-
sionalize science was one of the few things that Cope had in common
with the man who became his lifelong rival, Othniel Charles Marsh
at Yale.

Marsh had had a very different upbringing and education from Cope,
but in many respects the men were cut from the same cloth. Marsh was
born in 1831 on a small farm in South Danvers, Massachusetts. His
mother died when he was young, and after that his father had an unsuc-
cessful career variously in farming or keeping a variety of stores and was
always poor. But Marsh had the advantage of an extremely rich and in-
fluential uncle, the financier George Peabody, who supported his late
sister’s son generously.” Peabody paid for Marsh to attend Philips An-
dover School, where he proved to be a brilliant student. A classmate re-
membered that “he stood first in every class every term without
exception. He studied intensely, but tried to make the impression that
he achieved his success without any work at all. In the debating club, he
also took hold strongly, although he was at this time a slow and halting
speaker, and never in his life was anything of a rhetorician. His superi-
ority in managing practical affairs soon impressed all, and he became
manager of the society and held the whole thing in his hands.”® He also
showed himself to be an adroit politician in student affairs.

Going on to Yale (Class of 1860), Marsh studied classics and devel-
oped his interests in mineral collecting and geology at large. He grew up
to be an energetic outdoorsman, an excellent shot and keen fisherman,
but shy. After graduating he became a member of the first class of the
new Sheffield Scientific School at Yale, where he continued to study ge-
ology and mineralogy with Professor James Dwight Dana, Benjamin
Silliman Jr., and George Jarvis Brush. While still a student Marsh pub-
lished papers on the mineralogy of Nova Scotia and also on some in-
triguing fossil remains that he had collected on summer field trips to the
Coal Measures there (probably in the summer of 1855).
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When Marsh showed a Nova Scotia specimen to Louis Agassiz at
Harvard, Agassiz promptly fired off an excited letter about it to the
American Fournal of Science, stating that “we have here undoubtedly a
nearer approximation to a synthesis between Fish and Reptile than has
yet been seen.”” Nettled by this “poaching” (really an abuse of Agas-
siz’s position), Marsh quickly published his own lengthy description of
it, giving it the name Eosaurus acadianus and, in rather haughty lan-
guage, concluding that Agassiz was wrong. “The highest authority” he
said, would “establish a connection between these remains and the ver-
tebrae of the Ichthyosaurus.” In fact, however, Agassiz had been more
or less right: Eosaurus was a lower tetrapod, not an ichthyosaur. Per-
haps the experience of being scooped by Agassiz fixed in Marsh the im-
portance of controlling his own material; certainly in his later career
Marsh fretted endlessly about establishing priority for the description
and naming of new fossil species. The pressure always to be first be-
came almost overwhelming in the face of the huge volume of new mate-
rial to be described.

With the Civil War raging, Marsh, like Cope, headed off to Europe
in 1862, first to London and then to study in Heidelberg and Berlin. In
Berlin he briefly met Cope, who was on his own study tour. In 1864
Marsh moved on to Breslau, where he studied under Carl Ferdinand
von Roemer, a geologist and paleontologist who had collected inverte-
brates in Texas as early as the 1840s, when a large German colony was
established around Dallas. Among the lessons that Marsh learned from
Roemer was that “the most inviting field for palacontology in North
America is in the unsettled regions of the West. It is not worth while to
spend time on the thickly inhabited region.” He met most of the im-
portant paleontologists of the day (but apparently not Huxley). Like
Cope he studied the collections of the British Museum, including Ar-
chaeopteryx, before heading home.

All this foreign travel and study also had one very particular focus.
The entrepreneur and philanthropist George Peabody had proposed
donating money to Yale for a new scientific museum (the one that today
bears his name). With the endorsement of Professors Dana and Silli-

man, Marsh was being cultivated for a professorship at Yale to teach
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geology and paleontology and to head the museum. Marsh duly re-
turned to New Haven in July 1865 to take up his new career, although the
position was actually an honorary one; Peabody’s personal allowance
substituted for a salary. Marsh began his teaching and wrote papers on a
variety of minor subjects (mastodon remains, fossil sponges, and the
Ohio Indian burial mounds) while also planning the new museum.
Among his recent paleontological interests were the Triassic footprints
from the Connecticut River valley that Edward Hitchcock had first de-
scribed in 1836, and Marsh collected some of these for the museum.
Always a shy and private man, Marsh never married, and although
he was adept at cultivating the rich and famous, he seems to have had

few close personal friends.

Sometime in the late 1860s both Cope and Marsh decided to devote
their careers to the study of fossil vertebrates. Putting it in quasi-cynical
terms, both saw that fossils would provide a platform from which to
achieve great things. More generously, in the new scientific order cre-
ated by the publication of Charles Darwin’s On the Origin of Species,
and the new respectability of theories of evolution, fossils from the past
represented the science of the future for anyone interested in natural
history. Fact finding could be convincingly linked to theory making. As
Cuvier had predicted, the most dramatic and useful discoveries were
being made in the area of fossil vertebrates. Furthermore, in America,
the only serious worker in fossil vertebrates was Leidy—brilliant and ac-
complished but not interested in using fossils to create a politically pow-
erful position in science (or, at least, only on his own rather reticent and
gentlemanly terms).

Apart from his early descriptions of Eosaurus, Marsh had little prior
experience working with vertebrates, but those studies showed that he
had an excellent mastery of anatomy and of detail. Study of mineralogy
had given him a keen appreciation for order and classification. Cope had
always concentrated on vertebrates, but his earliest interests had been in
the living forms, especially fishes, amphibians, and reptiles (herpetology).
His interests were first also in the area of taxonomy and classification.
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Given their later head-on competition, it is highly ironic that both men’s
earliest ventures into the realm of fossils were descriptions of new Coal
Measures fossil amphibians (although Marsh had insisted his was an
ichthyosaur).

At first Cope and Marsh were reasonably good friends, or at least
cordial colleagues, sharing in the pleasures of working with fossils and
enjoying the fact of having common interests. Cope mvited Marsh to
join him for a visit to his sites in New Jersey, and they corresponded ex-
tensively.'” Cope’s second paper describing his dinosaur Laelaps from
New Jersey also contains a short description of a new form of mosasaur,
which he named Clidastes, and that the genus was “established on a
species represented by a single dorsal vertebrae, which was found by
my friend Prof. O. C. Marsh, of Yale College, in a marl pit near Swedes-
boro, Gloucester Co., N,J.”"

It is not possible to pinpoint exactly when Cope and Marsh fell out,
or why. But when they did, it was no small thing. They cultivated a mu-
tual animosity with as much diligence (and sometimes more) as they de-
voted to the collection and description of their fossils. What started as a
friendly professional rivalry eventually became a public scandal. Most
likely the situation grew upon them gradually. But one deciding factor
for Marsh may well have been that he had seen a point of vulnerability
that encouraged him to be more aggressive. That weakness concerned
Cope’s Elasmosaurus, the plesiosaur fossil that Captain Turner had
sent him from Kansas.

Unfortunately, instead of being one of his great triumphs—a magnif-
icent monster assembled for display in the Philadelphia academy and
even rivaling Leidy’s Hadrosaurus—Cope’s Elasmosaurus platyurus was
to prove a great embarrassment. When he reconstructed the fossil he liter-
ally got it backward, mistaking the neck for the tail. He put the head on
the wrong end. It was an understandable error, but plesiosaurs, as a
group, were already quite well known in 1868; all of them had very long
necks. Cope’s reconstruction would have meant that Elasmosaurus was
something never seen before: “different from Plesiosaurus in the enor-
mous length of the tail, and the relatively shorter cervical (neck) region.”

If he had been right, it would have been a most dramatic discovery.
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Cope’s “wrong-headed” reconstruction of Elasmosaurus

(Ewell Stewart Library, Academy of Natural Sciences)

On a visit to Philadelphia in spring 1869, Marsh pointed out Cope’s
mistake, and a nasty argument developed. Leidy was brought in to adju-
dicate, but unfortunately for Cope, Leidy agreed with Marsh. One ver-
sion of the story has the three men poring over the bones, laid out on a
table, with Leidy silently picking up the head fragment and putting it
down at the tip of what Cope had thought was the tail. Even worse for
Cope was the fact that he had been so keen to get the word out about his
brilliant new work that he had written of it in a paper due to appear in
the Transactions of the American Philosophical Society, and had rashly
had advance copies distributed. These had been sent to all his friends
and colleagues, including Marsh. Hastily he had to try to get them all
back before changing the main publication.

An uncharacteristic feature of this incident is that, rather than
simply leaving Cope to correct his own mistake, Leidy published a
short note of his own on the subject, thus rubbing salt into the
wound. First Leidy read what could have been taken for some infor-
mal remarks on Elasmosaurus at the March meeting of the academy
(Marsh was in the audience!). That seems harmless enough in princi-
ple, but the blunt remarks—“Prof. Cope has fallen into the error of
describing the skeleton in a reversed position to the true one”—were
reprinted in the American Journal of Science. And Leidy also claimed
that Elasmosaurus was in any case not new; it was really the same as
an existing plesiosaur named—by none other than Leidy himself—
Discosaurus."

It seems unlikely that Leidy would have done this unless there had
already been a serious breach between him and Cope. That breach may
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have occurred in connection with Benjamin Hawkins’s plans to repro-
duce Hadrosaurus for the New York Paleozoic Museum—possibly
Cope’s Laelaps had at first been excluded from the displays.

In a reply to Leidy’s paper, and in his hurriedly revised description
of Elasmosaurus, Cope responded icily that he had been led astray by
none other than Leidy himself, whose earlier reconstruction of a differ-
ent plesiosaur turned out to have erred in precisely the same way, some-
thing that Leidy had failed to acknowledge: “Prof. Leidy does not,
however, allude to the principal cause of this error, which was the simi-
lar reversal of the vertebral column in his descriptions of his genus
Cimoliasaurus,” he wrote." Both men had been deceived by the nature
of the articulations of the vertebrae, and Cope had also been assured by
Turner that in the field the head of Elasmosaurus had been found at the
tip of what turned out to be the tail.

No explanation would smooth over Cope’s appalling solecism, and
the net result of the incident was both that he became even more es-
tranged from his major Philadelphia colleague—Leidy—and he had
made himself vulnerable to criticism by Marsh. Some new sides to the
personalities of Leidy, Cope, and Marsh were exposed in this episode.
Leidy turned out not to have been so saintly after all, revealing too
quickly and bluntly the extent of an evident distaste for Cope and his
methods; Cope was shown as working too quickly and too carelessly,
and taking criticism badly; and Marsh was revealed as competitive and
ruthlessly unforgiving.

It has been said that this event abruptly changed the personal equation
between Cope and Marsh; in later years Marsh claimed as much. But it is
unlikely to have been the single deciding factor. In fact, probably no single
factor precipitated their mutual animosity, and the descent of the Cope-
Marsh relationship into outright hostility does not seem to have been
abrupt. In retrospect, Cope and Marsh seem to have been destined to com-
pete with each other rather than to cooperate. Given their very different
personalities and colliding ambitions, their estrangement grew inexorably
out of a hundred different small incidents and impressions. Even before
the Elasmosaurus affair, for example, Cope had had suspicions that “his”

collectors in New Jersey were being suborned to sell their finds to Marsh.
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That these two giants of American science would come to excoriate
each other as frauds and know-nothings might have been inevitable. But
in a sense it was all madness. It destroyed them both and dragged down
their friends. To put it dramatically, as the two former colleagues be-
came ineluctably drawn into conflict their subsequent lives had every
characteristic of a classic Shakespearean tragedy. It certainly is one of

the defining narratives of American paleontology.”

One of the aims of this book 1s to avoid presenting the Cope-Marsh
feud as the whole story of midcentury American paleontology. Before
we turn to the legendary exploits of Marsh and Cope in the great col-
lecting localities of the American West, therefore, there is another ques-
tion to be asked. What was the greatest naturalist in the United
States—Louis Agassiz, based at his great museum at Harvard—doing
when news of all those fossil treasures started to come in from the
West? Agassiz was never reticent in his pursuit of science. Since com-
ing to America from Switzerland in 1846, Agassiz had made Harvard
the center of American zoology. Why did he not compete directly with
the youngsters Cope and Marsh? Why, indeed, had he not preempted
them both and already used his undoubted influence to gain the most
favorable position in the West?

Agassiz was fully familiar with all the fossil treasures that had come
out of the West since Prout’s and Leidy’s first studies of the White
River Bad Lands fossils. Captain George Sternberg had written to him
from Fort Wallace in Kansas and sent him specimens. Agassiz had even
been in St. Louis at the right moment to settle the differences between
Evans and Hayden in 1853 as they set off up the Missour1. And he had
made a western tour in 1868, with a party organized by Senator Roscoe
Conkling of New York." In the stifling heat of August, his group visited
western Kansas, where Agassiz met Sternberg at Fort Hays and ob-
tained one of the very first of the newly discovered mosasaur skeletons
for Harvard, the one collected by Cunningham and Minor. At Fort Wal-
lace he met Turner, who had only recently sent the Elasmosaurus skele-
ton to Cope.
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Turner described him as “searching after bugs, fish and fossils. He
1s certainly a very funny old fellow and afforded us much amusement by
his jokes and quaint manners.” But Agassiz had not enjoyed that trip—
made in the heat of August and September—and there had been gen-
uine danger from the Indians because Kansas was “very unexpectedly
in an horrible Indian war.”7 Typically enough, Turner was dismissive
of the visiting eastern big-shots: “The present Indian troubles . . . are
well calculated to infuse some little life into a man—or at least one would
so infer from the fear expressed by all eastern people we have an oppor-
tunity to meet, ... [who] ... certainly showed more consternation
than you would expect from the brave manner in which they discuss In-
dian affairs in Congress.”®

Agassiz cast his professional eye on the scenery for evidence of gla-
cial action (the subject that had made him famous as young man) and er-
roneously (and, to some contemporaries, comically) ascribed the entire
topography to the effects of Pleistocene glaciation. Next the party traveled
by rail tantalizingly close to where, within a couple of years, the great
Eocene Bridger Formation collections would be made. There Agassiz met
Hayden and collected, or purchased, some Green River Formation fishes.
Hayden wrote to Leidy from “near Green River . . . I am far west at the
end of the UPRR. Prof Agassiz has just left in high glee, he has found
much of great interest. He has obtained a fine jaw and teeth of a species of
Mylodon and several species of fishes with fossils. He says he now under-
stands my work as he never understood it before.”

Agassiz did not return to the West. He may simply have felt that at
more than sixty years of age he was too old for camp life and the priva-
tions of an extended collecting trip to Kansas or Wyoming. Whatever
his reasons for not seizing the initiative by collecting in a region that ob-
viously had a huge potential, Agassiz held back. He did not even send
out an assistant. And then it was too late. An exchange of letters be-
tween Agassiz and Marsh gives a partial, after-the-fact rationalization of
the issue. Agassiz claimed to have left the field to Marsh because Marsh
had got there first—and was far better funded.

Early in 1873, after news of Marsh’s first triumphs in the field (“your

astounding announcement concerning Odontornithes”) had become
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widespread, Agassiz wrote to him offering to have his expert staff in Cam-
bridge make duplicate casts of some of Marsh’s treasures, for study and
display. Agassiz was a firm believer in the exchange of casts of important
material between researchers as a supplement to published reports, far
preferable to mere drawings. “If good casts of your specimens go forth,
they will for ever be referred to in preference to any other publications.”
Evidently this suggestion was not well received, partly because Marsh
guarded his research material jealously, and partly because he had no in-
terest in seeing scientific material displayed for the public. He may also
have felt insulted by the implication that the illustrations in his publica-
tions were in any way to be considered inadequate.

Being so firmly rebuffed by the younger man, Agassiz wrote again,
covering his tracks a little. “The matter is simple. From the beginning
of the organisation of the Museum I have refrained doing in Cambridge
what is done as well and may be better elsewhere, our means for scien-
tific purposes not being, in any of our institutions, sufficient to do
everything equally well. So when I saw how energetically you were
pushing the investigation of our fossil vertebrates I desisted altogether
in my efforts in that direction. . . . [TThere is no probability of these
wonderful forms being found in sufficient number to supply several
Museums.”*

In fact, Agassiz eventually did employ private collectors out west for
his own museum, too. And the supply of “wonderful forms” turned out
to be almost inexhaustible. But even without Agassiz directly competing
with them, the whole American West was, it seemed, not big enough to
contain both Cope and Marsh without the two of them quarreling. Their
mutual hostility fueled a frantic race to scour the West for fossils and, in
the process, became one of the great legends of all science. Whether sci-

ence as a whole gained or lost in the process remains debatable.



SIXTEEN

Riding the Rails

The decade of the 18;70s was pivotal for the discovery of fossil verte-
brates in America. From the many geographic and geological surveys,
information about everything to do with the West—from soil conditions
and timber stands to mining prospects (precious metals and, of course,
coal)—was changing with ever-increasing speed. This fed dramatic
changes in the economy. Between 1860 and 1870, wheat production in
the north-central states more than doubled, and corn production in-
creased threefold. Even more significantly, the amount of silver pro-
duced increased from 156,000 tons in 1860 to 36 million tons in 1873. In
1850 the country was already mining some 7 million tons of coal annu-
ally. But although emigrants to the West might have found it limitless in
its geographical extent and personal opportunities, for fossil collectors
like Edward Drinker Cope and Othniel Charles Marsh, when they
began their own explorations westward, the land was already almost
crowded and access to it immediately became contentious.

In 1870, apart from a number of important amateurs and the part-
time collectors like Mudge’s colleagues in Kansas, five men stand out in
retrospect as having made serious professional contributions to the field
of bone hunting: Hayden, Leidy, Mudge, Cope, and Marsh. Leidy had
never collected out in the field, and Hayden was principally involved with
the government geological surveys. Mudge tried to accommodate every-
one and was content to remain principally a collector. The feud that sub-
sequently developed between Cope and Marsh has become legend.

168
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In the bitter thirty-year battle between these two giants, the primary
1ssue was competition—for fossils, for access to the sites from which the
fossils came, and for the prestige, authority, and even political position
that came with describing these finds for science. Such rivalry was not
original with Cope and Marsh. Even from the time of Hayden’s first ex-
pedition to the Dakota Bad Lands with Meek, in 1853, when they found
themselves literally in the same boat and with the same destination as
Dr. John Evans, different groups of collectors, working for different pa-
trons, had often found themselves in the predicament of competing for
the same fossils in the same place. Cope and Marsh, however, took
things to new lows.

Given the vastness of the West, why was there not room for all?
That immensity was, of course, part of the problem: in such an extent
of wilderness, where would one start looking? Part of the explanation
therefore is that, as with any gold rush, once spectacular finds were dis-
covered at a particular site, everyone wanted to go and collect there, or
to closely neighboring regions, if necessary elbowing each other out of
the way. As Leidy sat in Philadelphia steadily describing the western
fossil vertebrates sent to him in the immediately pre- and postwar years,
he was signaling to the rest of the world where the best fossil localities
would be. As he apparently had no interest in following up those dis-
coveries for himself, it became open season for others.

A related cause of the competition was that scholars like Marsh and
Cope (the former to a greater extent) relied on the experience of their
informants (often paid collectors) out in the field. These men really
knew the ground and would offer their services to collect in places
where they had previously found fossils. But those collectors also
worked for more than one patron. For example, Charles Sternberg
(younger brother of George M. Sternberg) collected for Cope in the
1870s, for Agassiz in 1881 and 1882, for Cope in 1883, and from 1884
onward for Marsh. Rival camps could therefore easily come to argue
over who had the rights to, and priority for, given sites.

A further factor in all this was even more basic. The total number of
productive regions, until the 1890s, remained small. And that in turn was

because the fossil sites over which people squabbled were historically
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and geographically contingent. They were not simply the best sites out
of hundreds found through careful scrutiny of the millions of square
miles of the West; they were the handful of sites that had been discov-
ered and developed simply because they were accessible.

Geography and history controlled the development of paleontology in
the West. Even a cursory glance at a map of the United Sates between
the Missouri and the Rocky Mountains will show the basic situation. The
western mountains extend in a line (several lines, actually) running
more or less north-south, and the rivers draining from them run (also
or more or less) west to east from the mountains toward the Missouri
River. At the northern end of this great region, the Missouri itself turns
to run west to east as it drains the Rocky Mountains. The rivers feeding
the Missourl, from the Arkansas to the Judith, have carved deep into the
rocks to reveal thousands of square miles of badlands, principally Cre-
taceous and Tertiary in age, full of fossils. To get to these sites, the early
scientific traveler had either to go up the Missouri and then head west
overland, or to go wholly overland from hubs like St. Louis. Whether
by steamboat or by wagon, travelers could take only a small number of
routes that were largely defined by the rivers. Those routes were pio-
neered by the early emigrants heading to the Far West and the trappers
and traders working for the fur companies.

At first, western travel meant using the rivers to get into the hinterland
of the Upper Missouri country. The river route up the Missouri became
particularly important after 1831, when the American Fur Company’s
paddle steamer Yellowstone showed that it was possible to reach points far
upriver like Fort Benton. The Missouri steamboats principally served the
fur companies, which used them to take trade goods upriver and bring
down furs. They offered an attractive alternative to the more arduous
overland route. It is no surprise therefore that the first vertebrate fossils
were found in the vicinity of the fur companies’ forts and trading posts.
And it is no coincidence that many of the important fossil-bearing geo-
logical formations of the West are named for these early trading forts: Fort

Benton, Fort Pierre, Fort Laramie, Fort Union, Fort Bridger, and so on.
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An ever-growing network of wagon and stage roads had reached
across the West before the Civil War. Many of these were originally In-
dian or buffalo trails that became institutionalized by simple dint of re-
peated travel. Later, the government improved them. These roads were
the major route of travel for the gold seekers and farmers who walked
behind their wagons from the east. Soon they were essential for the car-
riage of the overland mails all across the West and to California and
Oregon. The most famous of these roads was the Oregon Trail, which
led from jumping-off points in St. Joseph and Independence, Missouri,
through Fort Kearney, Nebraska, along the North Platte River, to South
Pass in Wyoming, and then down to Fort Bridger. The Mormon Trail,
the Bozeman Trail, and the California Trail all split off from the Ore-
gon Trail in western Wyoming. Other important trails were the Chero-
kee, Smoky Hill, and Santa Fe Trails crossing Kansas. All along these
routes, more forts and settlements were established. In addition to the
old fur companies’ forts, there were now the stage posts, which tended
to be set between ten and fifteen miles apart along the roads. After the
Civil War, when Indian attacks on travelers were at their height, army
forts were set up along the same routes. All these settlements attracted
and concentrated people and, in turn, tended to focus the patterns of
local exploration and the discovery of fossils. Such was the case with
the classic sites of the Kansas Cretaceous, discovered by Turner, Stern-
berg, Mudge, and many others, along the Smoky Hill Trail from Inde-
pendence to Denver.

After about 1870, the new continental railroads fundamentally
changed the situation again. The Baltimore and Ohio had reached St.
Louis in 1857, making that city even more of a focus for westward travel.
Another early hub was St. Joseph, Missouri. Expansion of the rail net-
work beyond the Missouri River and across the prairies began only after
the Civil War, and because they needed the same flat elevations, the newly
surveyed continental routes often followed the wagon roads. The Union
Pacific route, for example, followed the Oregon Trail, taking the north
bank of the Platte River between Omaha and Fort Kearney, while the
stage road took the south side. The Kansas Pacific took its way west

alongside the Smoky Hill River stage route from Topeka, through Fort
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Hays to Fort Wallace. Therefore we find that another set of important ge-
ological formations were named in accord with stops on the railroads, and
this has led to some confusion in identifying some of the old fossil locali-
ties. Specimens collected at “Monument Station, Kansas,” for example,
were probably not found near the railroad tracks but adjacent to the stage-
coach station several miles away.

Once the transcontinental railroads had been driven through (and
after the famous moment of linking-up of the Central Pacific and the
Union Pacific on May 10, 1869), the paleontologists quickly followed.
The reason that both Cope and Marsh naturally would want to collect
at, for example, Fort Bridger, Wyoming, or Fort Wallace in western
Kansas, was not simply that they knew interesting fossils had been gath-
ered there: they now knew that they or their collectors could easily get
there. In some cases, the beds were right next to the tracks. The famous
Green River Eocene fossil beds, for example, which yielded a super-
abundance of fishes, reptiles, and mammals, just happened to be acces-
sible via the Union Pacific Railroad, at Green River Station and Rock
Springs Station. Until the route was straightened, the tremendous di-
nosaur site at Como Bluffs, Wyoming, discovered in 1877, was within
sight of the Union Pacific tracks, and passengers would wave to the dig-
gers from their Pullman cars as they passed by.!

As towns, some temporary and some permanent, grew up along the
railroad routes, they very quickly became places where collectors could
equip their expeditions with horses and supplies; there they could hire
extra men and strike off on their own. Eventually more and more fossil
sites would be found, progressively farther from the principal rivers,
wagon roads, and railroads, but for a long time the exigencies of trans-
port and access virtually dictated that some of the “hottest” sites would
be close to the well-traveled routes and consequently visited by multiple
collectors. Given these contingencies of access, it is not surprising that
the pattern of discovery of fossil vertebrates was essentially coincident
with maps of the means by which the country was made accessible: by
water, road, and rail. Tracing out the parallel development of the trans-
portation system and explorations for fossils allows us more completely

to set vertebrate paleontology in its wider cultural context.
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Of all the routes of access to the West, the railroads were the most
important for the new science of American paleontology. They gave
quick transport to the fossil digs; often the railroad companies, particu-
larly the Union Pacific, would give free passage and freight haulage to
the explorers. Without such largesse, Cope would never have managed
to travel the country as extensively as he did. And because the routes
were sometimes blasted through hills and mountains (instead of wind-
ing over and around), they produced valuable new exposures of rocks,
revealing geological structures and fossil beds that had hitherto been
hidden. Hayden, for example, in a letter to Joseph Wilson, commis-
sioner of the General Land Office, wrote: “[I will] push on to Fort
Bridger by way of the overland stage-route and returning along the
Union Pacific Railroad, so as to construct a geological section of the
route, making use of cuts in the road to give me a clearer knowledge of
the different beds. My party consists of nine persons. We have a two-
horse ambulance and a four-mule covered wagon, three tents, and four
riding animals.”?

Perhaps most important, the work of constructing the railroad
routes significantly increased the number of people in situ. This in-
cluded a whole new category of part-time naturalists: railroad men with
expertise in surveying and construction and an interest in the landscape
became geologists and fossil collectors. Exploring in their spare time
many miles on either side of the tracks, these men discovered a number
of fossil localities and made important finds. In describing the Eocene
fish beds of the Green River in Wyoming, for example, Hayden gave
credit to Mr. A. W. Hilliard, who “superintended the excavation along
the line of the railroad [and] preserved from time to time such speci-
mens of value as came his way.” The Como Bluff dinosaur beds were
discovered by a Union Pacific station agent and the section foreman.

A fascinating aspect of the haphazard and opportunistic way that
fossil sites were discovered and exploited is the fact that many sites were
missed at first. The Union Pacific tracks had been driven past Como
Bluffs, Wyoming, for example, almost a decade before dinosaurs were
discovered there. Collectors had traveled past the site dozens of times
en route to visit the Eocene beds of the Fort Bridger region, farther
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west. The country was simply too huge to be explored completely and
more systematically.

The other side of the coin is that although the railroads gave in-
creased access to the West, in 18770 it was a more hostile land than it had
been even twenty years before. In the journal of his trip to the Upper
Missouri with fur company traders in 1850, for example, Thaddeus
Culbertson recorded only amicable interactions with Indians, as he
wrote on April 10: “We discovered at a distance a company of Indi-
ans. . . . [T]wo scouts reached us at full gallop, and we accompanied
them to their encampment. . .. [M]en, women, children, dogs and
horses, all came out to look at us.” On May 1: “On the opposite side of
the river were pitched about two hundred Indian lodges. . . . [A] num-
ber of the Indians swam across the river, cold as it was, and something
had to be cooked for them. . . . [T]hey were all anxious for horses, and
two of them had the traders’ receipt for thirty robes. They, of course,
must be supplied, and soon one of them was capering around us on a
fine bay horse, which he had selected. . . . [T]here appeared to be
much good humour on all sides.” Everywhere he and his companions
went they were treated courteously by the Indians and were never under
physical threat.*

The earlier history of the eastern states came to be repeated in the
West, however, as more and more white men arrived to become settlers
and miners, to claim land, to graze cattle, and to farm, and as the white
men killed huge numbers of buffalo to feed their railroad workers, and
the traditional migratory routes of the buffalo were disrupted. In short,
when the white men became far more of a threat than a resource, con-
flict increased. Complicating matters, in the face of the waves of west-
ern migration, the eastern and midwestern tribes had also been forced
farther west. The result was that Indians were fighting Indians. And all
Indians were resisting the new emigrants from the East.

Only five years after Culbertson’s trip, Hayden wrote to Leidy from
the same country: “We have just heard of the murder of Mr Malcolm
Clark, one of the factors in the fur company, killed by a war party of
Sioux in ascending the Yellowstone. Several murders have already oc-
curred and some hands have threatened to kill any white [men] they
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meet. In two days from this time I start for the ‘Bad Lands’ with a cart 4
horses and 2 men—There is no snow on the ground now and may be
none this month and no danger is apprehended from Indians, whereas
in the months of May and June it would be almost certain death for a
small party, and much trouble for a large one.”>

In the 1760s Ben Franklin and many others had worked to establish
a boundary between the settlers of western Pennsylvania and the Indi-
ans of the Six Nations. As early as 1744 there had been the Lancaster
Indian Treaty. In his retirement years, one of George Washington’s pri-
orities had been to try to find a solution to the problem of coexistence
with the Indian peoples through granting them sole occupancy of large
tracts of what is now the Midwest. Under President Andrew Jackson’s
Indian Removal Act of 1830, all the eastern tribes were “encouraged” to
migrate west of the Mississippi. But an unstoppable flow of whites fol-
lowed them. In 1834, responding to the same problem, now translated
westward, a United States government report nominally established a
zone between the Platte and Red Rivers that marked the “Western
Boundary of Habitable Land.” East of that line settlers would be pro-
tected by the army. But the exercise was essentially nugatory. Once
again, the flow of people and the draw of natural resources created too
strong a force to be resisted. The only solution seemed to be to confine
the tribes to reservations, which meant that, since they lost their lands,
the government had to support them and reacted brutally if they broke
out of their designated areas.

After the Civil War, the situation became so bad that all parties ven-
turing out west for the purposes of surveying and fossil collecting
needed an army escort. And to obtain an escort, one needed an official
connection to the government, or some influence. For paleontologists
this meant that travel was greatly restricted. The army, occupied with
protecting the emigrant roads and settlements, lacked the resources to
supervise every group of fossil collectors who came out eager to ex-
plore, collect, and generally put themselves in harm’s way. So this be-
came another factor constraining the range of sites that collectors could
explore. They had to content themselves with peaceful times or places,

or be satisfied with regions where the army already was in place or was
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prepared to go. Only official United States Government Survey groups
had a broad capacity to command escorts and explore widely.

Of course, no account of travel in the West would be complete with-
out mention also of its desperadoes. Just as the tribulations of Mary
Draper Ingles a hundred years before were due in part to white renegades,
s0, as the frontier moved west, horse thieves, stage and train robbers, cat-
tle rustlers, and all those thugs who thought (usually erroneously) that
thieving was an easier way to make a living than working, and who preyed
on the hard graft and misfortunes of others, went with it.

There 1s little evidence that fossil hunters were ever seriously af-
fected by the criminal element. They tended to travel in the more remote
regions and were usually accompanied by military escorts. They worked
with groups of a dozen or more men, had nothing worth stealing except
possibly their weapons—and they were obviously just a little crazy.
Marsh had a mild encounter with horse thieves in 1870. In 1878, an inci-
dent of attempted train wrecking (possibly involving Frank James,
Jesse’s brother) happened within a mile of Como Station and the famous
dinosaur quarries. The gang removed a rail, but the problem was spotted
before any train came along. One of the ringleaders was later killed while
holding up a stagecoach heading from the Black Hills to Cheyenne. One
was lynched at Carbon City, and another at Miles City, Montana.’

It was into this rapidly changing western world that the fossil
hunters ventured in the 1870s, relying heavily on the experience of
those who had gone before (particularly Hayden), but prepared to ig-

nore anyone (particularly one another) who stood in their way.



SEVENTEEN

The First Yale College Expedition

We started from Fort McPherson [Nebraska] accompanied by a company of cav-
alry; for this was the country of the Sioux. . . . Across an unexplored desert of
sand hills between the river Platte and the Loup Fork . . . the celebrated Major
North, with two Pawnee Indians, undertook to guide us. . .. [T]he Indians,
with movements characteristic of their wary race, crept up each high bluff, and
from behind a bunch of grass peered over the top for signs of hostile
savages. . . . Next in the line of march came the company of cavalry . .. and
with them rode the Yale party, mounted on Indian ponies, and armed with rifle,
revolver, geological hammer, and bowie knife. Six army wagons, loaded with
provisions, forage, tents, and ammunition, and accompanied by a small guard of
soldiers, formed the rear.

CHARLES BETTS, 1871

Before 1868; neither Cope nor Marsh had actually visited any part
of the West. Cope was the more experienced in matters to do with
Kansas, if only for the infamous Elasmosaurus. In his 1871 summary
of collections. from the Cretaceous rocks of Kansas (written in
1870), Cope noted that he would “be glad if his friends in the West”
would forward to him in Philadelphia, “at his expense, specimens of
bones or.teeth which they may find.”* Mudge had written to Marsh
about his discoveries in eastern Kansas, and Professor John Parker sent
Marsh some “saurian remains” from Kansas. Dr. George Sternberg
wrote to him about the Smoky Hills Chalk, having found bones
where everyone else eventually would, along the stage road between
Fort Wallace and Monument Station. He reported to Marsh that the
valleys of the Republican, Solomon, and Saline Rivers, north of the

Smoky Hill River, “are probably equally rich but have never been
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explored. Chalk Bluff Creek, opposite Monument Station is also a rich
locality.”

Mudge had actually met Marsh years before; when Marsh was a
schoolboy and Mudge a young lawyer they had been members of the
same mineralogical club in Massachusetts. Mudge’s early letters to
Marsh from Kansas were somewhat obsequious, perhaps because he
wanted to exchange information and fossils for copies of hard-to-get
scientific literature. “I was much pleased . . . to learn of your present
honorable position. I had seen some of your communications from
Germany. I had also read in the Journ. of Science your article in the July
No. [this was Marsh’s account of an Ohio Indian mound]; I was much
pleased with the detail and accuracy of your description. . . . I send you
my Report on the Geology of Kansas. You will find it small but the ap-
propriation was small. . . . I can send you a collection of fossils made in
this immediate vicinity. They are small but interesting as being on the
borders of the Permian and Coal measures. I have also a few fossils
from the Cretaceous obtained in July. . . . My next excursion will be
further S. and West. Some large portions of our State has never been
visited by a scientific man.”?

In July 1868, Mudge wrote offering to send “a fragment of a bone
of a Mastodon,” and between 1868 and 1870 he sent both photographs
and specimens, including a slab of Pennsylvanian-age bird tracks from
near Junction City. But Marsh was interested in neither footprints nor
mastodons, and it was not until twenty-five years had passed that he
published on them.? Meanwhile Mudge continued to explore westward
into the valleys of the Solomon and Republican Rivers and sent his
“saurian” material to Cope, while encouraging both men to come out

in person.

Marsh moved first. Having seen the harvest of Kansas fossils that was
being shipped to Cope in Philadelphia, he became determined to go
straight to the source himself. He almost missed the opportunity to get
in at the beginning of this “gold rush” of vertebrate fossils, but Cope

hesitated just too long. In fact, Marsh’s first trip west was not to collect
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fossils but to attend one of the annual meetings of the American Associ-
ation for the Advancement of Science, which in 1868 was held in
Chicago. A side trip offered at the August meeting was an excursion
courtesy of the Union Pacific to show off its newly opened tracks,
which then reached all the way to a railhead at Benton, Wyoming (near
Rawlins). One can only assume that the association and the railroad did
not pick Benton deliberately as a destination—they merely promised a
visit to the railhead, which was a constantly moving target. And the trip
west would take them through some glorious mountain scenery. As it
happened, the scientists must have had something of a shock, as Benton
lived up to every caricature of a western frontier town, and then, as
quickly as it had sprung up, became a ghost town.

The place existed for only three months (July to September 1868)
until the railroad moved farther west. At its height it had a population of
some three thousand desperate souls, twenty-five saloons, and five
dance halls, mostly in tents. Apart from the railroad, its principal indus-
tries were alcohol, gambling, and prostitution. In the largest of the
tented saloons the proprietors installed a magnificent mahogany bar, re-
plete with fancy mirrors and the traditional paintings of nudes. It had
come from St. Louis and moved with the railhead, steadily west. In his
novel UPR Trail, the writer Zane Grey (not given to understatement)
wrote of Benton that at night, “every saloon was packed, and every dive
and room filled with a hoarse, violent mob of furious men; furious with
mirth, furious with drink, furious with wildness—insane and lecherous,
spilling gold and blood.” In three months more than a hundred men
were shot to death.

Whether Marsh was titillated by all this, appalled, or simply igno-
rant because the train arrived in the daytime when the denizens of Ben-
ton were either working or hungover, we do not know. He had eagerly
participated in this field trip because he knew that at one of the stops
along the way—Antelope Station, in western Nebraska—supposed fos-
sil human remains had been found. When the excursion train halted
there briefly, Marsh got the conductor to delay long enough for him to
locate the site (an excavation for a well) and then paid the stationmaster

to pick through the spoil heap and assemble some of the fossils for him,
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which he picked up on the return leg. As he had suspected, they were
not human fossils, but just as interesting to him: Pliocene remains of a
pig, a camel, and—most exciting of all—a tiny species of horse, a crea-
ture standing only three feet or so high (something Leidy would dearly
have loved to have had).

In later reminiscences Marsh rehearsed a vision of the western
plains already familiar from Maclure and Hayden: “It was my first visit
to the far West, and all was new and strange. I had a general idea of the
geological features of the country I was to pass through . . . but the ac-
tual reality was far beyond my anticipations when I found myself sur-
rounded [by the Great Plains] reminding me of mid ocean with its long
rolling waves brought sudden torrents. It was in fact the bottom of an
ancient sea, and not the petrified waters, that I then saw, and I was not
long in deciding that its past history and all connected with it would
form a new study in geology, worthy of a student’s best work, even if it
required the labor of a lifetime.”*

One of the new and strange features of the West was the strongly
alkaline Lake Como in southeast Wyoming, which had a population of
curious “fishes with legs.” In a neat invasion of Cope’s intellectual terri-
tory, Marsh brought some of these creatures home. As Marsh no doubt
suspected, these amphibians were suffering a developmental anomaly
due to the chemistry of the lake water. In the more neutral water of the

laboratory they metamorphosed normally into salamanders.

Marsh almost certainly hoped to begin his western bone hunting with
an expedition in 1869, but was prevented by news of Indian unrest.
This delay happened to work to his advantage, as a number of new lo-
calities came to light in the interval. Principal among these were the
hugely productive Eocene deposits of the Bridger Formation in south-
ern Wyoming, which he learned of from Leidy’s 1869 paper on the first
fossil mammals from Fort Bridger. The following year Marsh put to-
gether a group of students to accompany him on a field trip. It might
seem odd that the group consisted only of students; evidently Marsh
was a lonely and isolated man with few close friends and colleagues. So
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he took twelve students. George Bird Grinnell, one of these partici-

pants, later wrote:

Soon after I heard the rumor of the proposed western trip I took
my courage in both hands and called on Marsh. . . . Within two
or three weeks I saw him once more, was accepted as one of his
party and only then discovered that as yet there was no party—
except myself. In fact, he at once began to discuss with me the
possibility of securing other undergraduates for his trip. . . .
None of us knew or cared anything about the objects for which
it was being undertaken. Vertebrate fossils meant nothing to us,
but we all longed to get out into the uninhabited and then un-
known, West, to shoot buffalo and to fight Indians.

Marsh was possessed of considerable means and had a
wide acquaintance. He had interested General P. H. Sheridan
in his project and from him obtained orders directed to military
posts in the West to provide the party with transportation and
escorts. . . . [S]ome well-to-do businessmen had contributed
funds to defray the expenses. ... Some of these, being rail-
road men, had given Marsh either free transportation for his

party or at least rates lower than those usually in force.>

Marsh being Marsh, this expedition was no brief excursion. It
lasted for six months, during which the party traveled from coast to
coast. It would be the first of four such trips, in consecutive years, in
preparation for which each student was advised to buy and study a copy
of The Prairie Traveller, a handbook prepared by the War Department
as a guide for anyone making the transcontinental overland migration.’
It contained detailed instructions on a variety of useful topics, ranging
from lists of necessary clothing and “camp equipage” to the correct
way to harness a mule team and to build cook fires, and hints for parlay-
ing with Indians (including a useful lexicon of terms in various Indian
languages). It advised every traveler to go armed with Bowie knife, a ri-
fle (at first the Henry .44-caliber was favored; the Sharp’s .50-caliber
carbine was the weapon of choice in Marsh’s time), and a revolver
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(Colt, and later Smith and Wesson .36-caliber). Several of the students
who took part in Marsh’s four Yale expeditions later wrote up their ad-
ventures for the press.

One of these, by Charles Betts, was an account of the 1870 trip
published in Harper’s New Monthly Magazine, and it begins with a very

familiar set of images:

The peaks of the Rocky Mountains once projected as islands
from a vast inland sea whose waves swept from the Gulf of
Mexico to the polar ocean. In this era of the world, a tropical
climate extended far beyond the arctic circle, and the tepid wa-
ters swarmed with sea-serpents and other reptilian monsters.
At the close of this period, known to geologists as the creta-
ceous, a slow upheaval drained this ocean from the continent,
and left behind great lakes, whose shores and waters teemed
again, in tertiary times, with new forms of tropical life. Rhinoc-
eros, crocodiles, and huge tortoises backed upon the banks or
lay beneath the shade of gigantic palms; and as the ages rolled
away prolific nature brought upon the scene the mammoth,
mastodon, and horse. During the tertiary period mud and sand
accumulated in the lakes to a depth of many hundred feet and
entombed the bones of all these animals. Then came a time
when all was dry, and torrents from the mountains wore
through the deep accumulations. . . . To the region of these
eroded basins Professor O. C. Marsh, of Yale College, had

long contemplated a geological expedition.”

The plan was to use the railroads to leapfrog from one major col-
lecting area to another, picking up army escorts at each stop. As a result,
during that one expedition, the party covered more ground and col-
lected more fossil bones than all previous explorers put together had ac-
complished in the previous twenty-five years. The Union Pacific
Railroad, as usual eager to promote itself, first gave the group free trans-
port west to North Platte, Nebraska, from where they went overland to

nearby Fort McPherson to collect an army escort, horses, mules, and
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wagons. Judging from accounts of the trip, the men of the fort were
none too pleased to be baby-sitting a group of eastern kids, but the se-
nior officers were soon impressed by Marsh himself, then a fit young
man (if already a little portly) and a keen outdoorsman but not, it turned
out, much of a horseman.

The mitial outing in the field was a two-week circuit north from
Fort McPherson to the Loup Fork River, and the first sign of the adven-
ture that the students sought came with news that a party of antelope
hunters had just been attacked by Indians. William F. Cody—later bet-
ter known as Buffalo Bill—who was working as a guide at Fort McPher-
son, “brought in the moccasins and some trinkets from an Indian boy
who had been killed in the skirmish, at which the newcomers from New
Haven stared in wonder,” in Grinnell’s account.® Undaunted, the stu-
dents, none of whom had yet fired a gun in anger or (some of them)
even mounted a horse, set off north on captured Indian ponies into the
Sand Hill country explored a decade earlier by Hayden and Meek.?

“Just before dark, water was found and we camped for our first night
out of doors,” Grinnell later wrote. “That night at the camp fire Professor
Marsh talked to us and to an audience of soldiers about the geological

changes that had taken place here in past ages and about the discoveries
of unknown animals that we hoped to make. Buffalo Bill, who had ridden
out with us for the first day’s march, was an interested auditor.”

After grueling, often waterless marches, following creek beds and
the occasional Indian path, the party collected along the Loup Fork
River, finding Upper Pliocene fossil rhinoceros material and some six
different species of fossil horses. They wanted to go farther north to the
Niobrara River, but news of fresh Indian troubles stopped them. Ac-
cording to Grinnell, “The Sioux and Cheyenne occupied the country
of western Nebraska and to the north and northwest, and they objected
strongly to the passage of people through their territory, and when they
could do so—that is, when they believed they had the advantage—
attacked such parties.” So the Yale men circled around southwestward
back to Fort McPherson, using an old portion of the Oregon Trail to
travel east along the North Fork of the Platte River and marveling that

the wagon tracks were still visible.



184 GIANT SAURIANS AND HORNED MAMMALS

Both Marsh and his students had to learn not only how to get
around and survive in the wilderness but also to find the fossils. Unlike
the East, where fossils turned up in excavations like marl pits, ditches
being dug, roads, and the banks of streams, in the West nature had
done the initial work. Collecting meant that the group (watched over
carefully by the soldiers) would divide up, each man prospecting over a
segment of territory, scrutinizing the surface, and in washes, gullies,
and canyons, for signs of bone. Often that meant spotting a mere trace
of bone at the bottom of a bank and digging down to where the main
body lay. Thousands of years worth of erosion had exposed fossils at
the surface, and in those early stages of searching it was not necessary
to make excavations and quarries to get a good haul of material. Often a
knife was all that was neccesary to get the bone out of the ground. But
everything depended on the prospector getting a practiced eye for dis-
tinguishing bone from the shades of brown in the sand and rock. It was
hard, boring work and not at all what the students had expected. But
there were enough fossils in the ground to encourage even the most un-

enthusiastic spirits. In Charlie Betts’s memorable account:

The soldiers not only relieved us from all fear of surprise, but
soon became interested and successful assistants; but the su-
perstition of the Pawnee [guides] deterred them for a time
from scientific pursuits; for the Indians believe that the petri-
fied bones of their country are the remains of an extinct race of
giants. They refused to collect until the professor, picking up
the fossil jaw of a horse, showed how it corresponded with
their own horses’ mouths. From that time they rarely returned
to camp without bringing fossils for the “Bone medicine
Man.” . .. Our researches resulted in the discovery of the re-
mains of various species of the camel, horse, mastodon, and

many other mammals, some of which were new to science."

Moving on by rail to Fort D. A. Russell, near Cheyenne, Wyoming,
the men discovered a new set of exposures of Oligocene badlands be-
tween the North and South Platte Rivers, collecting turtles, bird and
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rodent material, and many specimens of Leidy’s Oreodon and Titano-
thertum (formerly Prout’s Palacotherium), together with the signature
snail for the Bad Lands strata, Helix leidyana. Marsh now had his own
“mauvaises terres” locality to match Leidy’s, triumphantly sending a re-
port back to the American Fournal of Science: “This interesting series of
fresh-water Tertiary strata lies almost horizontal, dipping apparently,
but very slightly, toward the north-east. It probably forms the southwest
border of the great Miocene lake-basin, east of the Rocky Mountains,
which is so remarkable for its extinct animal remains.”

At Antelope Springs the group did some serious digging and col-
lected more of the fossil horse material that Marsh had seen at the rail-
road station two years before. Then, in September, they were off
again—west, overland and this time across very rough terrain to north-
ern Utah and to Fort Bridger in southwest Wyoming. Here they found
the remains of what appeared to be a huge extinct mammal that seemed
to be an elephant relative with horns on its skull. “South of the Fort
were great washed deposits of greenish sand and clay of Eocene age,
and here we found great numbers of the extraordinary sixhorned beasts
later described by Marsh as Dinocerata,” Grinnell wrote. “It was from
this locality too that came Eohippus, the earliest horselike animal.”™
Along the valley of the Green River they collected from “an Eocene de-
posit” where “petrified fishes abounded; and we found a small bed con-
taining fossil insects.”

Up to this point there was not much chance of Marsh trespassing
on anyone else’s territory. For as long as paleontologists and other natu-
ralists have been exploring new lands and recording their finds, they
have generally followed an informal but firmly observed protocol of
honoring the territorial rights of colleagues who came first. When
someone works in a particular area, that area is their turf until they re-
linquish it—usually to a student or other protégé, very rarely by simply
walking away. Respecting the ownership of a site or an area is crucial to
maintaining any kind of civility or order in the profession.

The situation was somewhat complicated by the fact that Hayden
was a government employee and the information he produced was pub-
lic property, but—at least until Marsh’s party reached the Green River



186 GIANT SAURIANS AND HORNED MAMMALS

area—a gentleman’s agreement had generally held. Marsh had cooper-
ated with Mudge in Kansas; the Loup Fork beds had been discovered
by Hayden but were not being actively worked; Marsh had obtained
Antelope Station ma