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Paleontology
By P. David Polly and Rebecca L. Spang

Introduction
Coined in the 1820s, the word ‘paleontology’ is composed of three
Greek components: paleo (meaning ‘ancient’), onto (meaning ‘being’ or
‘existence’), and logy (meaning ‘study’). Yet ‘the study of ancient
existence’ only poorly defines the science of paleontology, for the
discipline has never included ancient civilizations (such as those of
Mesopotamia) and often defers any consideration of human evolution to
anthropologists. But, in the 1820s and 1830s, those distinctions were not
made. Educated individuals might well have considered paleontology to
be intimately linked with another burgeoning field, that of paleography
(the study of old or ancient writing). With Jean-Francois Champollion’s
(1790-1832) deciphering of the Rosetta Stone in 1821, and William
Conybeare’s (1787-1857) reconstruction of the plesiosaur in 1824, the
pre-Roman world was beginning to spring to life. Today we know that
65 million years passed between the extinction of those giant marine
reptiles and the building of the Pyramids, but the immensity of the
geological time scale was then only dimly imagined. Georges Cuvier
(1769-1832), often called the founder of paleontology (though he never
used that word), described his findings as those of a ‘new sort of
antiquary’: one who collected bones and fossils rather than mosaics and
coins. Paleontology first flowered because Cuvier had convinced his
fellow naturalists that entire species really had become extinct. Once
exploration and empire carried European science to the corners of the
Earth, the learned no longer imagined that plesiosaurs and giant sloths
inhabited terra incognita, but recognized that they had completely died
out—ancient and modern existence had parted company and
paleontology was born.
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Extinction

FIGURE 1: Conrad Gesner’s 1565 illustration of a fossil and the
living crab he thought resembled it. At the time a ‘fossil’ was any
natural object that came out of the Earth (the word was synonymous
with ‘mineral’, any object that came out of a mine). The conception
that fossils represented extinct organisms was not widely accepted
until the early 1800s. (Reproduced in M. J. S. Rudwick (1972), The
Meaning of Fossils, Macdonald and Company, Ltd: London.)

Before the early nineteenth century, there were no disciplines of
paleontology, geology or biology. Instead, there was natural history, a
broad inquiry into the objects and phenomena of nature. Some of those
objects were ‘fossils’, not in the sense in which the word is used today,
but in a broader sense of ‘things dug out of the ground’. Fossils were the
gems, minerals, rocks, and petrified remains that fifteenth- and sixteenthcentury miners regularly brought to the surface. Some, such as gold,
were highly valued. Others, such as mercury, had strange properties.
And still others, such as ammonites (coiled aquatic mollusks that are
distantly related to the living chambered nautilus), curiously resembled
living beings. It is only the latter category that we now consider to be
fossils, but in the sixteenth century all of these objects were closely
associated. As more fossils were discovered, and as more Renaissance
scholars tried to explain them, many types of object were placed in
categories of their own: metals, gems, minerals, and stones. The leftover
‘fossils’ were exactly what one now would imagine—objects from the
earth that were recognizable as parts of animals and plants—and their
association with living organisms was stronger. For example, the
Florentine anatomist Niels Stensen (1638-86), better known as Nicholas
Steno, demonstrated that fossil ‘tongue stones’ were, without a doubt,
sharks’ teeth. However, a century later, Carl Linnaeus (1707-78) still
classified fossils as ‘mineral’ rather than ‘vegetable’ or ‘animal’.

2

Competing theories explained how these objects had come to be
encased in stone, theories that ranged from the Noah’s flood to spore-like
‘seeds’ of animals and plants that had fallen into crevices and grown in
the Earth. Seventeenth-century naturalists thought it was plausible that
fossils were the petrified remains of once-living creatures, but they were
puzzled by the fact that some of those creatures were not known among
the living. Common fossils, such as the coiled ammonites, did not
correspond to any known animal. Many Europeans thought it
implausible that species had completely disappeared because Christian
doctrine taught that God had created animals and plants. If God had
designed them, why would they not have survived? The most logical
conclusions were that fossils did not represent living remains, or that the
creatures they represented were still living, but remained undiscovered.
John Ray (1627-1705), famous for his classification of animals, preferred
the latter explanation, while Carl Linnaeus preferred the former. As late
as 1803, it remained credible that substantial floras and faunas were
unknown to science.
When Thomas Jefferson organized the exploration of America’s
new Louisiana Territory, he asked Meriwether Lewis (1774–1809) and
William Clark (1770–1838) to collect evidence of any living animals
thought to be rare or extinct, including the giant elephant that had
recently been exhumed at Big Bone Lick in Kentucky. A large skeleton
had been found there in 1739, and it was an exciting and controversial
animal. Georges Buffon (1707-78) said that it was an elephant, but with
teeth like a hippopotamus. Controversy ensued. In 1796, Georges
Cuvier (1769-1832) presented a painstakingly detailed comparison of
living and fossil elephants, emphatically concluding that the Big Bone
Lick mastodon was extinct, as were many other fossil elephants. By
1814, he was convinced that periodic ‘revolutions’, or catastrophes, had
ruined vast ancient worlds, wiping their inhabitants from the face of the
Earth. Cuvier splendidly reanimated several different faunas, unearthed
from the succession of rocks in the Paris Basin. Scientific opinion
yielded to Cuvier’s arguments as the Louisiana Territory and other
remote areas failed to produce living mastodons or other fossilized
species. In some cases, fossil species were eventually found among the
living. In the mid-nineteenth century, crinoids—stalked sea-lilies
commonly found as fossils—were discovered living in deep waters,
while the coelacanth, the famous ‘living fossil’ fish, was dredged from
the depths in 1938. But those cases were rare, and the idea of extinction
caught hold. The natural world was sufficiently well understood that it
became clear that Cuvier’s fossil menagerie belonged to the past.
Cuvier’s colleague Henri Marie Ducrotay de Blainville (1777-1850)
coined the word ‘paléontologie’ in the 1820s, not for the study of fossils
per se, but specifically for the study of extinct life.
If extinction was an uncommon idea before Cuvier, it became very
fashionable after him. Alcide d’Orbigny (1802-57), who occupied the
first chair in paleontology at the Muséum d’Histoire Naturelle (Paris
Museum), elaborated on Cuvier’s revolutions, describing no fewer than
twenty-seven creations (which he termed ‘stages’). Each stage of Earth
history had been wiped out by violent upheavals that destroyed
contemporary species. Inspired by the flood-like nature of Cuvier’s last
revolution, Oxford’s William Buckland (1784-1856) preached that the
Earth’s most recent catastrophe had been Noah’s deluge. Following
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Cuvier, Buckland showed that the bones found in a Yorkshire cave
belonged to extinct species and that hyenas (no longer found outside
Africa) had gnawed them. Only a flood could have swept away the
hyenas but left the cave intact, he said. Even those opposed to Cuvier
embraced extinction. Englishman Charles Lyell (1797-1875), a stringent
opponent of Buckland, developed an encompassing system of geology
(including paleontology) that explained Earth history in terms of gradual
change by processes that can be observed today (this theory became
known as uniformitarianism). Like the building of mountains or the
cutting of valleys, extinction happened by degree. As part of his strategy,
Lyell replaced the geological name Tertiary (which had catastrophic
overtones from Cuvier) with three new ages: Pliocene, Miocene, and
Eocene. Significantly, these ages were defined by the percentage of
extinct species, implying continuous loss rather than catastrophic
destruction, and, even more significantly, the rocks Lyell used to
illustrate these new ages were in Cuvier’s Paris Basin.
Other scientists had their own explanations of extinction. Charles
Darwin (1809-82), who developed the theory of gradual evolution though
natural selection, later compared extinction to sickness and death.
Darwin considered decrepitude and extinction to be a gradual but
inevitable process. Many paleontologists suggested that species have
fixed amounts of ‘vital energy’, which, when exhausted, results in
extinction. Alpheus Hyatt (1838-1902) incorporated the same idea into
his ‘racial senescence’; and Otto Schindewolf (1896-1971) used it in his
twentieth-century ‘typostrophism’, while Edward Drinker Cope (184097) asserted that evolutionary specialization caused extinction, as did
Edouard Trouessart (1842-1947). This idea was later encapsulated in
orthogenesis, the idea that evolution undeviatingly followed particular
trends regardless of whether changes were beneficial or not. For
example, some thought that overly complicated shell designs had almost
literally choked some mollusk groups to death, and others claimed that
the horns of the Irish elk, an extinct animal with extraordinarily huge
horns, had grown too big to be viable. William Whewell (1794-1866)
attributed extinction to external causes, citing the recent demise of the
dodo, the odd-looking bird from the island of Mauritius whose extinction
had been caused by the hunting of European sailors, as an example.
In the early nineteenth century, it was not clear that the Earth was
particularly ancient, nor was it apparent that humans had not existed
throughout its history. John Fleming (1785-1857) (a British
paleontologist who was a contemporary of Lyell) claimed that extinctions
occurred piecemeal, each species successively eradicated by primitive
humans. The Irish elk, whose exhumed antlers graced stately homes like
hunting trophies, had last lived some time after Buckland’s supposed
floodwater deposits. Even Lyell himself, whose gradualism implied that
the Earth was almost infinitely old, believed for a time that people had
existed throughout its history. The origin of species, especially humans,
would only later become as controversial a topic as their extinction.
Typically, twentieth-century paleontologists have ascribed
extinction to any number of causes, each specific to the group that
disappeared. William Diller Matthew (1871-1930), for example, said
that extinction was a consequence of Darwinian survival of the fittest.
The Evolutionary Synthesis theory implied that extinction occurs when
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Pleistocene: The recent geological
time period commonly known as
the ‘Ice Ages’, which began almost
two million years ago and ended
with the retreat of the last
worldwide glaciation about ten
thousand years ago.

environmental change happens too quickly for a species to adapt. George
Gaylord Simpson (1902-84), vertebrate paleontologist and author of the
seminal Tempo and Mode in Evolution (one of the classics of the
Synthesis), said that rapid evolutionary transitions usually caused
extinction. The nineteenth-century hunting theme was resurrected as
conservation became an important twentieth century issue, even though a
British Museum exhibit in 1932 taught that agriculture was a more likely
cause of extinction than the hunt. While it was clear that humans had not
coexisted with the majority of extinct species, they certainly had with
those in the Pleistocene ice ages. The ‘overkill hypothesis’ from the
1960s and 1970s states that hunting by prehistoric Americans accounted
for the extinction of mammoths, mastodons, and many other large
mammals. Catastrophes also came back into vogue in the 1970s when
physicist Luis Alvarez proposed that a giant asteroid had struck the Earth
at the end of the Cretaceous, killing off the last of the dinosaurs.

Cretaceous: The last of the three
geological time periods making up
the Mesozoic, commonly known as
the ‘Age of Dinosaurs’. The period
lasted from 140 million years ago
to 65.5 million years ago, when the
last terrestrial dinosaurs became
extinct.

FIGURE 2: Waterhouse Hawkins’ plans for a ‘Paleozoic
Museum’ in New York’s Central Park. Had it been built, there
would have been a life-size garden diorama filled with
reconstructions of extinct American species, including
Hadrosaurus and mastodons. (Reproduced in: Board of
Commissioners of the Central Park, 1868. Twelfth Annual
Report, New York.3 and in A. Desmond, The Hot Blooded
Dinosaurs).

Extinction, paleontology’s oldest theme, has also been its most
popular. Honoré de Balzac, the French novelist (1799-1850), wrote this
about Cuvier:
Is not Cuvier the great poet of our era? Byron has given admirable
expression to certain moral conflicts, but our immortal naturalist has
reconstructed past worlds from a few bleached bones; has rebuilt cities,
like Cadmus, with monster’s teeth; has animated forests with all the
secrets of zoology gleaned from a piece of coal; has discovered a giant
population from the footprints of a mammoth. These forms stand erect,
grow large, and fill regions commensurate with their giant size. He
treats figures like a poet: a naught set beside a seven by him produces
awe. –Honoré de Balzac, The Wild Ass’s Skin, 1831.
Queen Victoria herself unveiled Benjamin Waterhouse Hawkins’
(1807-1889) mausoleum to the memory of ruined worlds to 40,000
admiring spectators in 1854. The garden diorama featuring Richard
Owen’s (1804-1892) magnificent ‘pachydermal’ dinosaurs was topical
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enough to be a prominent part of the great Crystal Palace exhibition. A
smaller 1868 mount of the dinosaur Hadrosaurus foulkii in Philadelphia,
also engineered by Hawkins, was an immediate sensation. Princeton,
Chicago, and the Smithsonian begged for copies, one of which was
featured at the 1876 Centennial Exhibition. An even grander Paleozoic
Museum was to be built in New York’s Central Park (but was destroyed
by political intrigue before it opened). Like the Crystal Palace garden,
the Paleozoic park was to feature a variety of extinct mammals
(American species this time) in a sumptuous natural setting reconstructed
by Hawkins. Since the 1890s, towering dinosaur skeletons in terrifying
life-like poses have filled the world’s museums. Casts of the giant
sauropod Diplodocus carnegiei grace museums from Moscow to Buenos
Aires thanks to the generosity and narcissism of it’s the creature’s
namesake, Andrew Carnegie (1835-1919). In the 1930s, Sinclair Oil
Company (whose logo was Carnegie’s famous Diplodocus) backed
American Museum dinosaur expeditions in return for getting Barnum
Brown (1873-1963, the museum’s most famous dinosaur collector) to
write booklets to help them sell their gasoline. Beginning in the 1930s,
several national parks were designated on the basis of their extinct fauna
and flora, including Petrified Forest, Fossil Cycad National Monument,
Fossil Butte, and the Ice Age National Scientific Reserve. Several early
stop-motion films by Willis O’Brien (who later animated King Kong)
featured extinct worlds, including his 1917 short The Dinosaur and the
Missing Link. Jurassic Park, one of the all-time greatest box-office
draws, resurrected dinosaurs via genetic engineering gone awry. From
the nineteenth century’s ‘Heat death of the Universe’ (the idea that heat
would slowly be lost by the Sun and Earth so that eventually they would
freeze like the moon and life would end) to the twentieth century’s global
warming, the fear of extinction has also captivated the public
imagination.

Evolution
In addition to explaining the nature of fossils, Cuvier saw extinction
as an alternative to transmutation. Evolutionary species change was a
popular idea among Enlightenment writers, who saw it as a way to
explain life in mechanistic terms (that is, without reference to divine
intervention). Jean-Baptiste Lamarck (1744-1829), a contemporary of
Cuvier, lectured in the first decades of the nineteenth century that fossil
species were not extinct, but had transmuted into new forms. Lamarck
thought that species progressed from simple microscopic organisms to
complex vertebrates and that the fossil record was not composed of
extinct animals but represented the various stages that life had passed
through on its way to the present. As late as the early twentieth century,
some paleontologists still insisted that extinction was an illusion and that
all lineages still persist, transformed, today. By the 1820s, Etienne
Geoffroy Saint-Hillaire (1772-1844) had extended the idea of
transmutation to anatomy, arguing that all animals share the same basic
structure (Cuvier vehemently disagreed, arguing that an animal had only
the parts it needed to live its life and that many anatomical parts of
individual species had no analogues in other species). Geoffroy’s
‘idealist anatomy’ became popular primarily among medical students,
notably British radicals who had come to Paris to escape the strictures of
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the medical establishment at home (which was dominated by the
aristocratic religious dons of Oxford). These radicals took the French
evolutionary ideas back to their medical student communities,
particularly in Edinburgh and London, where the rhetoric of evolutionary
progress became associated with the upward struggle of the underclasses.
Revolutionary sentiment was high in Britain in the first half of the
nineteenth century, particularly between the French Revolution in the
1790s and the British Chartist riots in the 1830s. Many people associated
evolution with revolution. Cuvier’s extinction episodes were partly
designed to dispel these notions by showing that the fossil record did not
represent progressive change. Some interpreted them as a warning
against radicalism, since the extinction episodes represented a series of
catastrophic revolutions in which most species were destroyed. Against
this background of reform and revolution, it is no surprise that the
Oxford-based Buckland ascribed his ‘Diluvian’ sediments to the last of
Cuvier’s catastrophes, nor even that the gradualist Lyell adamantly
maintained that the increasing complexity of animals and plants from
older to younger strata in the paleontological record was an artifact of
chance preservation.
Industrial and imperial expansion brought increasing numbers of
fossils into the scientific limelight throughout the nineteenth century.
The British canal builder William Smith (1769-1839), the engineer who
drew the first geological maps to show the geographic extension of rocks
and their fossils, recovered paleontological remains from the thousands
of miles of canals he helped excavate. Medical naturalists aboard naval
survey ships (the British military required five months of natural history
training of its doctors) sent back crates of fossils from around the globe
(Darwin’s Beagle voyage is, in retrospect, the most famous of these
voyages, but it was by no means unique). And miners offloaded lagheaps of remains from burgeoning slate, phosphate, clay, and coal
quarries. As this new material came under the study of paleontologists in
the medical colleges, museums, and stately homes, the scientists vied
with one another to ensure its compatibility with their own worldview.
Progress and degeneration, discontinuity and association, extinction and
transformation, space and (above all) time were the components of
paleontological debate in the nineteenth century.

Progress in paleontology
Robert Grant (1793-1874), a medical anatomist at radical London
University, was a disciple of Lamarck, Geoffroy, and Blainville, whom
he visited regularly in Paris. Grant advocated homology (Geoffroy’s idea
of similar parts in different organisms), anatomical continuity, and
ecologically controlled gradual transformation. In his summer course on
fossil zoology for medical students, Grant taught that the Earth’s
successive faunas had been continuously transformed through changes in
climate. Accordingly, he divided geological time into the Protozoic
(early life), Mesozoic (middle life), and Cainozoic (new life) periods.
Richard Owen, also a medical man, was a sharp contrast to Grant.
Revolted by the radicalism of Edinburgh, Owen moved to St.
Bartholomew’s Hospital in London to finish his medical training under
John Abernethy (1764-1831), the president of the conservative Royal
College of Surgeons. Owen flourished in this medical environment as
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curator of the College’s Hunterian Collections, where he even played
host to the visiting Cuvier. Like Grant, Owen was fascinated by
Geoffroy’s idealist anatomy but, unlike Grant, he saw God’s plan in the
common design of animals. He made it his life’s work to reconcile
Geoffroy’s ideas with Cuvier’s functional anatomy and geological
revolutions. For Owen, life’s history seemed to be orchestrated by divine
guidance and was not at all to be associated with progress, revolution, or
reform. Owen saw humans occupying the top of the biological pinnacle,
but denied that progress was a natural law, since that would imply yet
greater heights in the future.
In reaction to Grant’s progressivism, Owen unveiled a new class of
vertebrate, the Dinosauria, in 1841. The animals themselves
(Megalosaurus, Iguanodon, and Hylaeosaurus) had been discovered as
many as twenty years earlier, but had been conceived of only as gigantic
lizards. Owen reconstructed dinosaurs with mammal-like postures so
that they would appear to be the most advanced reptiles that had ever
lived. Rather than walking with a lizard’s sprawling gait, dinosaurs stood
erect (in fact, Owen’s reconstructions of Megalosaurus and Iguanodon
look remarkably like rhinoceroses). Owen even speculated that dinosaurs
might have been warm-blooded. If reptiles had reached their greatest
development with the Dinosauria in the Mesozoic, then the later
Cenozoic history of reptiles had been one of degeneration rather than
progress. Life’s history, by extension, was not a relentless drive by the
lowly up through the ranks, but a well-choreographed play in which
characters came and went following a divine script, and with humans
(particularly Europeans) at center stage for the grand climax. Owen was
later knighted by Queen Victoria and awarded a spacious residence in
prestigious Hyde Park; Grant died a pauper. Following Owen,
degeneration became an important nineteenth-century explanation for
extinction. Scholars such as the American neo-Lamarckian Alpheus
Hyatt incorporated it into a ‘life-cycle’ model of evolution, in which
species originated (or were ‘born’), they diversified (or ‘grew up’),
reached their peak (their ‘maturity’), then declined and became extinct
(their ‘death’).
Owen was certainly not the only one to use biological classification
to further a scientific agenda. Hugh Miller (1802-1856), a Scottish
Protestant paleontologist, used his Devonian fish from the Scottish Old
Red Sandstone against progressivism. These ‘ostracoderms’ (the earliest
fish, indeed the earliest vertebrates then known from the fossil record)
were heavily armored with solid skulls much like land vertebrates.
Miller portrayed them as the most advanced fish, their successors having
degenerated into the forms we know today. In support of a progressive
notion of evolution, Thomas Henry Huxley (1825-95) concocted
Prototheria, Metatheria, and Eutheria as stages of mammalian evolution.
These stages emphasized continuity from lower ‘grades’ (stages of
evolution) of mammal to higher ones so as to counteract Owen’s attempt
to classify humans apart from other mammals. Huxley (something of a
radical) hated Owen, and intended to thwart him at every turn. Huxley
even launched a hostile takeover of Owen’s Dinosauria, de-emphasizing
their similarity to mammals and repositioning them as an evolutionary
intermediate between early reptiles and birds. Early twentieth-century
evolutionary paleontologists modified Huxley’s evolutionary grades,
using the idea to show that groups acquired important specializations that
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took them into a new ‘adaptive’ stage of evolution. In the late twentieth
century, cladists (systematists who advocated a numerical approach to
phylogeny reconstruction and who demanded that classification reflect
only evolutionary branching) dismantled those taxonomic groups,
arguing that evolution was not adaptive and that grades should not be
used in classification. Instead, cladists argued that groups should be
organized by smaller and smaller subdivisions that emphasized the
splitting aspect of evolution rather than change over time.

Evolutionary theories
If paleontological debate on transformation during the 1830s–1850s
was mainly about progress and anatomical continuity, it metamorphosed
completely into explicit conflict about evolution following the
publication of Darwin’s Origin of Species in 1859. Owen (who was
vague about his opinion on evolution, but was adamantly against natural
selection and ‘survival of the fittest’) prepared his counterargument in
advance by reclassifying mammals. He removed humans from their
familiar place in the Primates, reclassifying them in Archencephala, the
‘highest brained’, and divorcing them not only from apes (the obvious
candidates for ancestors of humans), but from all other mammals as well.
Later he emphasized the unchanging nature of species in the fossil
record, pointing out that the last ichthyosaurus was scarcely different
from the first. Adam Sedgwick (1785-1873), paleontology professor at
Cambridge, likewise attacked Darwin with fossil brachiopod species that
did not change at all throughout their long sojourn in Paleozoic strata.
Sedgwick also reminded Darwin that Hugh Miller’s ancient fish (which
he claimed were both the highest and the oldest) flatly contradicted
progressive evolution. Louis Agassiz (1807-73), a Swiss-born
paleontologist at Harvard University, offered similar scathing criticisms
of evolution. Other paleontologists, however, were just as convinced that
the fossil record was in accord with evolution. Karl Zittel (1839-1904),
one of the leading paleontologists in Germany, accepted that some fossil
species were ‘persistent’, as Sedgwick and Agassiz insisted, but retorted
that others evolved quite rapidly. Wilhelm Waagen (1841-1900) in
Munich maintained that ammonites definitely evolved, although he
argued that change was driven from within the organism and not caused
by environmental factors as Darwin had suggested. Joseph Leidy (182391), a Philadelphia anatomist who had been studying the extinct faunas of
North America for more than a decade, said that the Origin explained
everything that had been puzzling him in his researches. Leidy’s
successors in the American West, Cope and Othniel Charles Marsh
(1831-1899), described thousands of new fossil species, tracing through
them the structural and temporal changes produced by evolution. Huxley
and Owen had another showdown over Archaeopteryx, the Mesozoic bird
from the Solnhofen deposits in Germany, Owen using it as another
example of permanence of type and Huxley emphasizing its intermediate
evolutionary position between dinosaurs and birds.
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FIGURE 3: The transitional fossil bird Archaeopteryx, which
possessed many reptilian features but was feathered like a bird.
Described by Owen, Huxley hijacked it into service as a transitional
form between dinosaurs and birds. (Reproduced in W. T. Stern, The
Natural History Museum at South Kensington)

Sedgwick attacked Darwin not only with paleontological facts, but
also with the accusation that Darwin’s logic was not inductive. Natural
selection, Sedgwick claimed, was not an unquestionable conclusion
drawn from the patient accumulation of facts. (Inductive knowledge is
based on repeated observation, and is often distinguished from deductive
knowledge, which begins with general principles and deduces
conclusions from them.) The inductive ideal had been cultivated in
geology by Lyell and his anti-catastrophists, who portrayed Buckland and
Cuvier as wild mythmakers, unfamiliar with the facts borne in the rocks.
Observation and description were primary, they said; interpretation and
explanation came later, if at all. Some paleontologists completely
avoided entering the debate on evolution, rebuking those who did.
Phylogenetic trees: Diagrams
showing relationships among different
groups of organisms, similar to
genealogical trees. These
relationships have been reconstructed
using a variety of different techniques,
mostly drawing on comparisons of
anatomical structure (or more recently
molecular structure) and dates from
the fossil record.

At the end of the nineteenth century, amid controversy over illfounded phylogenetic trees and evolutionary theories, many
paleontologists again asserted that their field was best grounded in
description. Several geneticists, such as Thomas H. Morgan (1866-1945)
and Theodosius Dobzhansky (1900-1975), capitalized on that attitude,
which helped them to sideline paleontology as an evolutionary discipline.
Many paleontologists were happy to remain on the inductivist margins.
David M. S. Watson (1886-1973), Professor at the University of London,
stated that the paleontologist differed from the geneticist in that the
former could only observe the facts of succession, not the evolutionary
process itself. Simpson, on the other hand, bemoaned this attitude in the
introduction to his Tempo and Mode in Evolution, warning the reader that
he would not be parading out the standard fare of dry description. In
1975, the journal Paleobiology was founded as a move away from
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monographic description, which was ascribed by the journal’s founders
particularly to invertebrate paleontology. With opposite motives,
cladistic paleontologists such as Colin Patterson (1933-1998) asserted
that nothing about evolution, including phylogeny, could be known until
the pattern of trait distributions in all organisms had been described.
Only then could the question be asked whether evolution was the best
explanation for that pattern. Patterson also argued that paleontology,
with its inherently fragmentary specimens, would be able to contribute
very little to the study of evolution and phylogeny in the face of the
overwhelming data from molecular biology.
Despite what Huxley called the deplorable stream of cold water that
was poured over ‘speculative’ thought, many paleontologists were
comfortable with the study of evolution. Vladimir Kovalevskii (184283), an idealistic young Russian who took up paleontology because he
thought Darwinism would better the world, applied the natural-selection
model to the evolution of the horse, the nineteenth century’s most
familiar animal. Kovalevskii traced the equine pedigree from Cuvier’s
Anchitherium through the three-toed Hipparion to the single-toed modern
horse, explaining the structural changes as Darwinian adaptations to a
world transformed from marshy forests to dry plains. Huxley and Marsh
adapted Kovalevskii’s story. Marsh substituted Eohippus for
Anchitherium, added a host of other intermediates from the fossil fields
of the American West, and passed the lineage on to Huxley, who used the
horse repeatedly as an example of evolution demonstrated by
paleontology.
Huxley, Marsh, and Kovalevskii were among the few
paleontologists who counted themselves as Darwinians. Many others,
particularly in America, were avid evolutionists, but adamantly opposed
to natural selection. Edward Drinker Cope and Alphaeus Hyatt, for
example, led a well-developed evolutionary movement, usually called
neo-Lamarckism (Packard, an ally in the Cope-Hyatt confederacy, coined
the word in a laudatory biography of Lamarck). The neo-Lamarckians
insisted that Darwin and natural selection had not explained how
variation (the source of evolutionary change) arose. Opposed to the idea
that only the fit survived, Cope and Hyatt substituted the idea of ‘useinheritance,’ through which individual action produced new features that
were then passed on to descendants, thus putting the individual organism
in control of its own evolutionary destiny. This aspect of Lamarckism
was popular with many, from churchmen to socialists. In fact,
Lamarckism was officially adopted as ‘correct’ in Stalin’s Soviet Union
when Trofim Lysenko (1898-1976) convinced the Politburo that
Darwinian selection was capitalist propaganda. Growth and development
played a leading role in nineteenth century neo-Lamarckian evolution;
bodily changes that occurred during the life of an individual (such as
muscular development or bone remodeling) were permanently added to
the developmental pattern and passed on to descendants. Cope in
particular drew on experiments on cellular electricity, which appeared to
build up in organs as it did in Leyden jars (see Electromagnetism). If
electrical force was responsible for growth and if individual action could
redistribute it (after all, a worker’s hands grew larger with lifetime use),
then the neo-Lamarckians could explain evolution without relying on
natural selection as its mechanism. Cope offered his own version of
horse evolution, which (like everything Cope did) was opposed to
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Marsh’s. The physical act of pounding across the ancient Miocene
grasslands had concentrated the electrical growth force in the central toes
of the ancestral horse, causing the lateral toes to atrophy and the central
toe to elongate. Cope’s horse evolved without the carnage implied by
Darwin’s selective elimination of the unfit. Hyatt used similar logic to
describe the evolution of the snail Planorbis through the strata of the
Steinheim meteor crater in Germany. Despite their emphasis on
ontogeny (growth and development), neither Cope nor Hyatt agreed with
Ernst Haeckel’s (1834-1919) Biogenetic Law, which said that ontogeny
recapitulates phylogeny, or that embryonic development repeats the
sequence of ancestors from a species’ history. The Americans argued
that ancestors were not like early embryonic stages except, perhaps, in
certain limited features.
Many paleontologists at the end of nineteenth century were opposed
to Darwinian selection for another reason—they saw linear trends in
fossil sequences. Natural selection would have carried evolution in a
meandering course as environments shifted back and forth. Many
paleontologists thought that evolution seemed to march undeviatingly
through strata, regardless of environmental changes, a process known as
orthogenesis. Henry Fairfield Osborn (1857-1935) described multiple
lineages of elephants and titanotheres (giant rhinoceros-like mammals
from the tertiary deposits of Asia and North America), each following its
own non-adaptive evolutionary path in parallel to its close relatives. To
Osborn, titanotheres seemed to progress through a predictable sequence
of increasing size and elaboration of horns on their bony skulls (critical
of Osborn, Simpson later reinterpreted Osborn’s orthogenetic lines as the
extremes of variation in a single evolving population). Othenio Abel
(1875-1946) argued that long-term trends began as adaptive responses to
particular environments that could continue indefinitely through
‘phylogenetic inertia’, resulting in unusually enlarged organs.
Orthogenesis had its seed in Hyatt’s evolutionary cycles, in which groups
progressed through youth, maturity, and senescence, but was more
specifically influenced by the idea of ‘directed mutations’ that forced
lineages into unidirectional evolutionary trajectories. Beecher’s hyperspiny mollusks and Loomis’ enormously antlered Irish elk were used as
examples of lineages that had been driven to extinction by such
maladaptive trends.

Phylogeny and missing links
In the Origin, Darwin conjectured that the hidden bond of
relationship that naturalists had been seeking was genealogy. Linnaeus’
sexual system, Buffon’s degeneration, Lamarck’s ascent, and Cuvier’s
functional coordination had each been constructed as the essential basis
of a ‘natural’ classification. For many late-nineteenth-century
evolutionists, the diversity of life was connected by a branching
genealogical tree, or phylogeny (both word and metaphor came from
Haeckel in 1866). Identifying such phylogenies became one of
paleontology’s primary activities. Haeckel was one of the first to see a
phylogenetic program in the Origin. Haeckel was no paleontologist,
however; he found his phylogeny in ontogeny. Others sought ancestors
among the ruined remains of extinct life. Huxley adopted phylogenetic
arguments to attack Owen’s views on evolution; Owen responded by
reluctantly redescribing his fossils in terms of descent, but always
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maintained that Huxley’s specifics were wrong. Some paleontologists
claimed that their fossils proved Haeckel’s Biogenetic Law. Others, like
Kovalevskii, saw the traces of selection and adaptation in their trees. To
the American paleontologists Marsh, Cope, and Hyatt, phylogeny
became the primary goal of evolutionary study. A minority of
paleontologists, like Quenstedt and Waagen, thought that phylogenetic
connections could only be made between very closely related species, but
most post-Darwinians presumed that life was monophyletic (stemming
from a single origin) and that phylogeny could, in principle, be traced
among all organisms.
Phylogenetic paleontology was in large part the search for
intermediate taxa, or ‘missing links’, following from Darwin’s confession
that the gaps in the fossil record embarrassed his theory (in practice he
had purposefully emphasized the gaps to bolster his assertion that
evolution was extremely slow and gradual). Huxley and Owen battled
over Archaeopteryx, the former arguing that it bridged the evolutionary
gap between dinosaurs and birds and the latter, just as emphatically,
stressing that it widened the gap immeasurably. First Kovalevskii then
Marsh filled in the steps between horse and five-toed mammals.
Trilobites, extinct arthropods resembling many-legged beetles, were
pressed into service as ancestral intermediates (or impasses) between
arthropods (crustaceans, spiders, and insects) and other invertebrate
groups. Amphibians, reptiles, and fish from the Carboniferous ‘coal
measure’ deposits spanned fish and land vertebrates, while fossils from
the deserts of South Africa and Texas were branded ‘mammal-like
reptiles’ with obvious intent. Eugene Dubois’ (1858-1940) fossil human,
Pithecanthropus erectus, more popularly known as ‘Java Man,’ was the
most controversial ‘missing link’ of all (Haeckel had coined the genus
name Pithecanthropus for the then hypothetical intermediate between
man and ape).

Stratigraphy: The study of the ages of
rock beds, which largely involves
comparisons of the fossils entombed
within them. In the twentieth century,
other techniques, such as radiometric
dating, have contributed to stratigraphy.

The flamboyancy with which paleontologists proposed phylogenetic
trees offended some. Alexander Agassiz, son and successor of the antievolutionist Louis, announced in 1880 that the time for genealogical trees
was over. He enumerated the extraordinary number of conceivable trees
connecting even a few species, concluding that it was impossible to
identify the correct one (akin to the needle in a haystack). As the first
generation of post-Darwinian paleontologists aged, inductivist calls for
less speculation prevailed, some coming from young paleontologists and
some from rival experimental physiologists and, later, geneticists. In
1893, Osborn remarked that the phylogenetic tree had virtually become
extinct in paleontological monographs. In the first decades of the
twentieth century, only a few paleontologists (primarily at Osborn’s
American Museum of Natural History) studied phylogeny. Many of the
rest devoted themselves to descriptive anatomy or stratigraphy, often in
the context of petroleum exploration.

Species and Paleontology
In the 1930s, the prominent British paleontologist D. M. S. Watson
(1886-1973) argued that paleontology, unlike genetics, could only
contribute to the study of evolution on a relatively large scale, among
higher taxonomic categories (or taxa) such as genera, families, orders,
and kingdoms, but could not contribute on the smaller scale of species.
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His argument may sound strange, because species are now considered to
be the fundamental units of paleontology (and, indeed, of organismal
biology). Species are usually defined as interbreeding populations of
organisms and, while interbreeding cannot be directly observed in the
fossil record, many paleontologists accept this definition. Species are
said to be fundamental because they are groups of real organisms
(whether alive or dead), while other, higher categories are arbitrary
because they are simply names referring to groups of related species. But
paleontologists have not always shared this view (and do not always
now), in part because fossils are the remains of dead organisms; groups
must be recognized from their fossilized anatomy rather than from
interbreeding and gene flow (this was the reasoning behind Watson’s
statement). But the process of speciation itself (the splitting of one
interbreeding population into two) poses deeper issues for paleontologists
because they regularly deal with populations that persist and evolve for
quite a long time without splitting. At the beginning of the twentieth
century, many paleontologists referred to such lineages as genera, while
variants within the evolving lineage were species. ‘Speciation’, for these
paleontologists, meant something very different than populations
splitting. Furthermore, some paleontologists did not view higher taxa as
groups of species, but saw them as categories defined in their own right.
Thus, many of the nineteenth and twentieth century debates among
paleontologists and biologists about evolution concerned the nature of
species and their relevance to evolution.
In the nineteenth-century debates about evolution, many
paleontologists were concerned about the ‘fixity’ of species—whether or
not species changed over time. Some (like Lyell in his early career)
argued straightforwardly that species could not and did not change, while
others (like Grant) said they did. But most views did not fall into such a
simple dichotomy. Whewell and Agassiz, for example, argued that
species could change in superficial ways (they might become smaller,
fatter, or longer-haired, for example) in response to the environment, but
that organisms could not change in more substantial ways. For Agassiz it
was important to describe variation within a species (many
paleontologists only described single specimens because they thought all
members were fundamentally alike), but it was equally important to
indicate how groups differed from one another in more fundamental
ways. Agassiz had an extreme, but not necessarily atypical, system of
classification. Each taxonomic rank, including species, was defined by
different kinds of traits: species traits were purely adaptive (changed with
environmental conditions), while family traits were structural, and class
traits were related to the overall organization of the body. This
conception was very different from that of paleontologists today, in
which the higher categories are simply collections of species. In his later
years, Agassiz used the distinction between species traits and higher traits
to argue against evolution, insisting that natural selection could only
modify species traits, but not generic, familial, or ordinal traits.
Cope, an evolutionist who favored mechanisms other than Darwin’s
natural selection, adopted Agassiz’s system, but in an evolutionary
context. Like Agassiz, Cope limited the purview of natural selection to
species, but unlike Agassiz proposed other mechanisms whereby genus,
family, and higher traits evolved. In Cope’s model, organisms could
evolve from species to species and from genus to genus (for example)
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quite independently; an organism could transform from one genus to
another while remaining the same species. For Cope, selection modified
species traits and explained the evolution of species, but developmental
processes regulated genus traits and therefore explained the evolution of
genera (Cope published his Origin of Genera as a response to Darwin’s
Origin of Species). Cope’s idea was a radical (and evolutionary) variant
of ‘fixed’ species—the species itself did not change, but individual
organisms did, transmuting from one species to another, just as individual
atoms change from uranium to lead without changing the categories of
‘uranium’ and ‘lead’ themselves.
In contrast, Darwin conceived of species as interbreeding
populations that changed over time. If a species changed enough (or split
into enough different populations) then it might be given a new genus
name. However, that decision was completely up to the discretion of the
scientist, and evolution was a process that only species went through.
Interestingly, many late-nineteenth-century paleontologists thought
that genera were more important (or more ‘real’) than species. This
conception was partly based on Agassiz’s idea that species traits were
superficially variable (as opposed to ‘stable’ genus traits), but was also
based on traditions of logic that treated species as variants of a formally
defined genus (the words literally mean ‘specific’ and ‘general’). In
twentieth-century debates about evolution, some paleontologists argued
that evolution was a genus-level process rather than a species process
because they viewed species as minor variants and thought of genera as
the ‘real’ taxa. Even today, paleontological literature often only deals
with genus names (like Anchitherium or Triceratops), leaving the idea of
species out altogether.
There was more than semantics at stake in twentieth century
disagreements about species, however. Many biologists, such as Ernst
Mayr (1904-), followed Darwin in defining species as populations of
interbreeding individuals; consequently, speciation was the process by
which one such population split into two. But in the fossil record, the
splitting (or divergence) of groups was only a minor part of evolution. If
speciation was splitting, then a species had to be the long lineage of fossil
populations that lay between splitting events. However, significant
evolutionary change could happen within those species, change that
paleontologists thought was important and wanted to emphasize with
taxonomic names. Osborn called these minute gradations ‘mutations’.
Depending on the trajectory of evolutionary change, he referred to
intermediate populations as ‘mutation ascending’ or ‘mutation
descending’. While today one usually thinks of mutations in the context
of genetics, the word was coined by paleontologist Wilhelm Waagen to
refer to small evolutionary jumps between one fossil group and another.
Geneticists such as T. H. Morgan appropriated the term to refer to
saltational (jump-like) variants in fruit flies, which, they argued, were
caused by genes. As paradigms changed, the word ‘mutation’ dropped
out of the paleontological vocabulary but was retained in the genetic
lexicon. As a solution to the speciation dilemma, Simpson synthesized
the biological and paleontological notions in his evolutionary species
concept: a species was a series of populations in a lineage evolving
independently of others. The biological concept of a single interbreeding
population was thus stretched through geological time.
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Mt. Etna and the Pace of
Geological Time
Mt. Etna is a spectacular volcano
rising almost 11,000 feet (3,300
meters) from the east coast of
Sicily. The tallest active volcano
in Europe, Etna has served as a
navigational beacon on one of the
world’s most traveled seaways
since ancient times and its
eruptions, often accompanied by
earthquakes, have long intrigued
human thinkers. The Greek poet
Pindar described a massive
eruption that occurred in 475 B.C.,
historians recorded particularly
destructive in 1169 and 1669, and
Sicilians fled major rumblings
from the mountain as recently as
1971 and 2001. Its history and
visibility have made Etna the
archetypal volcano for European
writers and it has played a central
role in debates about geology, the
age of the earth, and the history of
life.
When Charles Lyell made his
seminal geological trip to Italy in
the 1820s during which he
reinterpreted the history of the
earth’s rocks in terms gradual
processes and their cumulative
effects over eons he paid particular
attention to Etna. In Lyell’s
uniformitarian theory of the earth,
geological history was to be
interpreted as the accumulation of
small changes rather than
supernatural catastrophic
upheavals, such as Cuvier’s
catastrophes or Buckland’s floods.
Furthermore, these small changes
extended over an almost limitless
time in Lyell’s view, and the earth,
by logical extension, must
therefore be nearly infinitely old.
Etna provided many good
examples for Lyell. He combined
observations on the many cones
and vents, the layers upon layers of
cooled lava flows, and the interbedded ash layers with the
historical descriptions of major
eruptions. Even Pindar’s 2000
year-old lava flows could be shown
to be among the most recent of
Etna’s layers of history. Lyell’s
gradual extinctions and, later,
Darwin’s theory of evolution by
natural selection were set in the
vast time stretches that Lyell
measured at Etna.

The Age of the Earth
In his damning review of the Origin, Adam Sedgwick, the
Cambridge don who had once tutored Darwin in geology, assembled a
comprehensive array of arguments: there was no progression in the fossil
record (Paleozoic rocks, he said, contained a diverse and complex range
of life, not the predicted simple, single-celled animals); successive faunas
had no continuity between them (they were true revolutions in the
Cuvierian sense); and the gaps in the geological record were not as great
as Darwin claimed. Since Darwin had portrayed himself as embarrassed
by those gaps, this last criticism is at first difficult to understand. But for
natural selection to be plausible, Darwin needed vast stretches of time to
connect the discontinuities that Sedgwick highlighted. In the same way
that Lyell had postulated gaps in the fossil record of the Paris basin to
argue that Cuvier’s catastrophes were really gradual, species-by-species
extinctions, Darwin emphasized gaps to gain the time he needed to
evolve the fauna of one epoch from that of the previous one. Sedgwick
was arguing that geological time was not long enough to encompass
evolution by natural selection, regardless of how plausible the idea might
be otherwise.
Nineteenth-century paleontologists were concerned with geological
time, both its subdivisions and its durations, not as ends in themselves,
but as part of the wider debate about evolution and extinction. Divisions
of time in the Earth’s history were not new to the nineteenth century. In
the 1770s, Abraham Gottlob Werner (1749-1817), the extraordinarily
popular professor at Freiburg’s mining school, had formalized a
‘neptunist’ system (the neptunists explained geological history in terms
of receding waters rather than volcanism) that categorized rocks into
‘primary’, ‘secondary’, ‘tertiary’, and ‘quaternary’. Primary rocks
formed the cores of mountains, secondary had eroded from the primary
and been deposited in the oceans (they contained marine fossils), tertiary
rocks had been deposited on top of them on dry land (Cuvier’s tertiary
animals were mostly land vertebrates), and quaternary deposits were left
by rivers and lakes on top of the tertiary. Some of Werner’s names, if not
his concepts, were retained in later efforts to classify geological time.
The time represented by the fossil record and the nature of relationships
among strata (and their fossils) was an important topic in the nineteenth
century.
Cuvier, as part of his argument against Lamarck and Geoffroy’s
transformism, had used Egyptian mummies as evidence that species were
immutable, even over vast periods of time. Since the mummified cats,
crocodiles, and ibises were exactly like their living counterparts, Cuvier
concluded that evolution was disproved. The roughly four thousand
years that had elapsed since the mummies were embalmed was
considered comparable to the time separating his ruined worlds (Buffon
had estimated the Earth to be about 70,000 years old based on his nebular
theory and rates of water subsidence). In fact, Cuvier’s description of
himself as a ‘new species of antiquary’ emphasized that prehistory was
simply an extension of ancient history. The homophony of Blainville’s
‘paleontology’ and ‘paleography’ was not coincidental. Even Lyell, who
proposed a vast age for the Earth, jokingly compared his fossil mollusks
to the easily decipherable demotic script, while discounting Cuvier’s
vertebrates as more like indecipherable hieroglyphics. Intent on
16

obfuscating Cuvier’s faunal discontinuities, Lyell asserted that the Paris
basin strata were only small windows into almost limitless geological
time, which meant that what appeared to be sudden mass extinctions
could really have accumulated gradually in the long missing intervals.
Darwin’s fossil gap argument was analogous. Since alternative theories,
such as Cope’s neo-Lamarckism or Waagen’s mutations, moved
evolution at a much faster pace than natural selection, there was a vested
interest in exactly how old the Earth was. Furthermore, as Sedgwick’s
denunciation implied, there was active interest in whether the Silurian,
with its advanced fishes, represented the oldest chapter of Earth’s history
and in whether intermediate eras might not plug the faunal discontinuities
in the same way that intermediate fossils filled phylogenetic gaps.
Up until the time that the Origin was published, Sedgwick was
himself embroiled in a bitter controversy with Roderick Murchison
(1792-1871), who established the Silurian age, one of the earliest
geological ages then known, about a new subdivision, the Cambrian. In
the 1830s, Sedgwick thought that a group of folded and twisted rocks in
Wales (the region the Romans had called Cambria) was older than
Murchison’s Silurian. Murchison and others had denounced the idea,
accusing Sedgwick of not defining the new age using a fossil fauna,
which would allow the Cambrian to be recognized in other parts of the
world. The Cambrian rocks did have fossils, though they were not as
abundant or advanced as Murchison’s Silurian fauna; however, Sedgwick
refused to describe them. Two other paleontologists did just that in the
1850s, demonstrating their similarity to other faunas in Europe and
America. When the Cambrian was recognized as a new period, the
earliest then known, many said its simple fauna filled the very gap
identified by Sedgwick in his critique.
There were many such controversies in the nineteenth century
(Buckland compared them to an enclosure act on the open commons of
geological time) and into the twentieth. As late as the 1910s, W. D.
Matthew was a proponent for a new ‘Paleocene’ epoch to be inserted
between the Cretaceous and the Eocene. The groupings of ages were
almost as emotionally charged as the grouping of humans and apes.
Great tracts of time had been united as Paleozoic, Mesozoic, and
Cenozoic to emphasize the progressive, evolutionary nature of the faunas
(the names mean ‘ancient animal age’, ‘middle animal age’, and ‘new
animal age’ respectively). These eras are still used today and are
sometimes known as the Age of Fishes, the Age of Reptiles, and the Age
of Mammals respectively. A jealous twentieth-century paleobotanist
later demanded that a Paleophytic, Mesophytic, and Cenophytic be
established in parallel to emphasize that fossil plants also exist (‘-phytic’
derives from the Greek word for plant).
The actual duration of geological time also figured heavily in
nineteenth-century debates. Darwin and Huxley followed Lyell in
maintaining that the Earth was extremely ancient. Calculating rates of
erosion in the Weald in southeastern England, Darwin estimated that
Mesozoic time was more than 300 million years ago. The long Paleozoic
before it gave him ample time for his slow natural selection to effect the
changes he saw in the rocks. Others disagreed. Physicist William
Thomson, Lord Kelvin (1824-1907), said that the laws of
thermodynamics clearly showed that the Earth must be very young.
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Based on the temperature of the Earth’s interior, Kelvin’s rates of cooling
implied that as little as 100 million years ago the Earth’s surface would
have been molten. Gradual evolution was not tenable because even one
million years ago the Earth’s surface would have been too hot for life.
American geologist and neo-Lamarckian Clarence King (1842-1901)
allowed even less time, saying that experiments on rock-melting
temperatures allowed no greater age for the Earth than 24 million years.
Despite Thomas Huxley’s impassioned rebuttal of Kelvin’s inroads
against uniformitarianism and natural selection, many young
paleontologists liked Kelvin’s limit. Anti-Darwinians, such as Cope and
Hyatt, capitalized on the young Earth in their crusade against natural
selection. Even paleontologists who disagreed with the neo-Lamarckian
point of view invoked Wilhelm Waagen’s large-scale mutations to speed
up the pace of evolution.
Radiometric dates, based on the decay of radioactive minerals such
as uranium, soon turned the tide back towards an ancient Earth.
Beginning in 1903, physicists working on the newly discovered
radioactivity began saying that Kelvin’s estimates were far too short.
Following Pierre Curie’s startling announcement that radioactive salts
produced heat, physicist Ernest Rutherford (1871–1937) said that
radioactivity maintained the Earth’s heat and that it was not cooling at
all. Rutherford and his colleagues further suggested that radioactive
decay itself might be used to determine the age of the Earth. Robert
Strutt (1875-1947) at London’s Imperial College and Bertram Boltwood
of Yale both began measuring the radioactivity of minerals, and by 1910
had concluded that the Earth must be at least 2 billion years old. The
new dates extended the Earth’s age by a factor of twenty. Resurgent
Darwinian paleontologists gloried in the rapidly aging Earth. Charles
Walcott (1851-1940), famous for his work on the extremely ancient
Burgess Shale animals and Marsh’s successor as director of the U.S.
Geological Survey, said that geology and paleontology had always
assured him that Kelvin’s estimates were far too short. In 1915,
vertebrate paleontologist W. D. Matthew thought he only had 3 million
years to explain how evolving lineages could get back and forth across
oceans, but was relieved to report in 1939 that he now had 60 million
years. Radioactive dating could only be used on rocks of volcanic origin
(fossils are usually found in water-deposited rocks), so various methods
were used to extrapolate radiometric dates to fossils. Lake varves, thin
layers of sediments representing the winter-summer deposition cycle,
were counted to estimate the length of the Quaternary period. Matthew
used the evolution of horses to estimate the duration of Tertiary periods
by calculating the total time from the Dawn Horse Hyracotherium to the
living Equus and dividing it evenly among the evolutionary stages he
recognized.
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The Paleontological Expedition

FIGURE 4: Paleontologists Henry Fairfield Osborn, William
Berryman Scott and ? Speir dressed in adventurous western garb
during one of their early field expeditions. The opening of the
American West gave an air of romance to paleontological expeditions
that was absent before. (Reprinted in Colbert’s The Great Dinosaur
Hunters.)

American expansion in the West opened vast new territory to
paleontological exploration, cultivating a lasting association between
fieldwork and adventure. Despite heroic voyages such as Darwin’s
H.M.S. Beagle trip, European fossil collecting in the early nineteenth
century was usually associated either with gentlemanly excursions or
with industrial excavation. The famous Iguanodon discovered at
Maidstone, England in 1834 was found in a commercial quarry. At the
British Museum of Natural History, specimens were typically sent home
by members of the Imperial armed forces or were purchased from private
collectors such as Mary Anning (1799-1847). Albert Gaudry led an
expedition from the Paris Museum to Greece in the 1850s, where a
remarkable mammalian fauna was found at Pikermi. However, it was
fieldwork in the American West that began to make paleontology
synonymous with dangerous treks, inhospitable mountains, and scorching
deserts.
Armed conflict between the U.S. Government and Native American
tribes particularly nurtured the idea of adventure and exploration. The
year after Custer’s 1876 defeat by Sitting Bull, a fossil collecting party
led by Cope was returning from the Judith River in Montana when their
scout spotted the Sioux camp with some 1,000 warriors. Several
members of the party deserted and the paleontologists diverted their path
through rugged badlands, struggling to catch the last steamboat of the
season on the Missouri River. Custer himself collected fossil clams,
some of which are now housed at the University of Michigan. Despite
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tales of daring, violence towards paleontologists was never reported.
Jacob Wortman, a collector for Cope, described the Bighorn Basin in the
1880s as a wild land uninhabited except for roving bands of hostile
Indians. The area had been reserved in the 1870s for the Crow,
Arapahoe, Cheyenne, and Shoshone, but following Custer’s defeat in
1876 the U.S. Army had moved these peoples out and opened the area to
miners and sheep ranchers. Although there were no real towns in the
Basin, Wortman was able to run his expeditions from Fort Washakie
(near present-day Lander, Wyoming), an established outfitting post for
region.
Despite the image of the paleontologist as a rugged individual,
carefully organized teams, often with substantial financial backing,
carried out most of the fieldwork in the American West. Leidy was
attached to the first Geological Survey of the Western Territories, which
was organized by Ferdinand Vandiveer Hayden (1828-1887). That
Survey and three subsequent ones were commissioned by Congress to
investigate the mining and agricultural potentialities of the western
territories. Leidy was to have physically accompanied the Survey in
1854 but, when professorial duties prevented him, the fossils were sent
back to him in Philadelphia. Cope and Marsh had similar relations with
the Surveys, sometimes traveling with the field crews and sometimes not.
Both Cope and Marsh employed teams of collectors, who were deployed
throughout the West like small militias. Charles Sternberg (1850-1943)
and three generations of his family worked for Cope, Marsh, and Osborn.
Cope and Marsh employed special managers, such as Samuel Williston
(1851-1918), to look after fossil affairs year round or for special projects.
Marsh employed two former Union Railroad men continuously for six
years to manage dinosaur excavations at Como Bluff, Wyoming. The
managers even considered buying the land under a homestead act to
protect it from Cope’s collectors. The two rivals sometimes even
maintained regional coordinators, such as David Baldwin who covered
New Mexico—sometimes employed by one, sometimes by the other.
As financial magnates such as J. Pierpont Morgan and Andrew
Carnegie amassed fortunes at the end of the nineteenth century, they
reinvested it in social betterment programs and civic projects such as
natural history museums. This allowed museum money to be devoted to
high-profile paleontological field expeditions, the most notable run out of
the new American Museum in New York. These were well-funded, wellmanaged affairs designed to attract international glory to the museums
and their backers. Barnum Brown’s famous 1902 Tyrannosaurus rex
skeleton from Hell Creek, Montana was exactly the kind of trophy these
teams were expected to bring back. Earl Douglass (1862-?) found an
enormous new sauropod, Diplodocus carnegiei. In the twentieth century,
government projects also funded paleontological fieldwork. Collecting
in the Bighorn Basin was funded by Theodore Roosevelt’s Shoshone
Reclamation Project, which aimed to convert western deserts to
productive farmland. Franklin Delano Roosevelt’s post-depression work
projects programs also supported paleontological collecting and
exhibitions. After the Second World War, paleontology was one type of
scientific project funded by the newly established National Research
Council.
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Transportation was a major issue in mounting field expeditions to
remote areas. When crews first began working the Bighorn Basin in the
1880s, they carried their supplies and fossils on pack mules because
wagon transportation was impossible. Many quarries, such as the famous
dinosaur locality at Como Bluff, were near the recently completed
transcontinental railroad (the Golden Spike that joined the eastern and
western sections of the railroad was driven in 1869). Railroad
entrepreneurs such as J. P. Morgan even provided special train cars to
transport loads of dinosaur bones back to New York. Fossil sites
sometimes took their names from railroad stops, and occasional railroad
towns were named after paleontology. The Wasatch formation, which is
famous for its fossil mammals, was named for a stop where expeditions
disembarked, while Granger, Wyoming was named for American
Museum field paleontologist Walter Granger (1872-1941), who collected
at nearby Bone Cabin. Other methods of transportation were also
available. Cope and his crews often used overland stagecoaches and
Missouri River steamboats for transportation to and from their field sites.
Barnum Brown built a flatboat from which to mount the American
Museum excavations along the Red Deer River in the 1910s. His crew
scanned the banks with binoculars for dinosaurs as they floated along in
their “fossil ark”. Automobiles later provided easy access to areas far
removed from train lines. George Simpson learned to drive in 1924
when he and W. D. Matthew purchased a car in Amarillo for a collecting
trip in the Texas panhandle. Like the railroad entrepreneurs, the
automobile industry occasionally sponsored fieldwork. Dodge built the
cars used by Roy Chapman Andrew’s 1925 Central Asiatic Expeditions.
In 1931, Citroen sponsored an excursion, including paleontologist
Teilhard de Chardin, along the old Silk Road through Central Asia to
demonstrate their latest tires.

[FIGURE 5: MOUNTED T. REX AT AMNH] The skeleton of Tyrannosaurus rex
mounted in the American Museum of Natural History in 1910. (Printed in H. F. Osborn,
1913. Tyrannosaurus, restoration and model of the skeleton. Bull. Amer. Mus. Nat. Hist.
32: 91-92.)

Some of the largest, most remarkable expeditions were organized by
metropolitan museums in the first decades of the twentieth century.
Perhaps the most ostentatious was the American Museum expedition to
Central Asia, led by Roy Chapman Andrews (1884-1960) beginning in
1922. Andrews enlisted paleontologists, geologists, zoologists,
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Growth of University Systems
While the earliest universities were founded
much earlier, the institution as it exists today
is largely a nineteenth century construction
whose growth parallels that of paleontology.
The earliest universities—such as those in
Bologna, Paris, and Oxford—were places to
study theology, medicine, law, and classics.
During the nineteenth century, education
(particularly in science and technology)
became important for increasingly
centralized nation states. Many European
universities were nationalized or reorganized
in order to increase enrollments, to foster
nationally important curricula (especially in
relation to economic and military agendas),
and to reflect changing ideas of democracy
and society. In many countries higher
education was such a priority that national
tax money was used in its support. The
Morrill Act of 1862 in the United States
granted public lands for the support of state
universities. Specialized graduate training
was imported to the United States from
Germany, first at Johns Hopkins University
in 1867.
The history of paleontology as a discipline is
entwined with the evolution of the university.
In the early nineteenth centuries Cuvier,
Lamarck, and Geoffroy were teaching natural
history, comparative anatomy, and
paleontology to medical students in Paris,
while William Buckland at Oxford
University was teaching about fossils and
natural history to theology students,
interpreting his fossils in terms of biblical
accounts. Paleontology was not a university
subject in its own right in either case. The
battles between Buckland and his antagonist
Lyell were symptomatic of broader disputes
over the position of religion in government
and society (the Church of England was an
integral part of the state apparatus at the
time). Robert Grant, whose progressive
evolution so inflamed Richard Owen, was a
professor at the “godless” University of
London, established in 1836 to break the
religious stranglehold on higher education in
England that Oxford and Cambridge
epitomized. Before the 1870s
paleontologists in the United States, such as
Leidy, taught medicine, while the next
generation, such as Cope and Marsh, did not
hold university appointments until the latter
part of the nineteenth century during the
American expansion of university learning.
Paleontology did not really become a
university subject in its own right until
Osborn established the Department of
Vertebrate Paleontology at the American
Museum as an extension to the Department
of Biology while Osborn was helping
Columbia College follow the model of Johns
Hopkins by transforming itself into Columbia
University in the 1890s.

meteorologists, and cartographers to map the Central Asian
plateau and collect scientific data, including fossils, from this
remote area. The expedition hoped to recover the earliest human
fossils, which Osborn predicted would be found in Central Asia
(the only fossil that was actually known from Mongolia was a
single rhinoceros tooth collected by Russian scientists in 1892).
The logistics were horrendous. The area was almost completely
inaccessible, with no trains, a harsh climate, and almost no food
or water. Andrews proposed taking an automobile caravan,
which could penetrate more than 100 miles per day across the
Gobi Desert. Camel caravans, some with up to 125 animals,
would be sent well in advance to predetermined staging points
with tons of flour and rice, thousands of gallons of gas, and other
supplies. Andrews raised more than $250,000 through
subscription and large donations just to get the first season
started. When the expedition found a skeleton of the giant
mammal Baluchitherium, Osborn proclaimed the expedition a
success. He said that the specimen’s journey across the desert,
through China, and around the world to New York in a steamer
was the greatest paleontological event the world would ever
know. Osborn was even more ecstatic when the expedition
recovered spectacular dinosaur fossils, including actual dinosaur
nests with eggs. The expedition ended after several years, in part
because Andrews auctioned one of the eggs to raise more money
(Chinese officials accused him of robbing them of valuable
national treasures), and because he occasionally antagonized local
bureaucrats by turning the expedition’s guns on them. The trips
made an enormous popular impact. The dramatic opening scene
in the 1937 movie ‘Lost Horizon’ included a paleontologist
escaping by plane amid revolutionary gunfire with the only fossil
Megatherium from Mongolia clutched tightly in his hands. It is
said that the Indiana Jones character from the 1981 film ‘Raiders
of the Lost Ark’ was based on Andrews.

Collapse of evolutionary paleontology
At the end of the nineteenth century, paleontological activity
was reaching a crescendo. Paleontologists, the ‘high priests of
the past’ whose fossils revealed the patterns and processes of
life’s history, dominated evolutionary theory. Many considered
Darwinism (although not evolution) to be dead, replaced by
Lamarckian or orthogenetic models that were dominantly (though
not exclusively) the works of paleontologists. By 1930, however,
this had changed. Evolutionary paleontology had largely
collapsed, practiced thereafter primarily by vertebrate
paleontologists, paleobotanists, and a minority of invertebrate
paleontologists. By World War II, the majority of paleontologists
were micropaleontologists (students of fossilized shells of
microscopic marine organisms of the sort that compose plankton)
in search of oil. This transition was not simply economic, but
was driven by the burgeoning credibility of genetics, the
expansion of the university system (particularly in America), the
falling reputation of phylogenetics, and older estimates of the
Earth’s age. During the nineteenth century, the unprecedented
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pace of discovery of new fossil material had contributed to
paleontological ascendancy in the field of evolution. Cope, Hyatt,
Marsh, Huxley, and Osborn had pushed their dusty bones into the
spotlight of social debate, filling phylogenetic gaps, demonstrating
human ancestry, and exposing new modes of evolution. But
paleontological dominance was also linked to skepticism about Darwin’s
particular version of the story. Natural selection was distasteful to many
(largely because of its Malthusian image of the merciless weeding out of
the less fit by the mighty), who were attracted to the more humanistic
Lamarckian theories of paleontologists such as Cope and Hyatt. In this
milieu, the scientific persuasiveness of paleontological Lamarckism (and
orthogenesis) was bolstered more by technical objections to natural
selection (relating to inheritance and the age of the Earth) than it was by
positive support for the theories themselves.
In the 1910s and 1920s, geneticists such as Thomas H. Morgan
(1866-1945) at Columbia launched their own offensive into evolutionary
theory. They identified their own field as the only legitimate inquiry into
how evolution worked; paleontologists could describe events, but could
not explain them. As universities expanded following educational
reforms at the turn of the century, laboratory sciences (such as genetics)
predominated, edging paleontologists and other ‘natural historians’ into
museum refuges. By the 1920s, geneticists were resurrecting Darwin’s
natural selection as the mode of evolution compatible with their new
‘hard inheritance’, or genes. At roughly the same time, radiometric
dating had increased the age of the Earth some twenty-fold, allowing a
generous length of time for gradual Darwinian evolution. Popular
opinion was swinging away from evolution altogether (not just
Darwinism), particularly in America, where Christian evangelical
fundamentalism was spreading (Tennessee’s Butler Act banning
evolution from public schools, made famous by the Scopes ‘monkey’
trial, was passed in 1925). In this context, many paleontologists (as well
as geneticists) preached against the pitfalls of grand theorizing, calling
for their colleagues and students to return to the purity of descriptive
empiricism. Ermine Cowles Case (1871-1953), in a memorial
celebrating the second centenary of Lamarck’s birth, wrote that only the
geneticist could guide biologists through the labyrinth of new
conceptions gathered around the gene.

Petroleum and Paleontology
As evolutionary paleontology wilted, economic paleontology
bloomed. Wells in the first major oilfields of Azerbaijan and
Pennsylvania had been drilled in the 1850s. The war-torn decades of the
early twentieth century saw oil production increase unimaginably. In
1915, the world produced 432 million tons of crude oil; by 1938, it
produced 2595 million tons. Oil companies and national governments
began major explorations for new oil reserves (as matters both of profit
and of national security) and paleontology happened to be important for
locating them. Petroleum geologists search for oil largely by drilling
exploratory boreholes (often in the ocean floor) into rocks of the same
age and depositional environment as nearby reserves. Oil usually forms
in marine rocks deposited as deltas at the mouths of ancient rivers (such
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as the Mississippi or Nile). Those rocks had to be buried and heated,
metamorphosing the rich organic remains in the river effluvia into
carbon-rich petroleum. Using microscopic fossils brought up in well
cores, micropaleontologists could tell whether the bore had gone deep
enough (the fossils act as a guide to the age of the rocks) and whether the
rocks at the bottom of the well were of the type expected to produce oil
(only certain species of microscopic organisms, usually foraminifera,
lived in relevant environments). As the rush gained momentum, so did
job opportunities for technicians trained in micropaleontology. Geology
departments in post-war universities began specializing in ‘economic
geology’, and their paleontological coursework was focused towards
micropaleontology at the expense of more traditional topics within
vertebrate and invertebrate paleontology such as evolution and
extinction.
Fossils were always associated with industry in that they were the
byproducts of mining. Many of Cuvier’s Tertiary fossils came from
mines and quarries in France: from the phosphorites of Quercy, mined for
phosphates to be used in fertilizer, and from the Montmartre gypsum,
which formed a main ingredient in plaster of Paris. Buckland’s
Megalosaurus was discovered in slates that were quarried for roofing
tiles (Buckland himself was also the chairman of the Oxford Gas and
Coke Company). Archaeopteryx came from the limestone quarries of
Solnhofen, whose rock was used for both lithography and building.
Hugh Miller’s early fish came from Scotland’s Old Red Sandstone,
which was used for building (central Glasgow is filled with buildings
made of it). And Dollo’s famous Iguanodon herd came from the
extensive Bernissart coalmines of Belgium. In the eighteenth and
nineteenth centuries, industry was important for paleontology, but
paleontology was not necessarily important to industry. The relationship
was reversed in the twentieth-century oil economy. When, in 1937,
Oxford scientists showed an interest in the paleontology of Persia (which
would yield some of British Petroleum’s largest oil reserves), Shell Oil
gave £25,000 for a new geology building. By the 1920s, the petroleum
industry was making a noticeable impact on geology and paleontology.
The fledgling Paleontological Society (founded in 1908 as a union of
evolution-based paleontologists) was splintering over oil. A large group
broke away in 1926 to found the Society of Economic Paleontologists
and Mineralogists (SEPM), with the goal of promoting research in
paleontology as it related to petroleum geology. Composed equally of
academic and oil-company paleontologists, the SEPM joined the
American Association of Petroleum Geologists and the Paleontological
Society in publishing the new Journal of Paleontology. Most of the
funding for the journal came from oil company donations.
The shift towards petroleum and micropaleontology alienated
paleontologists working with fossil groups that were not important for oil
exploration, particularly vertebrates, plants, and many invertebrate
groups. A group of paleobotanists split from the Paleontological Society
in 1936, allying themselves with the Botanical Society of America as its
‘paleobotany section’. Two years earlier, vertebrate workers had formed
a semi-independent ‘section of vertebrate paleontology’ in the
Paleontological Society, but broke away completely in 1940 as the
Society of Vertebrate Paleontology. The vertebrate paleontologists,
notably George Gaylord Simpson and Alfred Sherwood Romer (1894-
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1973), complained that the more geologically oriented Paleontological
Society did not properly recognize the biological emphasis of vertebrate
paleontology. Simpson and Romer tried to pull vertebrate paleontology
into the sphere of evolution and genetics. Towards that end, Simpson
and Theodosius Dobzhansky, the population geneticist, launched the
Committee on Common Problems of Genetics, Paleontology, and
Systematics in 1942 as part of the new U.S. National Research Council.
The paleontologists were mostly vertebrate evolution specialists
(including Romer, Glenn L. Jepsen (1904-1974), and Everett Olson
(1910-1993)), although there were a few paleobotanists and invertebrate
paleontologists. In 1949, the committee published a symposium volume
titled Genetics, Paleontology, and Evolution, which became one of
several important contributions to the ‘Evolutionary Synthesis’ that
attempted to unify paleontology, genetics, and population biology with
Darwinian natural selection. Several members of the Committee,
including Mayr and Simpson, founded the Society for the Study of
Evolution.

Oil wells filling the Los Angeles in 1932. In the early
twentieth century paleontology became important for oil
exploration, transforming the field from the study of
evolution and extinction to the service of the petroleum
industry. (Anton Wagner's "Los Angeles, 1932-34"
Photograph Collection, California Historical Society

During those years, the Journal of Paleontology published a
serialized debate polarizing the biological (specifically evolutionary) and
geological (specifically stratigraphic) aspects of paleontology. Edwin H.
Colbert (1905-), a vertebrate paleontologist, and Norman Newell (1909-),
an invertebrate paleontologist at the American Museum, argued that
paleontology was really a branch of biology, albeit one whose organisms
were embedded in rocks. Marvin Weller, an invertebrate paleontologist
at the University of Chicago, argued that paleontology could only be a
subdiscipline of geology. Acrimonious assertions abounded about
whether biological or geological aspects of the field were intellectually
easier to acquire, whether paleontologists were obliged to serve the
broader interests of geology or biology, and whether non-paleontologists
were qualified to practice stratigraphy. Some accused paleobotany of
‘stagnating’, its research being too ‘botanical’ to be of interest to
geologists.
The efforts of Simpson, Romer, Newell, and others to integrate
paleontology—particularly vertebrate paleontology—into the Synthesis
marked the first of two twentieth-century attempts to revitalize
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evolutionary paleontology. A compromise between genetics and field
biology, the Synthesis fused population biology, systematics, genetics,
and natural selection into a framework that attempted to explain
evolution in terms of ‘genotype’ and ‘phenotype’ (the genes of a species
as distinct from its anatomical structures), selection and adaptation, and
organism and environment. Simpson imported the statistical concept of
species (that species do not share particular features, but are variable
populations whose average changes with evolution) from the Synthesis
into paleontology, and used it to estimate the rates of evolution using the
fossil record. The question of rates was particularly important, because
synthetic theory postulated relatively slow, gradual evolution rather than
the rapid mutational change asserted by early geneticists. Simpson was
lionized by advocates of the Synthesis, such as Mayr and Dobzhansky,
for demonstrating the steady tempo of evolution in the face of counterclaims by some geneticists (and paleontologists). Romer provided
paleontological examples of adaptation and radiation (the diversification
of a group of organisms), notably the evolutionary transition from fish to
amphibian. Newell, a colleague of Simpson’s at the American Museum,
debunked nineteenth century examples of orthogenesis and evolutionary
life cycles (such as Hyatt’s ammonites) using quantitative statistical
arguments.
The second evolutionary revitalization in paleontology coincided
with a sharp downturn in the American and European petroleum
industries in the 1970s and 1980s. Spearheaded by Stephen J. Gould of
Harvard (a former student of Newell’s), Niles Eldredge of the American
Museum, and David Raup of the University of Chicago, the paleobiology
movement was conceived as a reaction to the Synthesis and was designed
to reassert evolution as the focus of paleontology (particularly
invertebrate paleontology). These paleontologists recapitulated the
arguments of their late nineteenth-century forbearers, arguing that the
fossil record showed long-term patterns in evolution (macroevolution)
that could not be explained by the synthesis of population genetics and
Darwinian selection. Punctuated equilibrium (the idea that evolution is
not gradual, but happens in rapid bursts followed by long periods without
change) and cyclic extinctions (the idea that mass extinctions have
occurred in regular cycles throughout geological history, possibly
because of regular impacts by comets or asteroids) were the most notable
challenges to mainstream evolutionary theory. The group founded a new
journal, Paleobiology, under the aegis of the Paleontological Society to
promote evolutionary research. The oil crises of the 1970s and mid1980s had a major impact on the discipline of geology (the University of
Texas geology undergraduate enrollment dropped by an order of
magnitude in 1986). Stratigraphic and economic paleontology waned,
and many paleontologists engaged with the new paleobiology. Through
roughly the same time period, cladistics also became popular, first among
vertebrate paleontologists, then across the entire discipline. Conceptually
independent from the paleobiology movement, cladistics also set itself up
in opposition to the Synthesis, which cladists portrayed as lacking rigor
because of its focus on adaptive scenarios for phylogeny reconstruction.
Unlike paleobiology, cladistics united paleontology with other biological
disciplines through a shared method and ideology. Thus, in the 1990s,
paleontology was again dominated by evolution and phylogeny, as it had
been a century earlier.
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The British Museum of Natural History
The grand structure on London’s Cromwell
Road and the millions of animal and plant
specimens that it contains is popularly know as
The Natural History Museum, although its
official name is British Museum (Natural
History). The institution was so designated by
the museum’s trustees when the new building
opened in 1881. At the time the Natural History
Museum was technically a part of the British
Museum and had been physically located in the
same Bloomsbury building that housed
mummies, ancient artifacts, and the British
Library. But in the 19th century, the British
government, including Prince Albert, Queen
Victoria’s husband, was keen to promote British
science in the service of imperial power. The
Great Exhibition of 1851, housed in the glass
and steel Crystal Palace, advertised the glories
of British engineering and included exhibitions
on paleontology. Capitalizing on these urges,
Richard Owen, the superintendent of the natural
history collections, convinced Parliament to
move his collections away from the British
Museum into a glorious new building. The
museum was built on the grounds of the Great
Exhibition, an area that Prince Albert imagined
as a permanent exhibition of British science
(today the area also contains the Science
Museum, the Victoria and Albert Museum, and,
until recently, the Geological Museum).
Working under Owen’s direction, the architect
Alfred Waterhouse designed a perfect
“Cathedral of Science” in neo-gothic style, with
a great church-like hall, buttresses, and
gargoyles of living and extinct animals and
plants.
In the decades preceding the move to South
Kensington, Owen had been engaged in public
battle with Thomas Huxley and Charles Darwin
over evolution and the origin of species. In part,
Owen viewed his “Cathedral of Science” as the
triumph of his view of life history over Darwin’s
and Huxley’s. Owen’s view was of a stately,
ordered, divinely inspired unfolding of life,
while Darwin’s natural selection was random
and cruel, sometimes called the “Law of the
Higgledy-piggledy”. But Owen’s triumph was
brief. Despite his continued objections, a large
statue of Darwin was later installed on the main
staircase of the Museum, the very “altar” of the
“cathedral”, by the Prince of Wales, Thomas
Huxley, and Owen’s successor as director,
William Flower. Only in the 20th century was
Darwin’s statue moved to a less prominent
position and Owen’s more meager statue put in
the place of honor.

Paleontology and Museums
The nineteenth-century creation of public natural
history museums (public both in their funding and in their
admission policies) eventually did much to foster a popular
audience for paleontology. Often modeled on the Paris
Museum, metropolitan museums of the nineteenth century
exhibited grandiose research through public lectures,
galleries, and collections. As the world’s cities—London,
Berlin, Frankfurt, Philadelphia, New York, Mexico City,
Buenos Aires—established their own institutions, museums
became synonymous with natural history, literally
institutionalizing the association (and differentiation)
between the disciplines of zoology, botany, entomology,
mineralogy, and paleontology. Museum scientists, who
were usually systematists, interpreted life’s seething
diversity as it was shipped back to colonial capitals in
bottles and boxes. Extinction, evolution, race, and culture,
as public debates, have therefore been closely associated
with museum research. Perhaps because this tradition
firmly ensconced paleontology in museums, the subject did
not become a part of twentieth-century university
expansions, and, where it was, universities usually created
their own museums.
Museums are both a public face of paleontology and
important sites of research. As physical institutions, large
twenty-first century museums typically have public galleries
filled with giant dinosaur skeletons, charging elephants,
breathtaking wilderness adventures, and mass extinctions.
Consequently, paleontologists have long been aware of the
importance of a popular audience, and public perception
strongly identifies paleontology with what the public
galleries exhibit. But museums also contain ‘private’
research areas where scientists doggedly unravel the
mysteries of the natural world. The relationship between
public galleries and private research areas has changed since
the early twentieth century. The research areas of the
museum now designated as ‘no public access’ are not
exactly private; they are openly available to the scientific
community. Scientists and students from around the world
visit museum research collections, which operate much like
libraries containing specimens rather than books. While
access was often restricted to male ‘gentlemen’, late
eighteenth- and early nineteenth-century museum galleries
were also open to the ‘public’ in this limited sense. Many
European public museums (in the sense of state institutions
funded by tax revenue) had their origins in ‘natural history
cabinets’, collections of natural objects including rocks,
minerals, plants, animals, and fossils. Concerned with
understanding and classifying the natural world, postrenaissance men of letters gathered objects for study and
description. The specimens were open to like-minded
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intellectuals from seats of learning throughout the world. During
revolutions and reforms in the late eighteenth and early nineteenth
centuries, many large ‘cabinets’ were nationalized (or purchased). The
Paris Museum was formed by Jacobin legislation from the Jardin du Roi
(the ‘King’s Garden’) in 1793, while the core of the British Museum of
Natural History was the collection of Sir Hans Sloane, purchased by
Parliament after Sloane’s death in 1753. While access was widened
(often with the rhetoric of egalitarian liberation), admission was seldom
open to the public as we understand the word today. Lectures at the Paris
Museum were open to members of learned societies and students of
medicine, but not to women or workmen.
Within the nineteenth-century milieu of social change that extended
suffrage, emancipated slaves, and unionized the working classes,
museums became more broadly public. In London, a magnificent new
Natural History Museum opened in 1880 on the land that had been used
for the great International Exposition of British industrial might in the
Crystal Palace. Like the Exposition, museums displayed the supposed
wonders of the world, inflecting them with nationalist and imperialist
overtones. These galleries were not necessarily intended for a learned
audience, but were partly designed to impress citizens and subjects with
the scientific might of their nation and the wonders of their colonies.
Research collections and public galleries were not distinct—specimens
were arranged either in display cases or in drawers that anyone, scientist
or schoolchild, could pull open. The public museums of the late
nineteenth and early twentieth century often embedded themes of
education, improvement, and social engineering in their galleries.
Andrew Carnegie’s gifts of Diplodocus skeletons were part of his larger
agenda of educating the world’s laborers (Carnegie was the son of a
Scottish factory weaver). Both Carnegie and George Peabody (17951869) donated millions of dollars for museums, libraries, and theaters to
improve and civilize the lives of workers in sprawling industrial cities.
In New York, too, Osborn imagined the exhibits at the American
Museum as improvement for the working classes (similarly, Osborn was
involved with schools, YMCA facilities, and eugenic societies). Viewing
twentieth century horrors such as World War I as an outgrowth of
materialism and mechanized life, Osborn emphasized the natural sciences
and their connection with nature. His exhibits in the Hall of Man at the
American Museum placed human evolution in the context of changing
environments rather than depicting progressive technologies. Like
Carnegie, Osborn exported his vision to other museums in the form of
books, casts, and guides to duplicating the American Museum dioramas.
The best known and most successful museum directors took an
active part in building audiences, reaching out in public lectures, and
writing volumes of scientific popularization. While social magnanimity
was the stated motive, public exhibits were also important for attracting
funds to museums. Public access and improvement were seductive
causes, both to state treasurers and to wealthy philanthropists. With the
extension of suffrage and social supports, nation states were increasingly
seen as providers of public benefits—museums were powerful symbols
of that new relationship, but could remain so only if they were popular.
An 1860 select committee of the British House of Commons found that
the natural history collections were the most popular part of the British
Museum with both the middle and working classes. New galleries gave
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(and continue to give) pride of place to extreme and garish specimens.
Reconstructed dinosaur skeletons dominated exhibits: the Ichthyosaurus
in the 1840s, Owen’s Iguanodon in the 1850s, and Osborn’s
Tyrannosaurus rex. Because they were large and fantastic, extinct
creatures (particularly dinosaurs) became synonymous in the nineteenthand twentieth-century popular imagination with museums. Balzac
eulogized Cuvier’s lost worlds in his novels, worlds reconstructed from
monster’s teeth; Osborn literally resurrected the past as huge skeletons
mounted in life poses, caught in flagrante by gawking New Yorkers.

FIGURE 7: The British Museum of Natural History, Richard
Owen’s ‘Cathedral of Science’, which opened in 1880 in London.
The building was designed by Alfred Waterhouse and features
architectural motifs of extinct species along one wing and living
ones along the other. (from The Graphic, 27 March 1880 and
reproduced in William T. Stearn The Natural History Museum at
South Kensington, 1998, The Natural History Museum, London.)

The public museum phenomenon was paralleled in an educational
sense within expanding universities. In 1859, Louis Agassiz opened the
Museum of Comparative Zoology at Harvard, which was devoted to
advanced education and research in natural history (including
paleontology). The Paris Museum had pioneered the association between
museum and education when medical students were required to attend
lectures by the museum professors at the turn of the nineteenth century.
Agassiz, however, specifically set out to train museum-based researchers
in natural history fields. Agassiz’s model of the museum within the
university was replicated in other universities as his students won
prominent positions. In Paris in 1880, the French government extended
the Museum’s educational role by restricting its autonomy and putting it
at the service of medical and science professors in Parisian universities.
And in 1891, when Osborn transformed biology at Columbia (which
grew from College to University in the process), he organized vertebrate
paleontology not within his Biology Department but at the American
Museum. The University of California at Berkeley had tried to sustain a
Department of Paleontology as early as 1912, but with only intermittent
success until 1921 when Annie Alexander (1867-1950), sugar heiress and
natural history devotee, endowed an independent Museum of
Paleontology as its nucleus.
The Great Depression and World War II bankrupted museum
endowments and transformed national agendas from social change to
national security. The position of the museums changed in the process.
Osborn resigned from the directorship of the American Museum in 1933,
depressed by budgetary shortfalls. Expedition money was cut there
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altogether in 1932, and the museum had to cut back many staff positions.
National museums, such as the British Museum of Natural History, were
forced to shift their emphasis to maintain their state funding. Research
rather than exhibition was seen as the breadwinner. Through the same
period, many universities scaled back their paleontology programs,
cutting them or changing their emphasis to petroleum exploration.
Evolutionary paleontology became increasingly associated with
museums, locked behind the mysterious closed doors ‘not opened to the
public’.

Tools of the trade
Paleontology is not usually associated with technical or
technological breakthroughs as are other scientific disciplines such as
physics, genetics, or chemistry. The paradigm shifts of paleontology,
extinction and evolution, are entirely conceptual. Some episodes in
paleontology are closely linked with technological or methodological
developments, however.

Igneous rocks: Rocks with a
volcanic origin that were deposited
in a molten state (thus prohibiting
the possibility of fossil remains).
Other types of rocks are
sedimentary, or those laid down by
water, and metamorphic, which are
sedimentary rocks that have been
modified by heat and pressure.

Radiometric and magnetostratigraphic dating techniques have
probably had the most dramatic effect. Many controversies about
evolution and extinction have been concerned in some way with the
timing of events or processes. When Strutt and Boltwood first applied
the principle of radioactive decay to the age of the Earth in the 1910s,
they came up with dates more than an order of magnitude older than
paleontologists had thought. The techniques were applied to minerals
bound up in volcanic rocks, which do not normally contain fossils, but
their implication for paleontology was obvious: life was much older and
evolution much slower than anyone had imagined. The new dates were
reported only a few years after Vernon Kellogg (1867-1937) had reported
the death of Darwinism (by which he meant evolution by gradual natural
selection, which had partly been discredited in his mind because it
required an extremely ancient Earth). The 1950s invention of carbon-14
dating, a technique that could be applied directly to fossil remains,
allowed both paleontologists and archeologists to determine when the last
ice sheets melted and when the remarkable mammoths and saber-toothed
tigers had disappeared. Magnetostratigraphy, or the correlation of rocks
by reversals in the Earth’s magnetic polarity, could be applied to rocks of
all sorts, volcanic or water-deposited. The Olduvai reversal (named
because it was found in Louis Leakey’s (1903–1972) famous Olduvai
Gorge in East Africa) was particularly relevant for dating early fossil
humans. The combination of magnetostratigraphy and radiometric
dating, which could be correlated with one another using the igneous
rocks that had been spreading out from the mid-ocean ridges for the last
160 million years, allowed paleontologists to make continuing
refinements in the paleontological timescale. The Geological Society of
London published an influential compendium of ages and dates in 1964,
followed in 1971 by another from the Cambridge Arctic Shelf
Programme and yet another in 1982 by Walter Brian Harland (1917-) and
colleagues at Cambridge.
The confirmation that the Earth’s continents moved through the
process of continental drift also had a profound effect on paleontology.
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How animals got from one continent to another was a potential stumbling
point for new ideas about evolutionary radiations. W. D. Matthew
devoted his 1915 book Climate and Evolution to explaining how ancient
land bridges and the accidental dispersal of plants and animals on natural
rafts could explain the geographic distributions of fossil mammals.
Many paleontologists who doubted these scenarios of forlorn monkeys
desperately clinging to branches in the mid-Atlantic, such as the brash
young Malcolm McKenna who replaced Simpson at the American
Museum in 1960, enthusiastically adopted continental drift as an
alternative explanation. By the 1990s, vicariance (the evolutionary
separation of two groups by geologic change, such as continents drifting
apart) had almost universally replaced dispersal as the stock explanation
of how animal groups diverged. One major research program concerned
the exchange of species over the Panamanian land bridge after North and
South America came together in the Pliocene. Thomas Jefferson’s
perplexing giant sloth, Megalonyx, was, upon reappraisal, part of a group
that had evolved in South America for most of the Cenozoic, crossing in
to North America only a few million years ago before becoming extinct
(today, sloths are only found in South America). Jaguars and wolves
were examples of groups that migrated into South America from the
north.
Paleontologists have considered many simpler techniques as
important advances. In the 1870s, crews working for Marsh and Cope
invented the plaster jacket to protect fossils on their bumpy journey from
western outcrops to eastern museums. Samuel Williston, who set
soldiers’ broken bones during the American Civil War, was said to have
been the first to use this technique. Invertebrate paleontologists learned
to quickly etch millions of fossils from solid limestone by dissolving the
latter in acid. In the 1960s, it occurred to vertebrate paleontologists that
they could sieve quarry detritus to find minuscule mammal teeth.
Surprisingly, that simple technique inspired research programs in
paleoecology and taphonomy (the study of the process of fossilization).
The automobile proved important not only for visiting remote areas, but
also because government-funded highway programs cut through hills
everywhere, opening clean new exposures in rocks filled with fossils.
Paleontologic correlation in the 1960s and 1970s owes almost as much to
road cuts as it does to radiometric dates. X-ray machines in the early
twentieth century and, later, CT-scanners allowed paleontologists to
“dissect” their stony skeletons and see structures that they could not
before. Biogeochemistry and stable isotope analysis allowed them to
estimate temperatures and rainfall patterns in the geologic past. Oxygen
isotope curves revealed that there were not just four ice ages during the
Pleistocene, but that worldwide temperatures had oscillated up and down
more than twenty times in the last two million years, leading to an
acrimonious review of nearly every aspect of ice age paleontology.
Journals are often important emblems of the self-definition of
academic disciplines. The first serial devoted exclusively to
paleontology was Palaeontographica, founded in 1846 by German
paleontologist Hermann von Meyer (1801-1869). While it was the first
exclusively paleontological journal, Palaeontographica was certainly not
the first journal to publish papers on fossils. The Comptes Rendus—or
collected works—of the French Academy of Sciences had included
occasional paleontology papers since 1835, and in Germany the Neues
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Jahrbuch für Mineralogie (The New Yearbook of Mineralogy) had
included such papers since 1807. Notably, the latter changed its name
several times (Neues Jahrbuch für Mineralogie, Geognosie, Geologie
und Petrefaktenkunde [The New Yearbook for Mineralogy, Geognosy,
Geology, and the Petrified] and even later to the Neues Jahrbuch für
Mineralogie, Geologie und Paläontologie [The New Yearbook for
Mineralogy, Geology, and Paleontology),[Our point in using the journal
titles is not to refer the reader to the journals, but to document the
changing perception of fossils in the scientific community and to
reemphasize that the word “paleontology” was an early 19th century
application for the new science of extinction. There are no English
translations of the journals] reflecting the differentiation of eighteenth
century mineralogy into nineteenth century disciplines. In America,
several former students of Louis Agassiz, including paleontologist
Alphaeus Hyatt, founded the American Naturalist in 1867 as an
evolutionary journal devoted to neo-Lamarckism (Agassiz himself was a
committed anti-evolutionist). The name of the new journal may have
recalled the mock secret society that Agassiz’s students had organized in
their days under the naturalist from Neuchâtel: ‘The Society for the
Protection of American Naturalists against the Oppression of Foreign
Professors.’ Cope later purchased the journal in order to rush his
descriptions of dinosaurs and tertiary mammals into print before Marsh
did. The content of American Naturalist was largely paleontological
until Cope’s death in 1897. Museums also published their own journal
series; the American Museum of Natural History appears to have started
this trend in 1881. Nationalist journals abounded in the early twentieth
century, many of them adapting von Meyer’s German title:
Palaeontologia Hungarica (1921), Palaeontologia Sinica (1922),
Palaeontologia Polonica (1926), Palaeontologia Africana (1953), and
Palaeontologia Jugoslavica, (1958). Interestingly, the Paris Museum
published Palaeontologia Universalis between 1903 and 1958. During
the mid-twentieth century, new journals were often founded to
accommodate new sub-disciplines; Palaeogeography,
Palaeoclimatology, and Palaeoecology, for example, were devoted to
environmental paleontology, while Palaeovertebrata was devoted
exclusively to vertebrates. Others were interdisciplinary journals
emphasizing specific time periods, such as Quaternary Research
(devoted to ice age paleontology and geology).
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Science and Spectacle: the Popularization
of Paleontology

An Iguanodon looking into the windows of a Paris
house from Camille Flammarion’s Le Monde avant la
création de l’homme (The World Before the Creation of
Man). (1886)

Paleontology is arguably one of the most popular of the sciences (in
the sense that those with no formal training in the discipline can be both
interested in and technically knowledgeable about it). Whether watching
a television cartoon or viewing a big-screen movie, children and adults
alike can rattle off the Latinate genus names of a stunning variety of
dinosaurs: Triceratops, Stegosaurus, Brontosaurus (many will even
exclaim at this point that the name Brontosaurus is not technically
correct, but is more properly Apatosaurus), and, of course,
Tyrannosaurus rex. (In fact, the spelling check feature of the word
processor used to write this article recognizes all of these names, but does
not know those of the cat, the horse, or the mouse: Equus, Felis, and
Mus.) Paleontology’s broad public audience is an integral part of the
discipline, and has arguably been responsible for its continued existence.
In contrast to many other sciences, paleontology has social structures that
link it with a popular audience (movies, television, books, novels,
exhibitions, and even toys). While many adults read popularized
accounts of physics, children seldom play with plastic atoms. Astronomy
may be one of the few other sciences that attract a similar public
following.
The connection between paleontology and its popular audience is
not a result of twentieth-century mass media and tourism; during the
nineteenth century, paleontology was, if anything, more popular than in
the twentieth. In the early nineteenth century, fossils were the leisure
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activity of the affluent, the pastime of amateur naturalists, physicians,
and clergymen. Medical doctors and protestant clergymen, particularly
in Britain and Germany, were avid naturalists and paleontologists (the
Reverend William Paley (1743-1805) argued in his 1802 Natural
Theology that nature’s perfection was evidence of God’s design).
William Conybeare, who reconstructed the first plesiosaur in 1824, and
Gideon Mantell (1790-1852), who discovered the first dinosaur fossils,
were clergyman and physician respectively. The first Neanderthal fossils
were presented not at a meeting of paleontologists, but at the Lower
Rhine Medical and Natural History Society. On the one hand, ministers
and doctors were both leisured and educated, allowing them to pursue
esoteric activities such as fossil collection that most people could not; on
the other hand, the fact that such prominent members of local
communities were familiar with the details of paleontology meant that
fossils, evolution, and extinction figured heavily in many nineteenth
century social and political debates. In 1830s Britain, for example,
sermons preached from the pulpits in the established Church of England
were embellished with the fossils from Buckland’s Noachian flood and
the catastrophic remains of Cuvier’s former creations (and past
Armageddon-like destructions), while Chartist insurgents, radical
reformers who were demanding universal male suffrage and better pay
for workers, drew parallels between the inexorable progress of the fossil
record and the inevitable rise of the lower classes. It was to refute the
latter connection that Owen designed his Dinosauria in the 1840s, and
Victoria and Albert broadcast Owen’s message to hundreds of thousands
in the dinosaur garden at the Crystal Palace Exhibition, while Huxley tore
it apart in his Lay Sermons for the People.
Paleontological images were evocative because they were at once
poetic, freakish, and fantastic. Paleontology exhibitions were about the
monstrous and the minuscule, about the vicious and the dead. Albert
Koch (1804-1867), a German collector, posed a skeletal herd of
mastodons like a carnival sideshow, billing them as ‘Missourium, the
Leviathan of the Bible’. Ichthyosaurs and plesiosaurs became the
monsters of the deep in a nineteenth century world where the ocean
floors were offering up more plankton than passion. When the British
ship Daedalus reported a ‘sea serpent’ in the East Indies in 1848, a flurry
of letters were mailed to the Times, several suggesting that the monster
had been a plesiosaur (Owen dampened the enthusiasm by assuring the
public that it could have been no such thing). The cover of ‘Wonders of
the Primitive World’ in The People’s Library magazine series of 1869
featured a lurid scene with an ichthyosaur and plesiosaur engaged in
horrible battle with pterodactyls perched like vultures above and a
volcano erupting in the background. While this series mentioned science,
its emphasis was mainly on wonder (like the ‘giant carnivorous frog,’
Chirotherium). Neanderthals became freaks of nature, described by
Rudolf Virchow (1821-1902) as twisted by pathological agonies.
Camille Flammarion’s (1842-1945) Before the Creation of Man (1886)
illustrated iguanodons looking through the windows of Paris houses,
rising from the grave to say, ‘Here we are, your elders and your
ancestors. Without us, you would not exist.’ The mounted dinosaurs in
the worlds’ museums and the lucrative terror of Jurassic Park are not
twentieth century exceptions, but are parts of a long-time association
between paleontology and the public. As experimental sciences gained
ground in the late nineteenth century, a British Museum of Natural
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History guidebook apologized that ‘of late’ there had been lots of
excitement about microscopy, but that it was just not as gripping as
paleontology.
In the twentieth century, the public interface continued to play a
major role in paleontology, not just in its popular conception, but also in
the development and agenda of the discipline itself. The discovery of a
‘living fossil’, Metasequoia (the ‘Dawn Redwood’) is a good example.
The story began in 1828 when Adolphe Brongniart (1801-76) described
some unusual plant fossils from Oligocene deposits in France that were
similar to the living Sequoia of North America, but otherwise enigmatic.
In 1941, a Japanese paleobotanist distinguished Brongniart’s tree as a
new genus called Metasequoia based on new fossil material from Japan.
Meanwhile, in the same year two Chinese botanists ‘discovered’ a tree in
Szechwan (known to the locals as the ‘Water Fir’) that was similar to
Sequoia. Several years later, they realized that the tree was a living
version of Brongniart’s fossil Metasequoia. Ralph Chaney, a
paleobotanist at the University of California Museum of Paleontology
who was interested in the fossil Metasequoia, capitalized on the
similarity between the living ‘Water Fir’ and his native California
Redwoods to generate local interest in the story, renaming the tree ‘Dawn
Redwood’. The ‘living fossil’ was so intriguing that the Save-theRedwoods League and the San Francisco Chronicle sponsored an
expedition that would take Chaney to China and Japan. Both the
scientific agenda and the funding for the expedition (not to mention the
tree’s name) were tied to popular response, rather than to the University,
other scientists, or state funding bodies.
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